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LOCOMOTOR MECHANISMS OF BIRDS 

By FRANK A. HARTMAN 

Department of Physiology 

The Ohio State University, Columbus, Ohio 

INTRODUCTION 

Ornithological literature abounds in descriptions of the habits and 
activities of birds, while anatomical studies are less common and are 

related mostly to taxonomy. Attempts to correlate structure with 

function in birds are few, yet this is a very intriguing subject for 
study since birds are among the most active members of the animal 
kingdom. This is reflected in their high rate of metabolism and ele- 
vated temperature. Their versatility is great; they can fly, run, or 
swim, some performing all these activities, while others are limited 

to one or two. However, certain species excel in locomotion in the air, 
on the land, or in the water. 

We note the explosive flight of the grouse, the graceful glide of the 
swallow, the soaring of the vulture, the poise of the hummingbird, the 

racing of the roadrunner, and the diving of the loon. Their skill can 
be seen, their speed can be measured, but the relative power involved 

escapes us. 
Actual measurement of these activities is necessarily limited, since 

the confinement required would defeat its goal, but the muscles can 
be weighed as an indication of their potential capacity. The flight 
muscles can serve as a measure of power in the air. Likewise muscles 
of the lower extremities represent the power for terrestrial or aquatic 
locomotion, while heart weights bear a direct relation to the ability to 
sustain activity. The areas of the wings, tail, and total gliding surface 

are measures of the airlift, and the relation of length to breadth of the 
wing shows the adaptation for lift or glide. The superficial and deep 
layers of the pectoralis, which constitute 48 to 68 percent of all flight 
muscles, are most essential in depressing the wing or lifting the body, 
while the supracoracoideus raises the wing. The remainder of the 
flight muscles (grouped in the master list, table 1 (pp. 38-87), under 

the heading “Rest’’) play their part in controlling wing movement. 
Little accurate information about the relative size of muscles has 

been available. General statements have been made such as that by 
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Aymar (1935, p. 57): “a pigeon’s pectoral muscles which raise and 
lower the wing are as much as 50 percent of the entire bird.” How- 
ever, Fisher (1946) made careful comparisons of the volumes of the 

individual locomotor muscles of vultures preserved in alcohol. For 
the present study I selected certain groups of muscles used in loco- 
motion and weighed them in the fresh condition. In addition, the areas 
used in lift or glide have been determined. 

METHODS 

All specimens were kept in waterproof plastic bags to prevent drying 

until weighed at the field station. Small birds were weighed on a 
torsion balance of 120 grams’ capacity. Larger ones were weighed 
on Chatillon spring balances, the most sensitive one for the weight 
involved being used: 6,000 grams’ capacity with 24 grams’ sensitivity ; 
500 grams’ capacity with I0 grams’ sensitivity; and 250 grams’ 
capacity with 5 grams’ sensitivity. 

The bird was spread out on a sheet of paper tacked to a drawing 
board. A careful outline of the spread wings, tail, and body was 

traced. The length and median width of the wing were also deter- 

W 
tained later by a compensating polar planimeter. The buoyancy index 

_Viwing area_ 
V body weight 

dimensional and weight is three-dimensional (George and Nair, 1952). 
After skinning the areas involved, the pectoralis superficialis, supra- 
coracoideus, the rest of the flight muscles (called “rest’’) except those 
along the carpus, metacarpus, and phalanges, and finally all the muscles 

of the lower extremities were removed by means of scalpel and 
scissors and then weighed. (If there was any delay before weighing, 
the dissected muscles were kept in a moist chamber.) These muscles 
were weighed on both sides from at least 200 birds, but thereafter the 
muscles on one side only were weighed, since the two sides proved to 
be identical within the limits of error of dissection. The weights of 

smaller muscle groups have been determined in a few species. Thus 
the shoulder, upper and lower arm, and upper and lower leg muscles 

have been separated. Doubling these values gave the totals used in 

calculations. 
Heart vessels were trimmed close to the organ and both sides cut 

open, any remaining blood being removed by contact with blotting 
paper. Weighing was carried out on the torsion balance or on a 

mined for the calculation of the aspect ratio (a): Areas were ob- 

was calculated by the formula, , since area is two- 



NO. I LOCOMOTOR MECHANISMS OF BIRDS—HARTMAN 3 

Roller-Smith balance with a capacity of 1,500 milligrams and a sensi- 
tivity of 0.02 milligram. Only healthy adult birds were used, except 
for a few immature specimens which are mentioned in the text. 

Nomenclature is based largely on Peters’ check list (1931-1951) and 
on the check list of the American Ornithologists’ Union (1957) for 

North American passerine species. The values obtained were listed 
in tables. In our earlier work some of the muscles were not weighed, 
which accounts for the lack of complete data in some species. The 
text figures make comparison of typical values in each family, those 
preceded by an asterisk in the table being represented. 

Material for this work was collected in Florida, Maine, Ohio, and 

Panama. Panamanian birds were collected during the period January 
through March at the following stations: Juan Mina, Canal Zone, on 

the Rio Chagres ; Rio La Jagua in the Pacora marshes, in the Province 

of Panama east of Panama City; Cerro Copete (elevation 7,000 ft.) 
above Boquete, and the finca “Palo Santo” near the village of EI 
Volcan (4,250 ft. above sea level), in the Province of Chiriqui. 
Florida birds were collected at different seasons on Lake Okeechobee, 

around the islands of the Gulf Coast, and on the prairies and ham- 
mocks of the peninsula. Ohio birds were obtained from the central 
part of the State, and Maine birds were collected at or near Lake 
Kezar in the southwestern part of the State. Most specimens were 
obtained in the morning before 11 o’clock. 
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RESULTS 

Data on more than 360 species in 70 families are included in this 
report. The muscle weights are calculated as percent of body weight. 

The wing and other areas are given as cm.” per gram of body weight. 

Glide area is the area included in wings, tail, and body. 

In the master list (table 1, pp. 38-87) the number of individuals in a 
species is shown in parentheses, with the mean values and standard 
error of the means, or the individual values are given if less than three. 

Sexes are separated for body weights and for other determinations 
where the differences between sexes are significant ; otherwise the data 
of the two sexes are combined. Although the data from a single indi- 
vidual may not be representative of a species, they have been included 
if the species is sufficiently interesting. 

Before embarking on a consideration of the muscles I wish to call 
attention to certain species in which there is a significant difference 

in body weight between the sexes. Those in which males are larger 
are: Podiceps dominicus, Casmerodius albus, Gallus gallus, Aramus 

guarauna, Porphyrula martinica, Columba speciosa, Brotogeris jugu- 
laris, Crotophaga major, Crotophaga ani, Crotophaga sulcirostris, 

Nyctidromus albicollis, many trochilids, Centurus rubricapillus, Cen- 
turus chrysauchen, Dendrocincla homochroa, Sittasomus griseicapillus, 

Xiphorhynchus guttatus, Anabacerthia striaticollis, Manacus vitellinus, 
Fluvicola pica, Cyanocitta cristata, Parus carolinensis, Parus bicolor, 

Parula pitiayumi, many icterids, and Arremonops conirostris. In the 

following species the females are larger: Jacana spinosa, Tyto alba, 
Speotyto cunicularia, Cotinga ridgwayi, Corapipo leucorrhoa, Thryo- 
thorus modestus, and Selasphorus scintilla. 

Let us now consider the distinctive values in each family and their 
possible relation to habits (table 1). 

Tinamidae.—The tinamous are most unusual birds, possessing 
extremely large flight muscles (37 to 40 percent of the body weight, 

of which the pectoralis is 63 percent) and large leg muscles (13 to 

17 percent) but the smallest heart (0.19 to 0.25 percent) of all birds. 

The pectorals are so large that they extend beyond the keel of the 
sternum. In Crypturellus the sternum is submerged 7 to 8 mm. below 
the bulging pectorals. The same condition is present in Nothocercus 
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and in Tinamus, where the submergence may reach 9 to 10 mm. The 
wings are small (buoyancy index, 2.86 to 3.14) and broad (aspect 
ratio, 1.49 to 1.62). The wing area per gram of flight muscles is 
19 cm.? in Tinamus and 36 cm. in Crypturellus. Nothocercus 
possesses smaller pectoralis muscles (P<o.o1) but larger lower- 
extremity muscles than Tinamus and Crypturellus. The muscles are 
in keeping with the habits—these birds run along the ground or fly 

explosively for short distances, the small heart preventing more 
prolonged effort. 

Podicipedidae.—Grebes are most proficient in swimming and 

diving, using their feet in the process (Van Tyne and Berger, 1959). 
Their flight muscles are very small, being only 14 percent of the body 
in Podiceps dominicus. This species, which weighs only a little more 
than one-third as much as Podilymbus podiceps, possesses almost 
double the wing area of the latter. Podiceps dominicus also has a 

lower aspect ratio (2.51 compared to 2.91). The tails are insignificant 
in both species. The leg muscles are large, being 16 percent in 
Podiceps and 18 percent in Podilymbus. The leg position is ideal for 
swimming but causes an awkward waddling gait in walking. The 
heart is moderate in size in both species (1.00 to I.05 percent). 

Pelecanidae.—The clownish brown pelican starts rather awkwardly 

with slow, sweeping wing strokes, continuing with frequent soaring and 
sailing or, on a gentle breeze, gliding gracefully just above the water. 
The male has relatively larger flight and leg muscles than does the 

female, but compared to the cormorant, the flight muscles are but a 

little larger while the legs are less than half the size. His wings are 
moderately large (1.34 cm.” per g. of body; buoyancy index, 4.38) but 
very long (aspect ratio, 3.75), enabling him to skim over the water 
with ease. 

Phalacrocoracidae.—The cormorant prefers to dive and swim, 

since that is his method of obtaining food. He is a rapid swimmer, 
using only his feet according to Selous (see Bent, 1922), holding his 
wings motionless. In the air he is a heavy flier (flight muscles, 17 per- 
cent; buoyancy index, 3.27), slowly flapping his wings after the 

manner of a heron. His legs are large (muscles are 11 percent of 

the body), but because of their position, on land he is awkward, 

though less helpless than the grebe. 

Anhingidae.—The anhinga, like the cormorant, obtains his food 

by diving and swimming, using his feet only, with wings slightly 

folded or slightly expanded and steering with his tail, which can be 
spread as a rudder (Bent, 1922). However, unlike the cormorant he 
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is a graceful, rather powerful flier, having somewhat larger flight 
muscles (19 percent) and wings (buoyancy index, 3.7) but smaller 

legs (8.6 percent). 

Fregatidae.—The man-o’-war, one of the most graceful birds in 

the air, soars much of the time, steering by his scissors tail, but he 

can also fly rapidly to overtake another bird. His wings are very large 
(buoyancy index, 5.55) and extremely long (aspect ratio, 3.5 to 4.4), 

but his pectoralis plus supracoracoideus muscles are moderate (13 to 

17 percent). 

Ardeidae.—The large leg muscles of the herons are useful for 
wading and stalking prey. The members of this family show a con- 
siderable range in equipment, but the wings of all are rather long 

(aspect ratio, 2.00 to 2.66) and large (buoyancy index, 3.68 to 5.28), 
and all have large flight muscles (20 to 25 percent) except [xobrychus 

(13.89 percent). 

They vary as much in flight as in muscular equipment. Some, like 
the great blue heron, make an awkward start on the takeoff by vigorous 
wing strokes, but once underway the long, slow strokes carry them 

majestically through the air. The black-crowned night heron differs 

from other herons in having a flight more gull-like, being stronger and 
swifter with quicker wing strokes. This is not due to the size of the 

wing muscles, since they are no larger. The least bittern has an 
awkward fluttering flight for a short distance, preferring to escape 
by walking or climbing. However, on long flights he appears strong 
and rather swift despite small flight muscles. The hearts of all herons 
are rather small (0.57 to 0.83 percent). 

The hearts of the Florida subspecies of Butorides virescens are 
heavier (P<o.05) than those of the same species collected in Panama. 
This is also true for individuals of Florida caerulea and Ixobrychus 

extlis from the two localities. The hearts (P<o.o1) and pectoral and 

supracoracoideus muscles (P<0.05) of Tigrisoma lineatum are larger 
than the same features in Heterocnus mexicanus. 

Cochleariidae.—The boat-billed heron is similar to the true herons 
in the size of its flight equipment. It is interesting to note that in an 
immature Cochlearis, at a time when the body had almost attained 

adult weight, the flight muscles were less than half the weight of those 
in the adult, while the leg muscles were nearly the weight of the 

adult’s. The heart of the immature was also very much smaller than 

that of the adult. The early development of the leg muscles was also 
shown in a young Heterocnus mexicanus (250 g.). In this bird the 

legs were half-grown (muscles 5.88 percent of the body) while the 
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flight muscles were little more than one-tenth the value of those of 
the adult (2.28 percent). Likewise, an immature male Podilymbus 
podiceps that had attained the weight of the adult (450 g.) possessed 
flight muscles (7.58 percent) somewhat less than those of the adult, 
while the legs were the size of those of the adult (18.9 percent). The 

wing feathers were just emerging. 

Ciconiidae.—The wood ibis springs powerfully into the air and 
flies higher and higher until almost out of sight, when he sails grace- 
fully on motionless wings in wide circles. His flight muscles are 
somewhat larger (27 percent of body) and his wings narrower (aspect 
ratio, 2.85) than in most herons, but his legs are about the same size 

(10.9 percent). 
Threskiornithidae.—The white ibis walks and climbs nimbly and 

swims well. He flies with strong, rapid strokes, varied with occasional 
periods of sailing. There is nothing unusual about his measurements. 

Anatidae.—Both the pintail (Anas acuta) and blue-winged teal 
(Anas discors) are fast fliers with fairly large hearts (1.23 and 
I.15 percent respectively) and large flight muscles (31.36 and 29.2 per- 

cent). They spring upward from the water and get underway at 
once. The whistling of the teal’s wings is probably due to the rapid 
wing beats, since the wings are small for the weight (buoyancy index, 

2.84). The lesser scaup (Aythya affinis), a rather laborious but steady 

flier, has a buoyancy index of 2.62. Its heart is smaller than that of 

Oxyura dominica (P<0.05) and Anas acuta (P<o.o1). The heart 
of Cairina, in the domesticated form, is smallest of all. The flight 

muscles of the male Catrina are smaller (P<o.o1) than those of the 

female, while the reverse is true for the legs. The supracoracoideus in 
ducks is about one-third that of the “rest” group. Cairina possesses 

the largest legs of all ducks studied. 

Cathartidae.—The flight of Coragyps is inferior to that of Ca- 
thartes. Hehas smaller wings (P<o0.o1) and flight muscles (P<0.05) 

a larger heart and legs (P<o.o1,), and broader wings. Differences 

are also shown between Panama and Florida vultures. The hearts of 
Florida Coragyps (P<o.05) and Cathartes (P<o.o1) are larger than 
those of the Panama species. 

Accipitridae.——Among the hawks, Elanoides is unsurpassed in 
beautiful maneuverings. With his long wings (aspect ratio, 3.40) 

and forked tail he soars aloft to sport among the clouds. The speedy 
accipiters fly by a series of quick flappings followed by short periods 

of rapid sailing. In contrast the Buteo flight is heavy but powerful 

and graceful. Buteogallus anthracinus is similar in flight. 
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The hearts of the Accipitridae are relatively small, ranging from 
0.40 to 0.81 percent. The flight muscles of most of them are of 
moderate size, Chondrohierax and Spizaétus being exceptions. The 

most striking finding is the relatively small size of the supracoracoideus 
(only 0.39 to 0.56 percent of the body). The legs, except in Elanoides, 

are fairly large, and the wings are fairly long. These characteristics 
indicate good fliers but little ability to sustain activity for long periods, 

unless by soaring. The muscles of the lower extremities of many 

hawks are relatively large, and those of the upper extremities are not 
small. Several hawks are strong fliers, although they frequently soar. 

Pandionidae.—The muscles of the osprey resemble those of the 
Accipitridae, but the legs are smaller and the heart is larger than in 

most of the latter. 

Falconidae.—The hearts of falcons are a little larger than those of 

hawks, ranging from 0.53 percent (Micrastur) to 1.11 percent (Poly- 
borus). The supracoracoideus is also somewhat larger than in hawks. 
The wings are narrower in species that are fast fliers. The flight and 

leg muscles of Micrastur semitorquatus are larger than those of 
Micrastur ruficollis, while the wings are much smaller; yet the 

buoyancy index is about the same. 

Cracidae.—In the Cracidae, represented in our study by the chest- 
nut-winged chacalaca (Ortalis garrula) and the black guan (Chae- 
mepetes unicolor), the flight muscles are moderately large (23 to 

26 percent), with the supracoracoideus of fair size (2 to 3 percent). 
These birds are heavy fliers with wings rather moderate in size (buoy- 
ancy index, 3.66) and broad (aspect ratio, 1.38 to 1.51); the leg 
muscles are large (15.7 to 20 percent), while the heart is small (0.48 
to 0.62 percent). 

Phasianidae.—The phasianids are very interesting. Three species 

of quail, natives of widely different parts of the world, possess very 
large flight muscles (Coturnix, 25.6 percent ; Odontophorus, 29.4 per- 

cent ; Colinus, 34.3 percent) and large supracoracoideus (5.66 percent ; 

5.89 percent ; 7.16 percent), with a “rest” nearly the size of the latter 

(4.46 percent; 6.17 percent; 5.53 percent). But the heart of Coturnix 

is about three times the size of that of the other two species (1.00 per- 

cent compared to 0.34 percent and 0.38 percent). The lower extremi- 

ties are large (muscles 12.16 percent, 16.38 percent, and 14.6 percent), 

but the wings are small (buoyancy indices, 2.38, 3.10, 2.62). It should 

be noted that the aspect ratio of Coturnix is higher than that of other 
phasianids (2.15 as compared with 1.56 and 1.74). The powerful 

musculature for flight indicates great bursts of speed although the 
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species with small hearts would have limited endurance. Coturnix, 
with a larger heart, can sustain the flight required in its long migra- 

tions. In the domesticated Gallus gallus (white leghorn) the flight 
muscles and wings are much smaller than in the quail; otherwise the 
values are similar. However, the males are much larger than the 
females and have larger legs (P<o.01) and hearts (P<o.o1). Our 
specimens of Coturnix were raised in captivity, but they have not 
been subjected to selective breeding as has Gallus. 
Numididae.—Numida meleagris, although domesticated, has values 

similar to those for some of the quails except that the heart is about 
twice the size and the wings are somewhat smaller. 
Aramidae.—The limpkin (Aramus guarauna), a slow and infre- 

quent flier, alternating wing beats with sailing, has fairly large flight 
muscles (21 to 24 percent), wings with a buoyancy index of 3.59, 
and large leg muscles (16 percent). Like the rail, he can travel rapidly 

on the ground. His wings are fairly long (aspect ratio, 2.2 to 2.9). 
Rallidae——Many rails dive and swim readily but fly feebly, and 

after a short flight, drop to the ground and run swiftly. Thus their 
flight muscles are small (12 to 17 percent), and their hearts are 
moderate in size, ranging from 0.58 to 0.65 percent. In most species 

the legs are large, especially so in Aramides cajanea (24.8 percent). 
An immature Laterallus albigularis weighing 20.75 grams possessed 

a heart 0.70 percent of body, a pectoralis of only 0.61 percent (adult 
7.0 percent), and lower extremity muscles of 2.51 percent (adult 

17.4 percent). The flight of the purple gallinule (Porphyrula mar- 
tinica) ordinarily seems weak and labored, but on long flights it is 
fairly swift. Both gallinules run with great speed. The coot (Fulica 
americana) is a more vigorous flier than the gallinules. 

Heliornithidae.—The finfoot (Heliornis fulica) resembles the 
rail in all his proportions. He swims much and dives to escape, al- 
though he is a fairly strong flier for short distances. A young female 
weighing 76.05 grams possessed a heart 0.68 percent of the body, 
flight muscles only 8.07 percent compared to 17.64 percent for the 
adult, and lower extremities 9.31 percent of body (adult, 15 percent). 
Jacanidae.—The jacana, which spends much time running over 

lily pads, swimming if need be, has leg muscles somewhat smaller than 
those in rails (10 to 12 percent). He hovers much in flying, using his 
rather large wings (buoyancy index, 3.64). 

Charadriidae.—The plovers are swift runners and strong fliers. 
Such activity is supported by a large heart (1.36 percent), large flight 
muscles (29 percent), and lower extremities of moderate size 

(7.88 percent). 



IO SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

Scolopacidae.—Likewise, the sandpipers, as they run up and down 
the beach or fly swiftly to new hunting grounds, use a fairly large 
flight apparatus (flight muscles, 23 to 32 percent and hearts, 1 to 
1.54 percent) and small to moderate lower extremities (4.5 to 

Q percent). 

Recurvirostridae.—The birds in this group are similar to the 
other shore birds, being equipped for strong flight. 

Laridae.—The flight apparatus of gulls and terns differs in con- 
formity with their respective habits. The slow-flying gulls, which soar 

much, possess rather small hearts (0.85 percent), moderate flight 
muscles, and moderate lower extremities (5 to 6 percent), while the 
more active terns, which dash about and dive for fish, have larger 
hearts (0.84 to 1.08 percent), flight muscles about the same, and 
lower extremities only half the size of those in gulls. 

Rynchopidae.—Skimmers are almost identical with terns with 

respect to their equipment; they are swift and dextrous as they plow 
the surface of the water for food. 

Columbidae.—Doves and pigeons can be divided into two groups 
according to heart size. In one group hearts range from 0.28 to 
0.56 percent of the body; in the other, from 0.93 to 1.29 percent. 
Those of the first group are Leptotila cassini, Leptotila rufinucha, 
Geotrygon costaricensis and Geotrygon chiriquensis, while all other 
species including Leptotila verreauxt, are in the second group. We 
are unable to explain the differences between the two species of the 
genus Leptotila, The contrast in muscle values between Leptotila 
cassim and Leptotila verreauxi, both collected at sea level, is striking. 

The heart of verreauxi is larger (P<o.01), while the pectoral muscles 

of cassini are larger (P<o.01). The heart of Columbigallina passerini 
of Florida is larger than that of Columbigallina talpacoti (P<o0.05) 
of Panama; the heart of Claravis pretiosa is larger (P<o.o1) than 
that of Claravis mondetoura. The flight muscles of all pigeons are 
almost as large in proportion (31 to 44 percent) as those in tinamous, 
and the supracoracoideus is as large or nearly as large as the “rest” 
group. The wings are quite large (buoyancy ratio, 3.0 to 3.65), the 
legs small to moderate (4.5 to 7.8 percent). Both the wild and 

domesticated species of Columba are powerful long-range fliers, while 
Columbigallina flies but short distances. 

Psittacidae.—Parrots are usually strong fliers and make good use 

of their legs. The female Brotogeris is larger than the male. All have 
fairly large hearts (1.03 to 1.52 percent) and large flight muscles 
(25 to 28 percent). The supracoracoideus is one-third to one-half 
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of the “rest” group. Wings of fair size give them a buoyancy index 
of 3.2 to 3.7, and the lower extremities are of medium size (5.5 to 
7.8 percent). The proportions of domesticated Melopsitticus are 
similar to those of the wild forms except that the buoyancy index is 

lower (2.84). 

Cuculidae.—Some cuckoos fly very little, and we have studied 
only those that do more flying. In these, the power of flight varies 
considerably. The hearts (0.50 to 0.94 percent) indicate little staying 
power. The flight muscles are very moderate (14 to 20 percent), 
supporting wings of a high buoyancy index (3.7 to 4.4) and a low 
aspect ratio (1.3 to 1.8), enabling them to fly only slowly. The tails 
are large, and the lower extremities are of considerable size (muscles, 
7 to 15 percent). Anis fly with a series of steady wing beats alternating 

with short sails. The flight resembles somewhat that of the Florida 
jay, being slow and gliding and rather labored. The hearts and flight 
muscles are smaller in Piaya cayana (P<.o1) and Crotophaga ani 

(P<o0.01) in specimens collected at sea level than in the same species 

collected at 4,300 feet elevation. 

Tytonidae.—The barn owl (Tyto alba) may be grouped with the 
typical owls with respect to muscle values, although he has a larger 

wing than most of the others. 

Strigidae.—Ow/ls are able to fly quietly, as their wings are soft, 
very large (buoyancy index, 4.24 to 5.11), and broad (aspect ratio, 
1.8 to 2.7). The flight muscles are moderately powerful (19 to 27 per- 

cent), and the hearts are small to medium (0.31 to 0.89 percent), the 

largest being found in the burrowing owl (Speotyto cunicularis). 

Nyctibiidae—The wings of the Nyctibiidae and Caprimulgidae 

are as large as, or larger than (buoyancy index, 4.36 to 5.19), those 
of owls but with a very high aspect ratio (2.20 to 3.4). The smaller 
heart (0.58 percent) of the potoo (Nyctibius griseus) is in keeping 

with his more limited activity, since he makes but short flights in his 
forays for insects, in contrast with the caprimulgids (0.78 to 1.12 per- 
cent), which sweep the air in sustained flight. 

Caprimulgidae——The pauraque (Nyctidromus albicollis), with a 
longer tarsus and larger lez muscles (8.28 percent) than some other 
caprimulgids, is more active on its feet and can run swiftly. 

Trochilidae.—The hummingbird is the acrobat among birds—none 
equals him in speedy maneuverability. He hovers and flies forward 
or backward at will. Of his large flight muscles, the pectoralis plus 

the supracoracoideus constitute a large proportion. Many species 
show sex differences, and in these species the muscles of the male are 
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always larger than those of the female. Never has the reverse been 
found in the 25 species that I have examined. This sex difference 
applies to the heart in several species, and in Amazilia edward, 
Amazilia tzacatl, Lampornis castaneoventris, and Selasphorus scintilla 

it applies to the heart and pectoralis-supracoracoideus. Hearts range 
from 1.65 to 3.25 percent of the body, pectoralis-supracoracoideus 

from 21.7 to 33.1 percent. The supracoracoideus, ranging from 6.6 
to 12.2 percent, is the largest of all birds studied. The “rest” is small, 

ranging from 1.75 to 4.79 percent, and leg muscles are very small, 

being only a little more than I percent. Wings range from 3.11 to 

5.70 cm.” per gram; tail from 1.57 to 2.95 cm.” per gram; and buoy- 

ancy index from 1.31 to 3.09. 
Trogonidae.—Trogons make short, rapid flights among the trees 

to catch insects. Their flight muscles (29 to 32 percent) are slightly 

larger than those of nightjars. Their hearts are also larger (1.05 to 
1.29 percent), but the wings are smaller (buoyancy index, 3.68 to 
3.91) and much wider (aspect ratio, 1.9 to 2.1) for flight among 

foliage. Like the nightjars, their legs are small (2.4 to 3.1 percent). 
The wings and glide areas of Pharomachrus, Trogon massena, and 
Trogon melanurus are smaller than those of the other three species 

of trogons measured. 
Alcedinidae.—The fairly large wings (buoyancy index, 3.09 to 

3.68) enables the kingfisher to fly swiftly in short flights. The hearts 
of these birds are large, especially in the smaller species (1.02 to 
1.35 percent). The flight muscles (24.5 to 26 percent) are about the 
size of those in the nightjars, and the legs are small (2.48 to 3 percent). 
Momotidae.—Motmots perch for long periods in one place (lower 

extremities 6 percent). Their flight is undulating, their wings are 
large (buoyancy index, 3.85) and broad (aspect ratio, 1.70), and they 
have long, ornamental tails. The small hearts are indicative of limited 
activity (0.39 to 0.49 percent). 

Bucconidae.—Although most species of puffbirds are sedentary, 
they sally forth occasionally to capture insects (flight muscles, 24 to 
28 percent ; buoyancy index, 3.4 to 3.56). Their lower extremities are 

of moderate size (4 percent), and their hearts are small 0.45 to 

0.58 percent). 
Capitonidae.—Barbets are weak fliers (flight muscles, 18.7 per- 

cent) but have large lower extremities (9.4 percent) and larger hearts 
(0.74 percent) than do the puffbirds, although they also remain in one 
spot for a long time. 

Ramphastidae.—The restlessly active toucans are weak fliers 
(flight muscles, 20 to 23 percent; hearts, 0.62 to 0.81 percent), but 
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they have large lower extremities (9 to 12 percent). Specimens of 

Pteroglossus torquatus found at sea level are smaller (P<o0.05 for 
males, and P<o.o1 for females) and have a smaller heart (P<o.or) 

than those of Pteroglossus frantzu obtained at 4,300 feet above sea 

level. Pectoralis plus supracoracoideus muscles show corresponding 

proportions in the two species. 

Picidae.—The woodpecker, aptly called “carpintero” by Spanish- 

speaking natives, devotes much of his time to chiseling holes in tree 
trunks for food or nest. His legs (6 to 11 percent) and his heart 
(0.81 to 1.41 percent) are fairly large. Sizable flight muscles (22 to 
29 percent) and large and broad wings (buoyancy index, 3.39 to 4.25; 
aspect ratio, 1.62 to 2.07) give him the power for his characteristic « 

undulating flight marked by a series of graceful dips. The largest 

woodpeckers studied, of the genus Phloeoceastes, possessed the small- 
est wing and glide areas but the largest legs. The downy woodpecker 
flies rapidly, the pileated woodpecker, slowly but vigorously, at times, 
like a crow, otherwise in short swings and dips like other woodpeckers. 

Dendrocolaptidae.—Woodhewers, like the woodpeckers, climb 

trees in search of food, frequently making short, strong flights to a 
new tree, where the quest is repeated. The hearts are large (1.10 to 

1.48 percent) in the smaller species and of medium size (0.65 to 
0.93 percent) in the others. The pectoralis plus supracoracoideus 

muscles are larger in the male than in the female in Xiphorhynchus 

guttatus and Lepidocolaptes affinis (P<o.01). The legs are similar 

in size to those of the woodpeckers. The buoyancy index is large 
(3.65 to 4.20). 

Furnariidae.—In the ovenbirds there is a wide variety of habits, 
ranging from those of terrestrial species to those of species that climb 
trees, bracing with the tail. Flight is weak to strong (flight muscles, 
16 to 30 percent), and the wings are large (buoyancy index, 3.0 to 
4.0). As might be expected, the muscles of the lower extremities are 
large (8 to 13 percent). The heart muscles are moderate (mostly 
1.0 to 1.16 percent) except in Anabacerthia (1.49 percent) and 
Automolus (1.48 percent). 

Formicariidae.—Like the ovenbirds, antbirds may be arboreal or 

terrestrial. All have large muscles in the lower extremities (8 to 

I4 percent) but small to medium flight muscles (16 to 23 percent) 
except for Formicarius (30.5 percent). As in other birds that fly 

among close vegetation, their wings are large (buoyancy index, 3.15 to 

3.75) and broad (aspect ratio, 1.45 to 1.59). Hearts range from 
0.58 to 1.26 percent, 
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Pipridae.—Among the manakins, Corapipo and Schiffornis have a 
high heart value of 1.50 percent, compared to 1.06 percent for 
Manacus and 1.11 percent for Pipra. In view of the practice of 

dancing on the part of the male, larger leg muscles than in the female 
might be expected. In Corapipo we found no great difference, but in 

Manacus the leg muscles of the male were larger than those of the 

female (11.91 percent compared to 8.42 percent). Moreover, the leg 
muscles of Manacus were larger than those of other manakins. Lowe 
(1942) mentions that the pectoralis and thigh muscles of the male 
are very well developed. 

Cotingidae.—The cotingas, birds of the forest, are peculiar to the 

warmer parts of the Americas. Arboreal in habit, they possess strong 

flight equipment for movement among the tree tops (22 to 33 percent 

flight muscles; buoyancy index, 3.28 to 4.83; aspect ratio, 1.65 to 
2.00). The hearts are large (1.11 to 1.45 percent) and the legs 
moderately so (5.15 to 8.18 percent). 

Tyrannidae.—The tyrant flycatchers constitute one of the largest 

families of American birds (365 species, according to Van Tyne and 
Berger). Those found south to Panama are mostly arboreal, darting 
from a strategic perch to capture insects. There is great variation in 
their musculature, heart size ranging from 0.71 to 1.88 percent and 
flight muscles from 16 to 33 percent. Large and broad wings (buoy- 
ancy index, 3.39 to 4.71 ; aspect ratio, 1.46 to 2.05) give great maneu- 

verability. The muscles of the lower extremities show considerable 

range (3 to 7.35 percent). Their adaptations for catching prey or for 
bold attacks in defense of territory are quite varied. The genus 

Todirosirum in proportion to its size has much larger muscles of the 
lower extremities and smaller flight muscles than do other members 
of the family. 

Hirundinidae.—As swallows spend much time in the air, their 
legs are very small, being used only for perching (lower extremity 
muscles, 1.80 to 2.84 percent), yet their flight muscles are not unusu- 
ally large (19.7 to 25 percent). All except Progne have very large, 
narrow wings (buoyancy index, 4+; aspect ratio, 2.3 to 2.6) and 
fairly large tails. 

Corvidae.—The jay family contains the largest passerine birds and 
some of the most aggressive ones. Although fairly strong fliers (flight 
muscles, 20 to 25 percent ; buoyancy index, 3.4 to 4.7), they use their 
feet extensively in walking and manipulating food (lower extremity 
muscles, 10 to 15 percent). Their hearts are of moderate size (0.85 
to 1.0 percent). 
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Paridae.—Titmice display restless, acrobatic activity ; they use their 
feet to hold prey. Their hearts are large (1.35 to 1.49 percent), the 
flight muscles (23 to 27 percent) and leg muscles (7 percent) fairly 
so. They are weak fliers, and the wings are typical of perchers. 

Sittidae—The nuthatches are similar to the titmice in muscular 
proportions but somewhat different in habits. They not only hop over 
the bark looking for food, but the red-breasted nuthatch also catches 
insects in the air like a flycatcher. 

Certhiidae.—The creepers are good fliers, possessing large hearts 
(1.48 percent) and large wings (buoyancy index, 4.22) and tails 

(2.25 cm.2 per. 2.) 
Troglodytidae.—The members of the fairly large family of wrens 

are weak fliers and do much running around in exploring for food 
and in other activities; as might be expected, their leg muscles are 
large (10 to 13 percent). Hearts (0.86 to 1.19 percent), flight muscles 
(16 to 20 percent), and wings (buoyancy index, 3 to 3.39) are 

moderate in size. 

Mimidae.—Mockingbirds and thrashers show values much like 
those of wrens but have smaller leg muscles (8.0 to 9.7 percent). Al- 
though partly arboreal, they also do much feeding on the ground. 

Turdidae.—The above remarks concerning the Mimidae apply 
also to the thrushes, except that the latter possess large flight muscles 
(20 to 36 percent). 

Sylviidae.—The smaller gnatcatchers may also be described in 
much the same way as the wrens, above. 

Motacillidae.—Although the pipits are terrestrial in their habits, 
running about rapidly, their leg muscles are of only moderate size 
(6 percent). They are powerful and swift fliers, having fairly large 
flight muscles (28 percent), large, broad wings (buoyancy index, 3.66; 
aspect ratio, 1.77), and large hearts (1.57 percent). 

Bombycillidae.—Waxwings have flight power similar to that of 
the pipits, but their wings are somewhat smaller (buoyancy index, 

3.29) and narrower (aspect ratio, 2.13). Their hearts are large 

(1.54 percent). 

Ptilogonatidae.—The silky flycatcher (Ptilogonys caudatus) has 

a large heart (1.33 percent) and a high buoyancy index (3.80). 
Laniidae.—The loggerhead shrike (Lanius Iudovicianus) makes 

brief, swift flights through the air to seize a victim, but his muscles 

are moderate in size. 

Sturnidae.—The common starling (Sturnus vulgaris) is a very 

active bird with rather small, narrow wings (buoyancy index, 3.17; 
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aspect ratio, 2.19) and fairly large legs (7.76 percent). In short flights 

he appears slow and feeble, but on long journeys he flies strongly and 
swiftly. 

Cyclarhidae.—Concerning peppershrikes it need only be noted 
that they have large leg muscles (9.46 percent) and that their flight is 

deliberate and weak. 

Vireonidae.—Vireos, feeding mostly among the leaves, are moder- 
ately endowed with muscles: heart, 1.06 to 1.43 percent; flight 
muscles, 21 to 25 percent; leg muscles, 5.89 to 7.63 percent. They 
do, however, have large wings (buoyancy index, 3.44 to 3.88). 

Coerebidae.—Honeycreepers, being quick in the air, have flight 
muscles ranging from 23 to 34 percent and large hearts (1.25 to 
1.44 percent). Their wings are large (buoyancy index, 3.37), but 
their legs are only moderate in size (muscles, 5 to 8 percent). 

Parulidae.—Although the wood warblers range from the treetops 
(black-throated green warbler) through lower levels of the forest 
(magnolia warbler) to the ground (Kentucky warbler), their flight 

muscles do not differ greatly, as their activities in the air are similar. 
These muscles are not large, ranging mostly from 20 to 25 percent of 
the body, with many around 22 percent. The wings (buoyancy index, 

3.27 to 4.16) and tails are large, making the glide area as high as 
IO cm.? per gram in some species. The muscles of the lower extremi- 
ties are largest in Basileuterus (9 to 10 percent) and as low as 5 per- 

cent in others. The hearts range from 0.95 to 1.39 percent. 

Ploceidae.—The house sparrow (Passer domesticus) is typical of 

many small perchers; large heart (1.39 percent) and flight muscles 

(25.4 percent) ; wings designed for quick takeoff (buoyancy index, 
3.05; aspect ratio, 1.88) ; and moderate lower extremities (muscles, 

6.47 percent). 

Icteridae.—Icterids show characteristics similar to those given 
above: hearts, 0.85 percent in Sturnella magna to 1.2 percent in 
Icterus galbula; flight muscles, 19 percent in Amblycercus to 28 per- 
cent in Leistes; buoyancy index, 3.13 for Sturnella to 4.4 for Cacicus ; 

aspect ratio, 1.31 for Amblycercus to 2.03 for Psarocolius; lower 

extremities, 7.46 percent for Icterus spurius to 15.2 percent for 

Amblycercus. 

Thraupidae.—Thraupids show a greater range in heart size than 
the fringillids, Rhodinocichla possessing the smallest (0.63 percent), 
the male Habia rubica the largest (1.46 percent). Flight muscles 

also show a somewhat greater range: 1 percent in Chlorospingus and 

29 percent in Thraupis. Buoyancy index likewise runs from 2.82 in 
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Tanagra to 3.98 in Habia, while the aspect ratio is only 1.47 in 
Rhodinocichla but reaches 1.89 in Piranga rubra. The muscles of the 
lower extremities are from 5.19 percent in Tanagra luteicapilla to 
11.36 percent in Rhodinocichla. 

Fringillidae—This almost worldwide group of birds, feeding 

everywhere that seeds are to be found from the ground to the treetops, 

shows a great range of locomotor equipment. Their hearts vary from 
0.60 percent in Pezopetes to 1.57 percent in the male Saltator maximus, 

and flight muscles show as great a range (19.5 to 29 percent). The 

buoyancy index of the wings ranges between 3.09 and 3.72, the aspect 
ratio between 1.42 to 1.88. The highest values for muscles of the 
lower extremities are more than twice as high (13.2 percent) as the 

lowest (5.43 percent). 

After this survey of the variations in the families, let us compare 
the locomotor organs individually. 

HEARTS 

Since the heart limits the activities of a bird, it is proper to consider 
it first. Whatever the size of a musculature, it cannot act for long 

without an adequate circulation. Thus the tinamou, with its tremen- 
dous breast muscles but very small heart, can make only short flights. 
On the other hand, birds with only a moderate equipment of muscles 
can fly for long periods if they possess large hearts. It is this relation- 
ship between the heart and the locomotor muscles that we wish to deal 
with primarily, but there are other factors which also must be con- 

sidered, namely, sex, season, latitude, and altitude. 

Sex.—Whenever there is evidence of sex difference in the relative 

weight of the heart, the sexes are separated for consideration. In the 
following species the hearts are heavier in the male than in the female: 
Gallus gallus, Phaethornis guy, Anthracothorax nigricollis, Chlorostil- 
bon canivetu, Damophila julie, Amazilia edward, Amasilia tzacatl, 

Elvira chionura, Lampornis castaneoventris, Selasphorus scintilla, 
Sittasomus griseicapillus, Cranioleuca erythrops, Anabacerthia striati- 

collis, Mitrephanes phaeocercus, Thryothorus modestus, Habia rubica, 

Habia fuscicauda, Saltator maximus, and Pipilo erythrophthalmus. 

Heavier hearts in males may also hold for other species, but the 

number of individuals available is not always sufficient to settle the 
question. 

Seasonal variation—A difference in relative heart size is noted in 
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certain Florida birds collected in June as compared with those obtained 
in the winter months, as shown in table 2 (p. 88). 

Latitude.—A difference in heart size is noted in a few species col- 
lected in Florida compared with the same or closely related species 

obtained in Panama, the hearts of Florida birds being larger. These 
species are Butorides virescens, Coragyps atratus, Cathartes aura, and 

Sturnella magna. 

Altitude—Larger hearts are present in some species at higher alti- 
tudes when compared with other species of the same family at lower 
altitudes. Specimens of Crotophaga ani and Piaya cayana obtained at 
4,500 feet have larger hearts than those of the same species obtained 

at sea level (P<o.0r). 

In general the smaller birds have relatively larger hearts than large 

birds. The lowest values appear for the tinamids, followed by the 
strigids, nyctibiids, momotids, and bucconids, with others of lesser 

deviations from the mean. The highest values emerge for the trochi- 
lids, hirundinids, motacillids, and bombycillids. Comparison of the 

heart weight with the habits of the bird leads one to the conclusion 

that heart weight is directly related to the ability to sustain power 
flight. 

The muscles of locomotion show even greater variation. I shall 
consider first the muscles used in flight. As already indicated, we 
weighed all the muscles involved except the small muscles along the 

carpals, metacarpals, and phalanges. 

FLIGHT MUSCLES 

Sex, latitude, and altitude appear to have some influence in muscle 
size in a few species. 

Sex.—In Cairina moschata (domestic) the female possesses flight 
muscles that are larger than those of the male, while in Micrastur 
ruficollis, Phaethornis guy, Amazilia amabilis, and Manacus vitellinus 

flight muscles are larger in the male. In other species our data are 
insufficient to determine the sex differences in the more inclusive flight 
muscles, but in the more limited combination of pectoralis plus supra- 
coracoideus, where we have more data, these muscles are larger in the 

male than in the female of Pelecanus occidentalis, Micrastur ruficollis, 
Amazilia amabilis, Amazilia edward, Amazilia tzacatl, Lampornis 

castaneoventris, Selasphorus scintilla, Pharomachrus mocinno, Sit- 

tasomus griseicapillus, Xiphorhynchus guttatus, Lepidocolaptes affinis, 

Anabacerthia striaticollis, Myiarchus tuberculifer, Empidonax flaves- 
cens, Mitrephanes phaeocercus, Thryothorus modestus, Tangara ic- 
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terocephala, Thraupis espicopus, Piranga leucoptera, Habia fuscicauda, 
and Saltator maximus. In only two species, Jacana spinosa and Vireo 
philadelphicus, were the pectoralis plus supracoracoideus larger in the 
female than in the male. 

Latitude——The pectoralis plus supracoracoideus muscles were rela- 
tively heavier in Panama specimens of Florida caerulea and Cathartes 
aura than in birds of the same species collected in Florida. 

FLIGHT MUSCLES 
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Fic. 1.—Selected plottings (see asterisks in table 1) of upper extremity muscle weights 
against body weights (log scales). 

Altitude —In Piaya cayana and Crotophaga ani both flight muscles 
and pectoralis plus supracoracoideus were relatively heavier in high- 
altitude birds (4,300 ft.) than in these species collected on the Rio 
Chagres. Likewise the pectoralis plus the supracoracoideus were 
heavier in Pteroglossus franteti (collected at 4,300 ft.) than in 

Pteroglossus torquatus obtained on the Rio Chagres. 

For an overall comparison of the flight muscles, selected species 
from each family have been plotted on a logarithmic scale (fig. 1). 
If one draws a line through the values for the heavier birds, it will 
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be seen that many of the birds less than 200 grams in weight are 
decidedly above this line, only the Rallidae, Cuculidae, and Podici- 
pedidae falling below. 

Since the pectoralis (pectoralis superficialis or p. major) is the most 
important muscle in depressing the wing, it was also treated separately 
(fig. 2). It will be seen that the divergences from a straight line are 

PECTORALIS 
grams 

PELE CANIDAE 
CIGONIIDAE—e “ 

CATHARTIDAE 

CRACIOAE Z-PANDIONIDAE 

ARAM!DAE =——_NUMIDIDAE 
THRESKIORNITHIDAE.\ 4 ANHINGIDAE 

NIDAE e—- PHALACROCORACIDAE 
ANATIDAE-* we AGCIPITRIDAE 

A GOCHLEARIIDAG gc cun nen 

PHASIANIDAE LARIDAE 
TINAMIDAE, \ TTY TONIDAE 

eo RYNCHOPIDAE 
MOTIDAE 

“a NYCTIBIIDAE 
CHARAORIIDAE 

PSITTACIDAE | RAMPHASTIDAE 
STURNIDAE he 
COTINGIDAE ary ' 

TROGONIDAE RGRORNIBAE 
COLUMBIDAE \\ o———— COR VIDAE 
TYRANNIDAE QT HELIORNITHIDAE 

FRINGINITIOAE \ JACANIDAE 
BOMBYCILLIOAE XN «__ SPODIGIPEDIDAE 
TURDIDAE \ CUCULIDAE 
pLoceroar\ | —capmimuceioae 

reipanions \ \ MIMIDAE 
PARIDAE SCOLOPACIDAE 

THRAUPIDAE oe CLARHIDAE 
PARULIDAE o—— FORMICARIIDAE 
PIPRIDAE TC APITONIDAE 

VIREONIDAE R 
MOTACILLIDAE, 
HIRUNDINIDAE7p 

DENDROCOLAPTIDA 

TROCHILIDAES TROGLODYTIDAE 
*4CERTHIIDAE 

SYLVIIDAE 

6 610 20 40 60 100 200 400600 1000 2000 4000 

BOOY grams 

Fic. 2.—Selected plottings of pectoralis superficialis muscle weights against body weights 
(log scales). 

not only different, but sometimes greater than those observed for the 
flight muscles as a whole. Those with a large pectoralis also have large 
flight muscles, and vice versa. Examples of those with a relatively 

large pectoralis are found in the tinamids, threskiornithids, anatids, 
phasianids, charadriids, columbids, psittacids, trochilids, trogonids, 

cotingids, motacillids, coerebids, and thraupids. Those with a rela- 
tively small pectoralis are the podicipedids, phalacrocoracids, some 

ardeids, some accipitrids, rallids, heliornithids, cuculids, formicariids, 

and troglodytids. 

Although there is a tendency toward similarity among different 
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species in the same family, it will be recalled that there are some 
exceptions. In the herons the range of the pectoralis is from 10 to 
17 percent of the body weight; in the flycatchers, from 12 to 22 per- 
cent ; in the swallows, from 14 to 21 percent. 

Supracoracoideus.—The supracoracoideus, one of the principal leva- 
tors of the wing, appears to be of little importance in many birds, 
judging from its size. In our studies it ranged from about 0.40 percent 
of the body in species of the genus Buteo to 11.5 percent of the body 
in the trochilids, or 1.8 to 30 percent respectively of the flight muscles. 
High values (table 1) are found in Crypturellus, Chamaepetes, Odon- 

tophorus, Numida, Capella, trochilids, doves, Pyrrhura, and Manacus. 

Low values appear in Phalacrocorax, Buteo, Pandion, Caracara, Piaya, 

Tyto, and Pulsatrix. The supracoracoideus of Nyctibius (3.18 percent 
of the flight muscles) is much smaller than that of Nyctidromus 
(6.9 percent of the flight muscles). There is a great difference in this 

muscle in Manacus (14.2 percent of flight muscles) as compared to 

that in Chiroxiphia (6.0 percent of flight muscles). Likewise, this 
muscle is larger in Cotinga ridgwayt (7.76 percent of flight muscles) 
than in Querula (4.56 percent of flight muscles). 

The range of supracoracoideus among different families is shown in 

figure 3. It will be noted that the greatest differences are to be found 
in the larger birds, the muscle being largest in those birds that make a 

quick takeoff. It is especially small in cuculids, tytonids, and strigids. 

“Rest.”—The combined muscles of the shoulder, brachium, and 

forearm (except those noted above), which appear in the table under 
the heading “Rest,” are shown in figure 4. With fewer exceptions 
than in the other muscle groups, they tend to follow a straight line. 

Among the lowest are the grebes, rallids, certhiids, and sylviids. 

Division of this group of muscles into shoulder, brachium, and 

forearm shows variations among the different families and among 
some species of the same family. This has been done for 67 species 

distributed among 32 families. Typical examples have been chosen 

in table 3 (p. 89). The shoulder group shows low values in Anhinga 
(1.04 percent), Ardea (1.47 percent), Polyborus (1.60 percent), 

Ereunetes maurt (1.13 percent), Thalasseus (1.37 percent), Columba 

livia (1.26 percent), and Crotophaga (1.60 percent). It was high in 
Tinamus (3.44 percent), Heterocnus (3.07 percent), Chondrohierax 

(3.30 percent), Ortalis (3.34 percent), Colinus (3.42 percent), Co- 

lumba speciosa (3.15 percent), Megaceryle (3.25 percent), and Mnio- 

tilta (4.46 percent). These muscles were larger in Colinus (3.42 per- 

cent) than in Odontophorus (2.05 percent) and Gallus (1.61 percent). 
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The muscles of the brachium are usually heavier than those of the 
forearm, especially in the anatids, Coragyps, Megaceryle, picids, 

Synallaxis, Muscivora, Iridoprocne, corvids, parulids, icterids, and 

fringillids. 
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Fic. 3.—Selected plottings of supracoracoideus muscle weights against body weights 
(log scales). 

LOWER-EXTREMITY MUSCLES 

Muscles of the lower extremities vary much in size because of the 
great difference in degree of activity. In some birds they are used 
little, even for perching, while in others they may be the essential 
means of locomotion or may serve as important tools in obtaining 
food. Examples of typical species in the various families are shown 
in figure 5. The smallest muscles (1.2 to 3 percent) are found in 
trochilids, nyctibiids, alcedinids, and hirundinids ; the largest are found 
in the tinamids, podicipedids, cathartids, cracids, phasianids, and 

rallids (14 to 23 percent). They are larger in the male than in the 

female in Catrina and Gallus (table 1). 
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Separation of the lower extremity into thigh and leg was done in 
the same specimens in which the muscles of the upper extremity were 
separated. The variation of the proportion of thigh to leg muscles is 
usually not great (table 4, p. 90). In many birds the thigh muscles are 
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Fic. 4.—Selected plottings of “rest” muscle weights against body weights (log scales). 

nearly equal to those in the lower leg; when they are unequal, it is 

usually the thigh that is larger. Exceptions are Phalacrocorax, some 
ardeids, and Buteo lineatus, in which the thigh muscles are smaller. 
Comparison of a domesticated phasianid, Gallus, with a wild species, 

Odontophorus, is interesting. The lower extremity muscles that are 
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still used by the domestic form are the same size as in the wild form, 
but the pectoralis and supracoracoideus muscles are less than half 
the size of those of the wild form, as is also the wing area. 

MUSCLES, LOWER EXTREMITY 

groms 

400 

PELECANIDAE 

CATHARTIDAEr* 

NUMIDIDAE—® 
ACCIPITRIDAE., e————CRACIDAE 

*———TINAMIDAE 
ARAMIDAE—e e “PANDIONIDAE 

; PHALACROCORACIDAE 
STRIGIDAE—**. o_ ANHINGIDAE 

*CICONIIDAE 

200 

100 
80 ARDEIDAE——*® “FALCONIDAE 

TYTONIDAE e—THRESKIORNITHIDAE 
60 © o—— COCHLEARIIDAE 

NYCTIBIIDAE~» o————- PHASIANIDAE 

a0 —ANATIDAE 

HELIORNITHIDAE, 20 
PODICIPEDIDAE—* 

A Scanian es @———— RAMPHASTIDAE 

“LARIDAE 

10 CORV!DAE—»s——_——— JACANI DAE 

8 CHARADRIIDAE~ |g —--MOMOTIDAE 
6 COTINGIDAE—e___ 

MIMIDAEW. STURNIDAE 

PSITTACIDAE—————* BUCCONIDAE 
. FRINGILLIDAE * ALCEDINIDAE 

CAPITONIDAE we CAPRIMULGI CYCLARHIDAE—«)) "== eanatpAG TROGLOD/TIDAE ~~ 
PIPRIDAE—. P——RALLIDAE COLUMBIDAE 2 IGTERIDAE— “a a *—— PTILOGONATIDAE THRAUPIDAE ———* SK Trrosonioae SITTIDAE TURDIDAE 

COEREBIDAE SCOLOPACIDAE 
a VIREONIDAE—— SS PLOCEIDAE 

DENDROCOLAPTIDAE—~¢ SARECOTOLL ORE 
0.8 MOTACILLIDAE——e FURNARIIDAE aa PARIDAE 

PCR TRANG AE PARULIDAE 
SYLVIIDAE—* 

e“HIRUNDINIDAE 

0.2 

TROCHILIDAE-e 

4 6 8610 20 40 60 100 200 400600 1000 2000 

BOoOY grams 

Fic. 5.—Selected plottings of lower-extremity muscle weights against body weights 
(log scales). 

BODY AREAS INVOLVED IN FLIGHT 

The surface areas involved in flight are the wings used in propulsion, 
the tail and wings for steering, and the tail and body for gliding or 

soaring. The wing and glide areas for typical examples of each 
family are shown in figure 6. 
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WINGS 

In general, the smaller birds show less divergence and have larger 
wings than the heavier birds. Exceptionally small wing areas are 
present in rallids, podicipedids, tinamids, anatids, cracids, scolopacids, 

and phalacrocoracids. Large wing areas are found in several small 
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Fic. 6.—Selected plottings of areas for wings (low end of vertical lines) and glide (high 
end of vertical lines) against body weights (log scales). 

tyrannids, especially Mitrephanes; in other families in Sittasomus, 

Xenops, and Myrmotherula, hirundinids, Sitta, and several parulids. 

Sex.—The wings of the males in the following species are sig- 
nificantly larger than those of the females: Buteo lineatus (P<0.05), 
Tanagra icterocephala (P<o.01), Tanagra guttata (P<o.o1), Tana- 
gra gyrola (P<0.05), Saltator maximus (P<o.01), and Pipilo eryth- 
rophthalmus alleni (P<o.o1). In Cassidix mexicanus the wings are 

larger in the female than in the male (P<0.05). 

Altitude —M omotus momota collected at sea level has larger wings 

than the same species collected at 4,500 feet above sea level (P<o.01). 

Among the piprids, Corapipo collected at 4,500 feet elevation has wing 
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and glide areas nearly twice those of Manacus collected at sea level, 
but this may not be an altitude effect. 

Ratio of buoyancy index.—Values for the buoyancy index are 
shown in table 1. Cathartes tops the list with 5.86. Nyctibius and 
Casmerodius tie for second place, and Pandion is third, Tyto fourth, 

Coragyps fifth, and Cochlearius sixth. The lowest is Manacus (2.79). 

ASPECT RATIO 

The ratio of the length to the width of the wing, or aspect ratio, 

indicates the adaptation for soaring or quick takeoff—the long, narrow 
wing (high ratio) for soaring, and short, broad wing (low ratio) for 
prompt takeoff. Most small birds possess a low ratio, the cuckoo being 
the lowest. Exceptions are goatsuckers, trogons, potoo, shore birds, 
swallows, and hummingbirds, which are high, the last three being the 

highest. Of the heavier birds. Chaemepetes is the lowest, while the 
gull, frigate-bird, and pelican are the highest of all birds studied. The 
barn owl has a longer wing than the other owls that we have studied. 
Corvus has a much larger aspect ratio than the other corvids observed. 

TAIL AREAS 

The relative size of the tails is shown in figure 7. The tails in grebes 
were so small that they were not measured. They are small in shrikes, 
rails, jaganas, and tinamous, and large in Fregata, Anhinga, falconids, 

cracids, cuculids, some strigids, the nyctibiids, caprimulgids, trogons, 

dendrocolaptids, furnariids, tyrannids, corvids, parids, mimids, tur- 

dids, sylviids, Ptitlogonys, and fringillids. Hummingbird tails are rela- 

tively the largest of all. The tail of the turkey vulture is larger than 
that of the black vulture. 

The size of a tail does not necessarily indicate its effectiveness, since 
it may be an ornament as in the male quetzal. However, in most 
instances it can be a factor in steering, gliding, or soaring. 

GLIDE AREAS 

The combined areas of wings, tail, and body make what we have 
called the glide area. An examination of table 1 will show that these 
areas tend to parallel the wing areas (see fig. 6). This is to be ex- 

pected, since the wings constitute a large proportion of the total, the 
tail being relatively small in most instances. In those birds in which 

glide areas are much larger than the wing areas, the large tails usually 

account for the increase, as in trogons and cuckoos. In a few birds 



NO. I LOCOMOTOR MECHANISMS OF BIRDS—-HARTMAN 27 

the wings are largely responsible for the glide area. This is true for 
wrens, tinamids, the stilt, grebes, herons, and some others. 

DISCUSSION 

All values in this study are based on body weights, which, of course, 

vary with the state of nutrition, hydration, and food content. By using 
only healthy, well-nourished birds and collecting them during the 
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Fic. 7.—Selected plottings of tail areas against body weights (log scales). 

morning hours, the conditions are standardized as well as could be 
expected. In a few species that have large capacity and gorge them- 

selves periodically, food contents should be considered. By having a 
sufficient number of individuals in a species, these variables are re- 
duced. When values are far from the mean, as occurs occasionally, 

they have not been included. 

Our observations show that muscle weights are related to activity. 
Muscles represent potential power but do not indicate the extent of 
their use. A large muscle may produce powerful contractions, either 
brief or sustained depending upon the heart that supports it. A small 
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muscle, while not powerful, can continue contraction for a consider- 
able period if supplied with oxygen and fuel. The flight muscles tend 
to parallel the performance in the air, while the muscles of the lower 
extremities are related to their use for locomotion or for acquiring 

food. Most important of the muscles is the heart, since it is the 

driving force that circulates oxygen and nutrients and removes waste 
products. A small heart limits activity, while a large one can maintain 

it much longer. 

We had previously found no difference between the sexes in the 
relative heart weight (Hartman, 1955), but in the present survey we 
observed that in 19 species the heart in the male was relatively heavier 
than in the female; if more data were available the list might be 

increased. This difference occurred in small or relatively small birds, 

with the single exception of Gallus. In some species the males are more 
active than the females, but we cannot say whether this was so in the 
IQ species in which a difference was observed. Groebbels (1932) 

noted a difference in heart size between the sexes in some species. 

In my earlier paper (Hartman, 1955) evidence suggesting a sea- 

sonal difference in heart weight was presented, but the number of 
individuals was too small to make the findings significant. This short- 

coming was obviated in the present work in the case of a few species 
by the inclusion of a sufficient number of individuals. Birds collected 
in January and February possessed hearts larger than those obtained 
during June, a finding contrary to the suggestive evidence in the 
former paper. Such a difference could be explained by the higher 
rate of metabolism in the cooler weather. In keeping with this inter- 

pretation we find that certain species living in Florida possess larger 
hearts than the same species from Panama. Since many Cathartes 
aura migrate to the south in winter, the season when our Panama birds 

were collected, the question has been raised as to the identity of some 

of these birds. Whether they were migrants or not, there were very 
significant differences in the hearts and pectoralis plus supracora- 

coideus muscles between the two groups. 

If altitude is a factor in increasing the heart size, why do not more 
species show the effect? Some of those that have larger hearts at the 

higher altitude are not very active (e.g., cuckoos). Perhaps additional 

data would extend the difference to more species. Stieve (1934) com- 

pared heart size in Lagopus mutus mutus and L. lagopus lagopus, 

both from the same altitude (400 to 700 m.). The alpine grouse 

(L. m. mutus) at this low level has a distinctly larger heart than the 

moor grouse. Therefore in these instances it is a species difference 
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rather than an altitude effect. Stieve also compared hearts of Lyrurus 
lyrurus tetrix from different altitudes. Birds from higher levels 
(1,800 to 2,000 m.) possessed definitely smaller hearts than those 
living at 50 meters. The same could be shown in other species. Several 

authors (e.g., Parrot, 1893, and Rensch, 1948) have concluded that 
birds flying great distances or living in northern latitudes or high 
altitudes possess larger hearts than those less active or living in warmer 

climates. 

A thorough study of the muscles used in locomotion should include 

the weight of each individual muscle because of the variation from 
species to species. Since this is impossible in an extensive survey, only 
the larger muscle groups have been weighed. The pectoralis super- 

ficialis is the most important in flight, as it depresses the wing, while 
the supracoracoideus is the principal levator of the wing. The re- 
mainder of the flight muscles (called “rest” in our study) also play an 
important role in the flight, whether it be in maneuvering or “setting” 

the wing for the action of the “power” muscles. 

The flight muscles constitute a considerable proportion of many 

birds, varying from 14 to 40 percent. The percentage is lowest in 
those birds that use them least, but on the other hand, large size does 
not always indicate extensive use. The tinamou has very large flight 

muscles but makes only short flights. The flight muscles of the 
hummingbird, which spends much time in the air, are also relatively 
large, but not to be compared with those of the tinamou. The muscles 
of Colinus, Chaemepetes, and some trogons are relatively just as large 
as those of the hummingbird but are used much less. 

The pectoralis superficialis, much the largest of the flight muscles, 
has received the most attention, but some authors have exaggerated 

its size. Stillson (1954) says, “In good fliers the pectoral muscles 
account for a large part of the total bird.” Although Shufeldt (1890) 
said that in all the birds possessed of the power of flight, the pectoral 
muscles are second to none in importance, this is not true for grebes 

and some of the rails. In the former the leg muscles range from 

15 to 18 percent, whereas the whole flight musculature is 14 percent 

or less. In Aramides the leg muscles are 24 percent, while the flight 

muscles are less than 17 percent. 

Calculated from Fisher’s (1946) data, the combined volume of all 

muscles that may aid in depressing the wing constitute 62.7 percent 

of the wing musculature in Cathartes and 56.2 percent in Coragyps. 

Of these the pectoralis superficialis is 60.5 percent of the total in 
Cathartes and 54.1 percent in Coragyps. The volume of all muscles 
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that may aid in raising the humerus is 15.9 percent of wing muscula- 
ture in Coragyps and 12.3 percent in Cathartes, while the supra- 
coracoideus is only 6.50 percent of all wing muscles in Coragyps and 
4.40 percent in Cathartes. In our studies we did not determine the 

weight of all muscles used in raising the humerus, singling out the 

supracoracoideus because it was the most important and was easily 

dissected. 
It has been reported by Owen (see Shufeldt, 1890, p. 73) that the 

supracoracoideus is almost the largest of the breast muscles in pen- 
guins, guillemots, and gulls. It was pointed out that more effort was 
required to raise the wings in the water than in the air. Divers such 
as the grebe (Podiceps dominicus) that use their feet for propulsion 
under water possess a small supracoracoideus. According to experi- 

ments of Convreur and Chapeaux (1926), all birds that fly require 
the muscles that raise the wings. After these muscles were severed 
in pigeons, it was not possible for the birds to launch themselves into 
the air or, when released from a height, to attain any semblance of 

sustained flight. 

As was to be expected, the largest pectoralis was found in powerful 
fliers, either those accustomed to long sustained flight or those that 
fly for short distances at high speed. The pectoralis does its heaviest 

work when taking off. 

Many more examples have been observed of heart differences in 
relation to altitude than of flight muscle differences. The heart must 
work almost continuously, being inactive only during diastolic pause, 
while the flight muscles work intermittently. Why the altitude dif- 
ference occurs in cuckoos and not in more active fliers is difficult to 

understand. 

While the supracoracoideus appears to be of little importance in 
many birds, it is largest in those birds that make quick takeoffs and 
fly rapidly, such as tinamous, quail, hummingbirds, and doves. 

The remainder of the flight muscles, those of the shoulder, brachium, 

and forearm, constitute only a small part of the total, and therefore 
variation in these muscles, which is not great, may not be very sig- 
nificant as a factor in flight. The muscles of the brachium are usually 
heavier than those of the forearm, which would seem to indicate that 

they do more work. 

Although the size of the muscle may determine the work that can 

be accomplished, the continuance of the performance depends upon 

the contained fat or other fuel, together with that which may be 

brought to it by the blood. The amount of fat in the pectoralis super- 



NO. I LOCOMOTOR MECHANISMS OF BIRDS—HARTMAN 31 

ficialis is lower in nonflying or poor-flying birds than in long-distance 

fliers such as the parakeet, pigeon, and crow, while the percentage of 

carbohydrate is higher in short-distance fliers such as the sparrow 

(Nair, 1952). The distribution of this fat has been shown by George 
and Jyoti (1955), who observed that in birds such as the pigeon, 
Columba livia, the pectoralis superficialis contained two types of fibers, 
a narrow type in which the sarcoplasm was interspersed with fat 
globules as well as opaque granules appearing to be liproprotein, and 

another broader, clearer type in which these inclusions were fewer. 
When the pigeons became exhausted from flying, the narrow fibers 
lost their fat globules. In the kite (Milvus migrans) the pectoralis 
superficialis contained fewer narrow fibers and less fat. The leg 
muscles of both species consisted only of the broad fibers with less fat. 
The leg of the fowl, however, contained a high percentage of fat. 
Continuous excitation of pectorals or leg muscles reduced their content 
of free lipid (George and Jyoti, 1957). These authors concluded that 

the muscle lipid supported prolonged activity. 

The muscles supply the power for flight, while the wing and other 
areas are the foils with which the muscles operate. These surfaces 
are difficult to measure accurately because their artificial expansion 
may not duplicate exactly their natural expansion. Our values rep- 
resent an approximation of the maximal expansion and, to that degree, 
the possible area available, but this does not tell us how these areas 
are used or how the areas are distributed in actual performance. In 
action there is frequent change in areas as well as in shape. Aspect 
ratio tells us a little but fails to give the shape, camber, or potential 

slots of the wing. The shape, stiffness, and character of the tail are 
also needed to complete the picture. These are all factors in flight and 
maneuverability. The combined action of the flight muscles and 

feather “blades” and “planes” determine the performance. 

This combined mechanism is used either in flapless flight in which 

gravity is the factor, as in gliding, or in flapping flight in which 
muscular contraction overcomes the pull of gravity. In gliding, the 
bird may take advantage of winds or thermal currents, or it may dive. 

The size of glide areas is not always an indication of the amount of 
gliding or soaring done by particular species. For example, Mycteria 

with a glide area of 1.76 cm.? per gram is a good soarer, while 
Phaethornis with a glide area of 7.14 cm.? per gram does not glide. 
Compare also the glide area of Parus (9.42 cm.? per g.) with that 
of Stelgidopteryx (9.55 cm.? per g.), two birds whose activities are 

very different. 
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Flapping flight may be in the form of “sculling” as in the gull, 
hovering as in the hummingbird, or rocketing as in the pheasant 

(Jack, 1953). 
Although we have employed the ratio, wing area per gram of body 

hody Wem weet) could be 
wing area 

used, as was done by Jack (1953). Perhaps buoyancy index is to be 

preferred. 

It is interesting that when a sex difference is shown in wing areas, 
as in the case of sex differences in heart and flight muscles, it is the 
male that shows the larger values, except in Cassidix mexicanus, in 

which the reverse is true. 

In some manakins, as well as in the motmot, larger wing areas 
occur in specimens collected at high altitudes than in those collected 
at sea level. Traylor (1950) reported that some species from a high 
altitude possessed longer wings than those from lower elevations. 
We have reported 39 of the species discussed by Poole (1938), 

many of whose values are from single specimens. Seven of his species 

possessed a smaller wing area per gram of body weight than ours. 
In the following comparisons, his values are given first and ours 
second: Dendroica pensylvanica, 5.45-7.0 cm.” per gram; Centurus 
carolinus, 3.00-3.79; Cyanocitta cristata, 2.65-3.39; Falco sparverius, 
2.74-3.50; Sturnella magna, 1.83-2.16; Buteo lineatus, 2.11-2.90; and 

Cathartes aura, 1.81-2.98. In all these species his specimens had larger 
body values than ours. In addition, three species with about the same 
body values had smaller wing values. They are Dendroica virens, 
6.35-7.30; Mniotilta varia, 6.13-6.85; and Stelgidopteryx ruficollis, 

6.79-7.54. Finally, his specimens of three species with smaller body 
values than ours possessed larger wing areas. They are: Fulica 
americana, 1.37-1.00; Strix varia, 3.59-2.49; and Ardea herodias, 
2.33-2.06. These differences might be due to individual variation or 

to seasonal changes. 

The tail is so variable in size, shape, and character that it may or 

may not be generally a factor in aerial locomotion. In many instances 
it has been observed to be useful in maneuvering. However, if the 

tail is small, the wings take over its function, as in the swift or duck. 

In the latter, on the other hand, because of the small wings together 

with the speed, the course of flight cannot be changed quickly. 

The speed at which a bird flies is determined by the shape, size, and 

rate of beat of the wing and the angle of attack. Of course, the speed 
at which a bird can fly when pressed is not necessarily the speed that 

weight, for comparisons, the wing loading ( 
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is customary. The greater the wing loading, the faster the bird must 
fly to prevent stalling. A long, narrow, pointed, flat wing is faster than 
a broad, curved one of the same area. Camber is greatest in slow fliers. 
Short wings are for bursts of speed. Wing areas are larger than 
absolutely necessary, especially in small birds, as can be shown in 

partial molts of wing feathers. 

For sustained fast flying a low buoyancy index is best, while for 
soaring and gliding a higher index is an advantage (George and Nair 
1952). Coturnix migrates considerable distances. Its aspect ratio is 
2.15, its buoyancy index, 2.38, compared with a nonmigratory phasi- 
anid, Colinus, whose aspect ratio is 1.74 and buoyancy index 2.6. 

Some birds are so equipped and so skilled that they have great 

control. The sparrow hawk, the kingfisher, and the hummingbird can 
hover, and the last mentioned can fly in any direction. The outer wing 
serves as propeller, while the inner wing, like that of a plane, gives 
“lift.” In the hummingbird the wing is mostly propeller, giving great 

maneuverability but less efficiency. While this is satisfactory for a 
small bird, in a larger one greater efficiency is needed because weight 
increases by three dimensions while lift increases by only two dimen- 
sions (Storer, 1948). 

In general, as has been stated by others, the small birds have rela- 
tively large, broad wings which give great maneuverability. This wing 
size is usually accompanied by tails that assist materially in quick 
change of direction or in landing. Small birds take off essentially by 

the same process as that used in free flight, the functions of lift and 
propulsion being common to a wing undifferentiated on the long axis 
and unadapted for kite-surface action (Demoll, 1930). 

If the various species were arranged according to the size of the 
most important flight muscles (pectoralis superficialis plus supra- 
coracoideus) we find that other values bear no relation to this arrange- 
ment. In table 5 (p. 91) typical examples are shown. Those species 
with 30 percent pectoralis plus supracoracoideus possessed wings rang- 
ing from 3.67 to 0.95 cm.? per gram (buoyancy index, 3.31 to 2.91), 

glide areas from 6.71 to 1.16 cm.? per gram, and hearts from 2.10 to 
0.20 percent of the body. What does this indicate? The small wing 
would require a more rapid beat for the same performance. Large 
leg muscles suggest greater activity on the ground. The behavior of 
the birds listed bears this out. The hummingbird is a powerful sus- 
tained flier with little use for his legs. The tinamou is a ground bird 
and an explosive flier that spends little time in the air. 

Consider the three birds with the smallest pectoralis plus supra- 
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coracoideus in the table. None are especially good fliers. Podiceps 

has large legs which it uses in swimming. Aramides has the largest 
legs of all, which it can use in stalking through the swamps. Cro- 
tophaga spends much time on foot. Among the other birds in this 

table, the trogons, swallows, and kingfishers use their legs very little. 

Let us examine the master table (table 1) with both the muscle size 
and flight areas in mind to see whether these values are related to the 
habits and activities of the bird. There appears to be a correlation; 
some illustrations may serve as examples. In the stork, Mycteria, 
the large legs indicate much ground work, yet the pectorals suggest 
medium flying power, the heart suggests ability to sustain activity, 
while the moderate wing area together with a high aspect ratio mean 
efficient flying and gliding once the bird is airborne. In the duck, 
Aythya, a medium-sized leg indicates moderate use, the pectoralis is 
fairly powerful, but the wings are small, thereby requiring a faster 
beat. An interesting comparison may be made in the two vultures. 
Cathartes has a much larger wing area and a greater aspect ratio than 
Coragyps, indicating more soaring and gliding, while the heart of 
Cathartes is small so that less sustained effort is possible. This agrees 
with the performance. Coragyps soars much less and flaps frequently 

in flight. 

In the hawks large legs are useful in capturing prey, while large 
wings and high aspect ratio go with easy flight and soaring, but a 
medium-sized heart prevents long sustained effort. 

All the rails have large legs but vary much in wing area. Their 
hearts can support moderate activity. The jacana could be more active 
than the rails, having a larger heart, larger pectoralis, and very large 
wings, but medium-sized legs. Therefore, it could be in the air longer 
and fly with slower strokes. Likewise, the shore birds, with moderately 
large hearts and pectoralis and large wings with high aspect ratio, 

would be good fliers. 

The large wings, high aspect ratio, but rather moderate pectoralis 

and fair-sized heart of larids suggest soarers. In the columbids, large 

pectoralis, large wings, but moderate aspect ratio and fair-sized hearts, 

with good tails, indicate good flying. Parrots as well as some columbids 

have fair-sized legs and good flight mechanisms. Cuckoos could not 

use their wings as much as some birds do, since they possess small 

pectoral muscles and small hearts. With their large wings, the beat 

need not be fast. The large wings of owls, moderate hearts and 

pectoral muscles, together with large legs, enable them to pounce 

noiselessly and seize prey. The large wings and fairly large pectoral 
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muscles of the goatsuckers, together with rather small legs, suggest a 
life in the air for the capture of prey. 

In the hummingbird, with tiny legs, large pectoralis, supracora- 
coideus, and heart, and wings with a high aspect ratio, together with 
large tail and glide area, we have the most capable and most active of 
the airborne birds. It possesses both speed and maneuverability. It 
hovers, flies in any direction, flies like an arrow or, on long trips over 

water, describes an undulating course (Murphy, 1913). Trogons, 

with somewhat broader but large wings and moderate hearts, would 
be good fliers, while kingfishers, with smaller pectoral muscles than 
the trogons, would be less powerful. The small heart of the motmot 
indicates little sustained activity, which would also be true for the 
puffbird. Barbets, with large legs and small pectoral muscles, suggest 

more footwork. Toucans likewise possess less powerful pectoral 
muscles and large legs. 

In the woodpecker large, broad wings and a moderately powerful 
pectoralis enable it to flap and glide alternately. Its sizable legs sug- 
gest active use. The woodhewer is similar, except that a somewhat 
smaller heart could support less activity. In the ovenbird, the larger 
heart and a smaller pectoralis, together with larger legs, go with 
greater activity in the form of less flying and more footwork. In 

similar fashion the antbird seems to be adapted to ground activity. 
The cotingas and flycatchers have large, powerful wings, with medium 
to small legs and moderate hearts. 

Large wings with a high aspect ratio and a very large heart are 
found in the very active swallow. The various values for the crows 
and jays suggest moderate activity. Many of the small perchers can 

be included in the classification of the large, broad-winged kinds but 
with varied pectoral muscles and leg power. The wrens have large 
legs and small pectorals. The thrushes should be better fliers, using 
their legs less. The troupials make much use of their legs, as do also 

some finches. 

Among all these birds two groups are most striking: The timamous, 

with large flight muscles, large lower-extremity muscles, and the 

smallest hearts; and the hummingbirds, with the largest hearts, large 

flight muscles, and very small lower-extremity muscles. 

Our data show that muscle weights are just as characteristic as is 
body weight, and this, coupled with the values of certain muscle 

groups, helps to identify the species. Beddard (1898) said, “the muscu- 

lar system of birds is remarkably constant for the species.’”’ He was 

referring to the presence and arrangement of the individual muscles. 
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Although the size of a muscle is inherited through many generations 
and is usually related to the activity, this is not always so. In a com- 
parison of domesticated and wild forms in the same families, we find 
that in the domesticated parakeet, Melopsitticus undulatus, the various 
values are similar to those of the wild forms, while in the domestic 

fowl, Gallus gallus, the pectoral muscles and wings are much smaller, 
but the leg muscles are equal to those in wild species of the family. 

Although the parakeet leads a rather inactive life, it is not far removed 
from its wild ancestor. On the other hand the domestic fowl has 
passed through countless generations of selective breeding. 

In conclusion, our observations show that muscle weights are re- 

lated to the activities of the bird. Since the heart is the driving force 
that circulates oxygen and nutrients and removes waste products, a 
small heart limits activity, while a large heart can maintain it much 
longer. In other words, heart size indicates staying power. The flight 
muscles tend to parallel the performance in the air, or at least the 
ability to perform. The area of the wings together with their aspect 
ratio gives further indication of their use. Finally, the relative weight 
of a muscle or group of muscles, and the wing areas together with 
their aspect ratios, appear to be just as characteristic of a species as 
is the body weight. 
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TABLE 2.—Seasonal variation of proportional weight of the heart 

Species 
Anhinga anhinga ... 

Ardea herodias .... 

Eudocimus albus ... 

Buteo lineatus .... 

A phelocoma 

coerulescens .... 

January 
February 
Percent of 
body weight 
I.010.03 

0.90-0.04 

1.12+0.03 

0.730.05 

1.070.03 

No. 

(7) 
(5) 
(13) 
(7) 

(11) 

June 
Percent of 

body weight 

0.790.038 

0.760.04 

0.97 0.03 

0.55£0.03 

0.92£0.03 

Significance 
of differ- 

ence 
P<0.01 

P<0.05 

P<0.01 

P<0.01 

P<0.01 
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TABLE 3.—Muscles of the upper extremities (percent of body weight) 
Supra- 

Species Total Pectoralis coideus Shoulder Brachium Forearm 
Tinamus major ........ 43.74 26.9 8.17 3.44 2.43 2.80 

Pelecanus occidentalis .. 18.96 11.30 1.85 2.24 2.30 1.26 

Phalacrocorax olivaceus. 18.49 11.90 1.24 1.91 2.54 1.15 

Anhinga anhinga ...... 20.11 12.95 1.28 1.04 2.46 1.57 

Ardea herodias ........ 23.17 15.00 1.06 1.47 3.40 2.24 

Heterocnus mexicanus .. 23.10 13.40 1.38 3.06 3.12 2.14 

Ixobrychus exilis ...... 14.06 8.32 1.57 1.25 Le g 1.15 

Mycteria americana .... 27.25 18.35 1.44 277 2.23 2.45 

Eudocimus albus ....... 31.32 19.40 2.24 2.80 4.60 2.48 

Aythya affimis .......0- 22.19 14.60 2.02 2.45 2.16 riz 

Coragyps atratus ...... 26.11 15.10 0.81 2.49 4.65 2.48 

Chondrohierax uncinatus 29.49 17.10 0.49 3.30 4.77 3.82 

Caracara cheriway ..... 22.53 14.30 0.62 1.60 3.81 2.19 

Ortalis garrula ........ 22.86 12.20 2.19 3.34 2.81 2.35 
Coturnix coturnix 

PODOWICD Vek cates foe 25.17 15.36 5.58 1.90 1.50 0.74 

Colinus virginianus .... 35.65 22.40 7.06 3.42 72 1.05 

Odontophorus guttatus.. 27.31 16.25 5.74 2.05 1.80 1.47 

Gallus gallus ........- 16.56 8.78 3.50 1.61 1.44 1.23 
(White Leghorn) 

Laterallus albigularis .. 11.21 6.01 0.75 1.66 1.35 0.58 

Squatarola squatarola .. 26.87 19.60 esc 1.64 2.11 1.16 

Ereunetes mauri ....... 21.76 16.60 2.35 1.13 0.84 0.84 

Sterna hirundo ........ 20.02 14.00 1.13 1.57 1.71 1.61 

Thalasseus sandvicensis. 18.74 12.80 1.09 1.37 1.88 1.57 

Rynchops nigra ........ 20.02 13.10 1.13 2.03 1.94 1.96 

Columba livia ......... 31.79 20.50 3.57 1.26 3:47 3.24 

Columba speciosa ...... 40.20 26.45 4.78 3.15 3.07 2.74 

Crotophaga sulcirostris.. 20.70 12.50 0.07 1.60 3.15 2.45 

Otmsvcholiba 3.60 032ee~ 23.35 14.00 1.04 1.87 4.24 2.20 

Megaceryle torquata .... 25.31 14.50 1.26 3,25 4,24 2.06 

Chloroceryle aenea ..... 22.24 14.75 2.00 1.60 2.83 1.06 

Colaptes auratus ....... 30.16 19.20 1.10 2.90 4.53 2.34 
Melanerpes erythrocepha- 

TS ete ar inca mean ake 26.32 16.90 0.99 2.59 3.78 2.06 

Synallaxis albescens .... 18.07 11.00 1.34 2.14 3.04 0.50 

Muscivora tyrannus .... 33.45 23.60 2.20 2.76 3.20 1.51 
Iridoprocne bicolor .... 23.46 16.20 1.04 2.49 2.45 1.29 
Aphelocoma coerulescens 21.02 12.00 1.22 2.24 2.84 1.82 
Mimus polyglottos ..... 19.89 11.70 1.35 2.19 3.11 1.53 
Mnyiotilta varia ........ 20.35 16.80 1.55 4.46 6.61 
Parula americana ...... 21.53 14.30 1.39 2.19 2.36 1.29 
Agelaius phoeniceus ... 26.89 18.00 1.67 2.54 2.80 1.87 
Richmondena cardinalis . 32.04 21.00 2.08 2.85 4.14 1.07 
Spizella passerina ...... 26.61 18.30 1.63 2.06 2.07 1.62 
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TABLE 4.—Muscles of the lower extremities (percent of body weight) 

Species Total 

DAIS AIOE eae es ea pic aibregie o's 13.14 

Pelecanus occidentalis ......00.0.0+. 5.71 

Phalacrocoraxy olivaceus .......0...- 11.30 

ARTLANGG GHTANGE <5. ieee ss bsins esse 8.72 

PAVE ECR OMGE she's cies logs. «a 'giatie os 6 12.00 

Heterocnus Mexicanus .......cceee 12.20 

TZ GUUNCHMS CARAS oo bobs sys-s 6 dia aierars > + 0 12.21 

MES CTEPIG OINEFACONG ooo ine 210 iziseve oo oe 10.30 

FAPAGEUMAES GIDUS 5 « siiie gino © se ote se 8.48 

EINE) ORLY 5 CS Oe 5.20 

COGAGN PS) CETUS) 3). \efepevers a ois Site o 01s 14.40 

Chondrohierax uncinatus ..........4 7.50 

CARICA. CHEWED oss sin a chs csie be 13.60 

OFIGE GOFTUIG: % 6 vethea ccs 2s Seabees 20.10 

Coturnix coturnix japonica.......... 10.78 

COLBUS AF OUNANUS smoise c's os pase sees 13.20 

Odontophorus guttatus ..........000. 14.10 

Gallus gallus (White Leghorn)...... 15.38 

Laterallus albigularis ..........0000. 18.15 

Squatarola squatarola.:......+<s.-..6 5.35 

EVCUNCICS MOUS. oo. te bens ocd Gdlessse 4.76 

Stevaa MMYVUNAG: 2. \se dss «ee eae oe 2.63 

Thalasseus sandvicensis .........0005 2.28 

RYNChOPS WMOPA. ....\Senweis ds chao sin ee 2.46 

Columba Litdiye ois: Bees: oe oe ek 6.38 

Colitenba Speciasd «nce oso sR de vse 4.78 
Crotophaga sulcirostris .....ccc.c00. 12.35 

Olts eholtbdens. os. atin oa kes cee 8.83 

Megaceryle tot quata sarei. sos oBiediad «os 2.95 

Chiorocerylesaenca g2.% 60%. siiaiien sas 2.50 

COlapies GUratus ... esi. sce ae sess 7.25 

Melanerpes erythrocephalus ......... 6.04 

SVNGUALIS QUDESCENS Hej = on)< sseae 2 2 ce 10.20 

Musctvore tyrQnnus oocscceccinviccces 2.73 

Tridaprocne «bicolor Baresios ss wtesdenses 2.68 

Aphelocoma coerulescens .......+.+- 14.50 

Mimus polyglotios .......cceceeeees 10.80 

DA RUOIANIG VGVAG 25s. faials «0 0c Rode’ os 6.58 

POPU SQMETICONG . acincc scsi aecces 6.95 

Agelaius phoentceus ......eccecceees 8.86 

Richmondena cardinalis ...........+. 7.14 

SPiGCHG PASSCHING odds vos Seeiia sess 6.14 

Thigh 

7.36 

3-37 

3.95 
4.36 

5-79 
6.31 

6.13 

4.70 

4.65 
2.78 

7:75 
4.36 

6.68 

10.60 

6.38 

7-43 
8.22 

7.02 

10.30 

2.81 

2.79 
1.52 

1.36 

1.41 

3-39 

2.73 

7-44 

3-34 
2.10 

1.59 
4.60 

3.11 

5.01 

1.47 

6.87 

5-29 

2.97 
4.00 

3.67 
3-15 

Leg 

5.78 

2.42 

5-93 
4.36 

6.28 

5.88 

6.08 

5.63 
2.72 

2.42 

6.62 

3.14 
6.90 

9.40 

4.40 

5-77 

5-90 

5.36 
7.82 

2.61 

1.98 

T57 

0.91 

1.04 

2.55 

1.97 
4.92 

5.49 
0.86 

0.91 

2.66 

2.93 

5.15 
1.26 

7-57 
5.50 

3.48 

4.86 

3-47 

2.99 
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SIXTEEN-DAY WEATHER FORECASTS FROM 
SATELLITE OBSERVATIONS 

By C. G. ABBOT 

Research Associate, Smithsonian Institution 

Measures of the solar constant of radiation are possible from satel- 
lites. Coursing above the obstructing atmosphere, a suitable pyrheli- 
ometer could measure the intensity of solar radiation directly, without 
spectrum observations. Many measurements could be made daily and 
no days omitted. Though they might not be individually as precise as 
those of the Smithsonian observers in the years 1924 to 1952, the 

mean value of a day from satellite measurements would be more pre- 
cise than they were. It could readily be reduced at the ground from 
radio-transmission reports. 

Twenty-five years ago I showed that upward and downward trends 

in solar radiation were followed, for at least 16 days, by trends in 
terrestrial temperature which were opposite, like the right and left 

hands. Using identical dates of starting of solar trends, I found that 
Washington, St. Louis, Helena, Potsdam in Germany, and Ebro in 
Spain all presented opposite trends of temperature for rising and fall- 
ing solar changes. Large solar changes produced large temperature 
variations and vice versa. Thus one perfect set of solar-constant 

measurements would suffice for 16-day temperature predictions world- 
wide. Dr. R. A. Millikan, supported by Dr. I. Bowman, Dr. K. T. 
Compton, and the then Chief of the U. S. Weather Bureau, prepared 
a recommendation whose text is printed in Smithsonian Publication 

3397. It suggested that an appropriation of $300,000 be made to en- 

able the Smithsonian Institution to set up several solar-constant sta- 
tions at the best sites. These would be additional to the three stations 
then operative. It was hoped thus to get from their mean results high- 
grade solar-constant values daily. 

This recommendation was approved by President Roosevelt and the 
Director of the Bureau of Budget. The appropriation passed the 

1 Smithsonian Misc. Coll., vol. 95, No. 12, Publ. 3392, and vol. 95, No. 15, 

Publ. 3397, 1036. 
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Senate but was defeated in the House. It was never revived and 
would now be futile. The multiplication of airplanes and rockets now 
befoul the atmosphere, and the world turmoil which prevails would 
endanger observers. The conditions would now negative such a proj- 

ect. Besides, it could not produce without fail daily values as good 
as those now possible from satellites. 

The two papers referred to, and another of somewhat later date to 
which I shall refer, are long out of print. They may be consulted in 
some 1,500 libraries, the world over, to which the Smithsonian Insti- 

tution freely sends its publications. 
To bring the matter to the attention of the present generation, my 

assistant, Mrs. Lena Hill, and I have collected all the solar-constant 

observations made at Montezuma, Chile, 1924 to 1955, and have 
repeated the study of solar-produced trends associated with them on 
the temperatures at Washington. We used about twice as many data 
as were formerly available. The present results are smoother than 
but not markedly different from those given in Publications 3392 

and 3397. 
These results are not to be used now for forecasting, but only to 

illustrate what may be done from satellite observations. I therefore 
omit details that would demonstrate what accuracy they may have for 
temperature forecasting. I merely show by graphs and tables what 
were the end results and how they compare with those of 25 years ago. 

Before presenting this evidence, I refer to another paper.” Here 
it is shown that there is in the weather of Washington and New York 
a regular period of about 6% days. I now evaluate it as 6.6476 days. 

I 
1250 

based my forecasts of precipitation to 1967.° 
As shown in Publication 3892, this is a strong period in Washing- 

ton and New York weather. Its effect on temperature sometimes 
overpowers the effects of upward and downward trends in solar varia- 
tion. We did not know of its permanently continuous regular pulses 
when Publications 3392 and 3397 were published. Hence those results 
were somewhat confused by it. 

Antecedent to our present determination of the regular trend effects 

on the temperature at Washington, Mrs. Hill and I redetermined the 
phases and the amplitudes of the period of 6.6476 days. Then we 
removed its effects from all the solar-constant measurements, 1924 

This is exactly of 273 months, the master period on which I 

2 Smithsonian Misc. Coll., vol. 107, No. 4, Publ. 3802, 1947. 

3 Smithsonian Misc. Coll., vol. 139, No. 9, Publ. 4390, 1960. 
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to 1955. This left the solar trends and their effects unaffected by this 
extraneous variable. This is the main reason why our present results 
on trends of temperature at Washington are smoother than those of 
25 years ago. The 6.6476-day period would necessarily have to be 
taken account of, along with the solar trend effect, in any 16-day fore- 
casts which I hope may be made from satellite observations. 

Table 1 gives in eight groups, of 180 repetitions each, the average 

TABLE 1.—Groups of 180—repetitions of the 6.6476-day solar period and mean 

of 1,440 of them 

Places: 1 2 3 4 5 6 

TO2ZA=TOZ7Z Ge eee aici 466 462 465 474 472 454 

VO27=1O3O ses ies reie iol 450 444 438 461 456 442 

TOZTTIOSS «nix Seie'e'o' ats 461 474 456 470 459 463 
TO34=1037 dereicl- 2 «:s 485 470 459 475 475 467 
TOS8-1G4T oi < Sie. ok ce 467 466 457 A474 481 465 

TOAT=1OAA ae ale oes ais 465 457 461 466 462 461 

1045-19482. JS. Ss 481 486 479 482 485 478 

TOASSTOGM shave) oder otire te 504 493 489 510 501 482 

1.) a 472.4 469.0 464.2 476.5 473-9 463.9 

amplitudes of these groups, and finally the general mean of 1,440 
repetitions of the 6.6476-day period. It will be clear from the graphical 
expression of these data in figure 1 that, though the phases of the 
period hardly ever differ more than a day from their mean predicted 
positions, their amplitudes are widely differing. Moreover, as pointed 
out in my paper (Publication 3990 of 1949) and clearly shown in 

figure I, a period of ae days also exists. These factors would 

have to be allowed for in any 16-day forecasts from satellite obser- 
vations. 

Mrs. Hill and I have eliminated the effect of these two regular 

periodic solar variations. Our results on 16-day weather control by 
solar trends are shown graphically in figure 2 and numerically in 
table 2. 

With figure 1 I have also given an example of the large, and I may 
even say almost controlling, effect of the period of 6.6476 days and 
3.3238 days on the temperatures of Washington and New York. 
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SUPPLEMENT TO THE 
ANNOTATED, SUBJECT-HEADING 
BIBLIOGRAPHY OF TERMITES 

1955 TO 1960 

By THOMAS E. SNYDER 

Honorary Research Associate 
Smithsonian Institution 

INTRODUCTION 

On September 25, 1956, an “Annotated, Subject-Heading Bibliography of Ter- 
mites 1350 B.C. to A.D. 1954,” by Thomas E. Snyder, was published as volume 130 
of the Smithsonian Miscellaneous Collections. A few 1955 papers were included. 
The present supplement covers publications from 1955 through 1960; some 1961, 
as well as some earlier, overlooked papers, are included. A total of 1,150 references 
are listed under authors and titles, and 2,597 references are listed under subject 
headings, the greater number being due to cross references to publications covering 
more than one subject. New subject headings are Radiation and Toxicology. 
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Editors of the Smithsonian Institution have been very helpful in the preparation 
of the manuscript and index. 

Mrs. Lucile W. Yates, cataloger of the Entomology Research Division, Agricul- 
tural Research Service, U.S. Department of Agriculture, has supplied many ref- 
erences. Miss Emily Bennett, librarian of the Division of Insects Library, U.S. 
National Museum, Smithsonian Institution, has been especially helpful in checking 
references and obtaining obscure publications, often difficult to locate. I am grate- 
ful to my wife for typing additional references. 

Dr. E. W. Ligon, of the Pesticide Regulation Branch, Agricultural Research 
Service, U.S. Department of Agriculture, has kindly prepared some of the data 
under the heading “Toxicology.” 

Dr. Ivan Hrdy, of the Czechoslovak Academy of Science, Prague, was helpful 
in sending me publications and references. 
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LIST OF SUBJECT HEADINGS 

Anatomy, see Morphology. 
Bacteria, see also Nutrition. 
Baits, see Soil poisons. 
Behavior, see also Biology. 
Bibliography, see “Index of American Economic 

Entomology” for additional references. 
Biography. 
Biology, ecology. 
Building codes, see also Control, Resistant woods, 
Wood preservation. 

Caste determination, also intermediates, intercastes. 
Chemical analysis. 
Cold, see Temperature. 
Control, construction, termite-proofing. 
Court rulings. 
Cytology (cell growth). 
Damage. 
Damage to living vegetation. 
Detection, see also Experimentation. 
Digestion, see also Nutrition, Protozoa. 
Diseases, human, plant, and termite; see also Para- 

sites. 
Distribution. 
Dust, poison, see Soil poisons. 
Ecology, see Biology. 
Electricity, see Detection, Experimentation. 
Embryology. 
Evolution. 
Experimentation, see also Detection. 
Flight. 
Folklore. 
Food, termites as. 
Fossil. 
Fumigation. 
Fungi, association with; see also Rearing. 
Fungus cultivation. 
Gaseous environment. 
Genitalia, reproductive or sex organs. 
Geologic agents. 
Heat, see Temperature. 
Hermaphrodites, see Biology. 
Histology, see Morphology. 
Humidity. 
Introduced or intercepted. 
Legislation or regulation. 
Medicine, uses in. 

Migration, see Biology. 
Moisture, see Biology. 
Molds, see Nutrition, Parasites. 
Morphology, histology (tissue growth). 
Neoteinia, see Biology. 
Nests. 
Nutrition. 
Obituary. 
Parasites. 
Parthenogenesis, see Biology. 
Phylogeny, see also Evolution, Taxonomy. 
Physiology. 
Poison dusts, see Soil poisons. 
Population. 
Predators. 
Protozoa, see also Digestion, Nutrition. 
Racket. 
Radiation. 
Rearing. 
Regeneration. 
Regulation, see Legislation. 
Repellents, see Soil poisons, Wood preservation. 
Reproductive organs, see Genitalia. 
Resistant woods. 
Respiration, see Gaseous environment. 
Reviews. 
Secretions. 
Sense organs. 
Sex organs, see Genitalia. 
Shields, metal barriers. 
Soil poisons, baits, dusts, repellents. 
Sound. 
Superorganism, supraorganism, colony as. 
Swarm, see Flight. 
Symbiosis, see Biology, Nutrition, Protozoa, Ter- 

mitophiles. 
Tax status of loss, see Damage. 
Taxonomy. 
Temperature. 
Termitophiles. 
Toxicology. 
Uses in industry, arts, and religion. 
Wood preservation, poisons for fabrics and fiber- 

boards, insulation, etc. 

Zoogeographical regions. 

Nore.—In the “Index of American Economic Entomology,” under the heading “Termites” and sup- 

plementary subject-headings, there are papers not referred to in this more or less selective bibliography; 

some are of minor importance, others repetitions. 



SUBJECT HEADINGS 

(For complete citations see List of Authors and Titles beginning on page 72.) 

BACTERIA 

Boyer, P., 1955, pp. 569-571. (France, pre- 
liminary studies of soil and bacteria of 
termitaria.) 

Grasst, P. P., 1959, pp. 385-389. (Africa, di- 
gestion cellulose by bacteria in posterior 
intestine for fungus-growing Macro- 
termitinae.) 

Ionescu, M. A., 1959, pp. 114-115. (Rumania, 
Reticulitermes lucifugus. Schizophytes: 
Spirochaeta termitis, S. minei, and S. hilli, 
Fusiformis termitidis, F. hilli.) 

Pocuon, J., Baryac, H. pe, and Rocue, A,, 
1958, pp. 352-355. (Africa, bacteria princi- 

pal agents in fermentation cellulose for 
fungus-growing Sphaerotermes sphaero- 
thorax, Ruminococcus, same group as in 
paunch of ruminants.) 

SeBaLp, M., and MELLIs, Y. DE, 1958, pp. 357- 
360. (France, Spherophorus n. sp. a 
sulphite-reducing bacterium from  in- 
testine French termite injected in vein 
rabbit, toxic or allergenic, not infectious.) 

ToumanorF, C., and Toumanorr, T. C., 1959, 
pp. 216-218. (France, epizootic due to 
Serratia marcescens, “Reticulotermes san- 
tonnensis.’”) 

BEHAVIOR 

AutTuor!, 1956, pp. 561-575. (Instinct in the 
behavior of animals and man. 

DesneEvux, J., 1959, pp. 286-292. (Africa, vestig- 
ial behavior some species Apicotermes.) 

Emerson, A. E., 1956, pp. 248-258. (Regenera- 
tion behavior and social homeostasis.) 

1958a, in Roe and Simpson (Ed.), 1958, 
Pp. 311-355. (Intraspecies group system 
prime unit, group unit of natural selec- 
tion leading to adaptive evolution, be- 
havior emphasized in group integration, 
social behavior in insects genetically de- 
termined, in man culturally.) 

Grassé, P. P., 1959, pp. 41-83. (French Equa- 
torial Africa, behavior workers Cubi- 
termes sp. and Bellicositermes natalensis 
rebuilding nest, masons do not constitute 
a working team, in beginning individual 
tasks are uncoordinated, when earth 
pellets achieve a certain density consti- 
tute a new stimulus become starting point 
of pillars and blades. Stimulation workers 
by performances inducing adaptable re- 

sponses named stigmergy. Determining 
stimuli olfactory.) 

Scumipt, R. S., 1955, pp. 244-356. (Apico- 
termes nests important ethological ma- 
terial.) 

1955a, pp. 157-181. (Evolution of nest-build- 
ing behavior in Apicotermes.) 

1958, pp. 76-94. (Most primitive Apico- 
termes nests lack wall perforations, sha- 
green, internal arrangment cellular.) 

Vernon, H., 1958, pp. 309-314. (France, Calo- 
termes flavicollis attraction produced by 
last instar nymphs on larvae, nymphs 
with short wing pads, and neoteinics in- 
creases regularly with the importance of 
crowding. Last instar nymphs show less 
response than larvae, soldiers exhibit the 
highest threshold of response.) 

Wriuiams, R. M. C., 1959, pp. 203-218. 
(Africa, East Uganda, flicht periods Cubi- 
termes ugandensis and C. testaceus, wing 
shedding, calling attitude, tropisms, 
colony formation.) 

BIBLIOGRAPHY 

Esaxt, T., Bryan, E. H., Jr., and GressitT, 
J. L., 1955, pp. 1-68. (Bibliography, in- 
sects Micronesia, includes list Japanese 
publications cited.) 

Frincs, M., and Frines, H., 1960, p. rot. 

(Sound production and sound reception 
by termites.) 

Snyper, T. E., 1956, pp. 1-305. (Annotated, 
subject-heading bibliography 1350 B.C. to 
A.D. 1954, world, 3,624 references.) 

3 
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BIOGRAPHY 

Cronin, J. E., 1959, pp. 1-257. (U.S., Hermann 
von Schrenk, 1873-1953, botanist, plant 

pathologist, pioneer in American wood 
preservation, timber engineer.) 

BIOLOGY 

ANONYMOUS, 1959, Pp. 17-19. 
Arora, G. L., and Gmorra, S. K., 1959, pp. 

247-255. (Pakistan, biology Odontotermes 
obesus, common termite of Hoshiarpur 
damages clothes, wooden articles, grass, 
sugarcane, trees, both subterranean and 
mound builders. Royal cell in center 
above ground level during rainy months 
but to depth 1 ft. in winter and spring. 
Workers and soldiers in ratio 97.5% to 
2.5%. Queen secretes large quantity fatty 
liquid. Swarm once a year after first 
heavy shower, middle July at night. 273 
eggs laid per 15 minutes, laid during 
rainy months.) 

BANERJEE, B., 1956a, pp. 203-204. (Royal 
chamber in mound Odontotermes rede- 
manni (Wasmann).) 

Brock, P., 1960, p. 15. (Canada, Toronto, 
popular account habits and damage, some 
statements debatable.) 

Bruce, E. L. Co., 1961, pp. 1-8. (U. S., how 
to build out termites in wood joist and 
slab construction and continue protection 
after construction by low-cost Terminix 
Insured Protection Contract.) 

Bucuut, H., 1956, pp. 131-143. (France, in 
Reticulitermes luctfugus and subspecies 
santonensis there are 2 instars of undif- 
ferentiated young, the origin of all of the 
different castes, caste differentiation due 
to extrinsic factors. Well-fed young 
acquire pads at 3d instar and develop to 
winged reproductives at the 9th. Poorly 
fed young regress to workers, pseudoer- 
gates, lose nymphal characters, mature at 
goth instar, but continue to molt, can be- 
come apterous reproductives. Nymphs of 
4th instar become neoteinic brachypterous 
reproductives. Worker caste beyond 3d 
instar can become apterous reproductives, 
if possess reserve of fat body. Neoteinics 
can survive in spite of presence of normal, 
functioning, imaginal king and queen, 
ectohormonal inhibition not present in 
Reticulitermes.) 

1956a, Pp. 395-401. (France, development 
cycle in Reticulitermes.) 

1958, pp. 264-429. (France, Reticulitermes 
lucifugus and subspecies santonensis, egg 
to adult, longevity castes, alimentation, 

neoteinia, | pseudoergates, inhibition 
theory, caste determination.) 

1960b, pp. 308-315. (France, observations 
on mating behavior Reticulitermes lucif- 
ugus.) 

1960c, pp. 494-499. (France, first mating 
and fecundity of a young primary queen 
of Reticulitermes lucifugus santonensis.) 

Caray, J. H., 1956b, pp. 111-124. (Distribu- 
tion and biology genus Ahamitermes.) 

Caray, J. H., and Gay, F. J., 1956, pp. 19-39. 
(Distribution and biology genus Copto- 
termes in Western Australia.) 

1959, Pp. 211-223. (Australia, aspects of 
distribution and ecology.) 

Carasso, M., 1959, pp. 21-24. (U. S., Panama, 
habits, nest.) 

Cunorani, O. B., 1959, Pp. 43-44. (India, 
Kalotermes beesoni, -injures banyan, 
Ficus.) 

CLEMENT, G., 1956a, pp. 148-153. (In labora- 
tory Sahara Anacanthotermes ochraceus, 
egg laying 44 days after gallery dug; 
nymphs reach stage 4 in 1 month; 1,000 
individuals after 1 year; soldiers appear 
after 1 year from worker in stage 5, 
1 soldier for 100 individuals.) 

Coaton, W. G. H., 1958, pp. 1-112. (South 
Africa, hodotermitid harvesters life cycle, 
flights, nest, feeding.) 

Cottins, M. S., 1958, pp. 423-424. (US., 
differences in toleration of drying and 
rate of water loss between Reticulitermes, 
Kalotermes, Neotermes, Cryptotermes.) 

1959, PP- 341-352. (U.S., Florida, survival 
time and rate of water loss during drying 
of 9 species—Kalotermes, 3; Crypto- 
termes, 2; Neotermes, 1; Reticulitermes 
3. Large size Neotermes and Kalotermes 
jouteli facilitates survival, activity leads 
to more rapid water loss. Unlikely that 
Cryptotermes and Kalotermes snyderi 
survive by maintaining high humidity 
in galleries, but can subsist in dry sur- 
roundings on water released from oxida- 
tion of food, rate water loss very low. 
Reticulitermes hageni has lowest moisture 
requirements of eastern subterranean 
group, R. flavipes highest. Survival times 
varied from average 4 to 6 hours for 
Reticulitermes to 15 days for Crypto- 
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termes brevis. Nature integument and 
natural environment factors.) 

Curopontis, G., 1955, 501-518. (Significance 
of termites for the understanding of the 
African savanna vegetation.) 

EseELInc, W., 1959a, pp. 24-25, 46-47. (US., 
California.) 

Ezetine, W., and Pencg, R. J., 1957, pp. 690- 
692. (Relation of particle size to penetra- 
tion of Reticulitermes hesperus through 
barriers of sand or cinders.) 

Emmann, H., 1941, pp. 385, 391, 431, 433, 
440, 474. (General.) 

Emerson, A. E., 1958, 72 Weyer, E. M., Jr. 
(Ed.), 1958, pp. 2798-2807. (Habits, dam- 
age, control.) 

1959a, pp. 6-7. (Biology, fossils, predators, 
termitophiles. 

Ernst, E., 1960, pp. 203-206. (Africa, alien 
termite colonies in Cubitermes nests.) 

Esakt, T., 1956, pp. 86-88. (Notes on Hodo- 
termopsis japonica.) 

Esaki, T., Hort, H., and Yasumatsu, K., 
1938, pp. 30-32. (Illustrations and descrip- 
tive notes on Japanese termites.) 

Fars, P., 1959, Pp. 4, 13, 14, 35, 82-91, 109, 
134, 157. (Desert termites depth 100 ft., 
I out of 1,000 survives flight, temperature 
in mound cooler in summer and warmer 
in winter than outside, building of tubes 
in Tropics (Africa), 30 mounds to acre, 
more than 5,000 tons of soil moved on 
each acre, 300 species intestinal protozoa 
identified, inhibition theory caste de- 
termination.) 

Garrison, W. B., 1954, pp. 73-76. (General 
habits, damage.) 

Gay, F. J., 1955, pp. 58-59. (Occurrence of 
functional neoteinics in Coptotermes 
lacteus.) 

Gay, F. J., Greaves, T., Hotpaway, F. G., 
and Wertuerty, A. H., 1955, pp. I-60. 
(Australia.) 

1960, pp. 228-231. (Australia, discusses 
probable origin; caste system; subter- 
ranean chambers; references to a few spe- 
cies; Nasutitermes fumigatus; Copto- 
termes lacteus, illus.) 

Grratn1, G., 1955, pp. 487-498. (Italy, Venice, 
Reticulitermes lucifugus.) 

GGsswaLp, K., and Kort, W., 1958, pp. 743- 
745. (Radioactive isotopes in the study 
of colony life of insects.) 

Grassé, P. P., 1958, pp. 189-200. (Brazil, Sao 
Paulo, Cornitermes cumulans, queen 
moves about in nest.) 

GrassE, P. P., and Norrot, C., 1955, pp. 213- 
219. (Foundation of new societies by 
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Bellicositermes natalensis on Ivory Coast, 
imaginal founder couple dig an under- 
ground cavity copularium in which first 
brood is tended, take no food. First small 
workers dig passageways to surface where 
under covered passageways eat wood, 
first big workers appear soon after. In 
one night inside copularium workers 
construct an even egg-shaped dwelling 
place, first fungus bed, at once fertile is 
erected herein, heaps of sawdust used as 
food reserves laid outside. Homologies 
drawn between young nest and adult 
termitarium.) 

1958, pp. 1789-1795. (The society of Calo- 
termes flavicollis and its foundation to 
the first swarm.) 

1959, Pp. 365-372. (Evolution of symbiosis 
in Blattopteroidea, particularly Isoptera. 
Double symbiosis occurred in common 
ancestor blattids and termites, blattids 
only retained bacteriocytes (except Cryp- 
tocercus), primitive termites, (except 
Mastotermes) the flagellates. Termitidae 
have lost flagellates but have a rich and 
complex bacterial flora, some break down 
cellulose. Protozoa constantly associated 
with certain termites (xylophagous 
amoebae), humus-feeder ciliates, Termi- 
tophrya). Association between fungus- 
growing termites and mushrooms 
(Termitomyces.)) 

Grzmek, B., 1956, pp. 146-159. (The vast 
cities of the tropical bush.) 

Harris, W. V., 1955, pp. 62-72. (Termites 
and the soil.) 

1955¢, pp. 160-166. (As ecological factors.) 
1956, pp. 261-268. (Mound building by 
Macrotermes E. Africa.) 

1958d, pp. 435-439. (Colony formation by 
winged, part of an existing colony, migra- 
tion of reproductives.) 

Heres, A., 1955, Jn Schmidt, H. (Ed.), 1955b, 
pp. 121-130. (Swarming and colony for- 
mation.) 

1955, pp. 481-487. (New research results.) 
Hestop-Harrison, G., 1958, pp. 59-79. (Origin 

and function of pupal stadia in holome- 
tabolous insects, conception primitive in- 
sect life cycle, including Isoptera.) 

Hickin, N. E., 1954, pp. 1-84. (Woodworm, 
biology and control.) 

1950, p. 273. (Isoptera, do not secrete cellu- 
lase, symbiosis with intestinal protozoa.) 

Hpep¥, I., In press. (Czechoslovakia, contribu- 
tion to the knowledge of the European 
species of Reticulitermes.) 
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Imus, A. D., et al., 1957, pp. 366-395. (Classi- 
fication and biology; Hospitalitermes 
monoceros harvests lichens in columns, 
1,000 termites to each meter of column.) 

Ionescu, M. A., 1939. (Rumania, ecology of 
Reticulitermes lucifugus.) 

1959, pp. 107-116. (Rumania, Reticulitermes 
luctfugus, Kalotermes flavicollis.) 

Jenkins, C. H. F., 1960, pp. 117-123. (Western 
Australia.) 

Juccr, C., 1960, pp. 1-24. (Societies bees, 
wasps, ants, termites.) 

Karsuoven, L. G. E., 1955, pp. 313-321. (Ob- 
servations on Macrotermes gilvus in Java, 
differences in nest structure between 
Asian and African Macrotermitinae 
nests.) 

1956a, Pp. 455- -561. (In nests Macrotermes 
gilvus in Java, accumulations of finely 
cut vegetation in nests.) 

1958, pp. 9-30. (Habits of black termites 
Hospitalitermes spp. of Java and Sumatra, 
foraging, nests, swarming, formation new 
colonies, predators, moving columns not 
disturbed, termitophiles, snake eggs in 
nests, cetonid, ptinid.) 

1959a, pp. 231-242. (Central Java, new 
colonies start in dead branches in crowns 
teak trees, termites gnaw hole through 
rotten wood, winged Neotermes tectonae 
attracted to rotten wood, yellow clayey 
excrement on outside wood betray pres- 
ence.) 

1960a, pp. 263-272. (Indonesia, notes on 
biology species Cryptotermes.) 

Kassas, A., CHAARAWI, A. M., Hassan, M. I., 
and SHaHwan, A. M., 1960, pp. I-91. 
(Egypt, biology Anacanthotermes (Hodo- 
termes) ochraceus, Psammotermes fusco- 
femoralis, and P. assuanensis.) 

Kevan, D. K. McE., et al., 1955, pp. 1-512. 
(Termites and the soil. 

Kirkpatrick, T. W., 1957, pp. 3, 4, 10, 28, 61, 
71, 91, 99, 103, 121, 134, 139, 143, 146, 
T7T, AOA, 1/195, 190; 2205, 230,241,271, 
276. (Biology, Tropics.) 

Licut, S. F., and Weesner, F. M., 1955, pp. 
347-354. (Production and replacement of 
soldiers in incipient colonies of Reticuli- 
termes hesperus, only small percentage of 
colonies produce soldier first year, may 
develop from first or later eggs. Only one 
produced, if removed a_ replacement 
soldier produced from second group of 
young in 50% of 12 experimental 
colonies.) 

Lossenz, N. M., 1959, pp. 25-28. (Tropics 
and US.) 

VOL. 143 

Liscuer, M., 1955, pp. 62-67. (Film record- 
ings of termites.) 

1956, pp. 119-128. (Production of sup- 
plementary reproductives of Kalotermes 
flavicollis dependent on competence of 
nymphs and inhibitory effect of function- 
ing repoductives by hormones produced 
in head or thorax, passed on to nymphs 
through intestine, completely prevent pro- 
duction supplementary reproductives.) 

1956b, pp. 261-267. (Production and inhibi- 
tion of supplementary reproductives of 
Kalotermes fiavicollis.) 

1956c, pp. 28-316 to 29-317. (Filming of 
termites. ) 

1958a, pp. 372-377. (Origin of soldiers.) 
1958b, pp. 144-150. (The effect of the 

corpora allata on the origin of substitute 
reproductives.) 

1958c, pp. 48-65. (Nutrition, protozoa, in- 
sect and human state.) 

Luppova, A. N., 1955, pp. 55-56. (Biology 
and distribution in Turkmenia of the big 
ies ae Anacanthotermes ahngeria- 
nus. 

McKeown, K. C., and Carasy, J. H., 1958, 
pp. 462-465. (Termites, Australia.) 

MaeTERLINCK, M., 1939, pp. I-142. (Life of 
of the white ant.) 

Marcus, H., 1958, pp. 61-77. (Polymorphism 
and caste development. 

Martinez, J. B., 1957, pp. 147-161. (Morphol- 
ogy, biology, damage, and control, Cryp- 
totermes brevis.) 

Martuiev, H., 1959, pp. I-92. 
ignored pest, the termite.) 

Matuur, R. N., and Cunoran, O. B., 1960, 
pp. 623-624. (India, 3 queens in 2 colo- 
nies Odontotermes wallonensis, with 1 
or 2 kings and workers, length queens 5.4 
to 5.8 cm., Sambalpur, Orissa.) 

Matuor, R. N., and Sen-Sarma, P. K., 1959, 
pp. 39. (India, Dehra Dun, biology 
termites, Angulitermes dehraensis, Copto- 
termes heimi, Heterotermes indicola, 
Neotermes boset.) 

1960a, pp. 23-27. (India, Dehra Dun, biol- 
ogy Capritermes dunensis, Eremotermes 
dehraduni, Microcerotermes beesont, 
Microtermes anandi, M. unicolor, Neo- 
termes megaoculatus, N. microculatus, 
Nasutitermes thanensis.) 

Morean, F. D., 1959, pp. 155-195. (New 
Zealand, Stolotermes ruficeps. 

Noror, C., 1955a, pp. 399-595. (Study various 
stages Nasutitermes arborum. Studies 
various genera and species in Nasuti- 
termitinae, Amitermitinae, Microcero- 

(France, the 
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termininae, Termitinae, and Macroter- 
mitinae. Characters of neuter castes, evo- 
lution of polymorphism, determination of 
formation of castes.) 

1956, pp. 145-158. (The replacement sexuals 
in the higher termites, can have three 
origins—winged imagines, nymphs, and 
workers (neoteinics). In Termitidae only 
do imagines become sexually mature in 
nest, lay eggs in queenless colonies 
Anoplotermes. Formation substitute sex- 
uals from nymphs widespread, preceded 
by molting. Only with the most primitive 
types Termitidae possible for workers to 
be sexualized, as in Termes hospes. 
Formation apterous reproductives takes 
place during two successive molts, live 
short time, must be constantly replaced, 
same in Microcerotermes ambotinensis. In 
most highly developed forms sexual 
maturation only possible for imagines. 
Development supplementary reproduc- 
tives influenced by neither diet nor 
ectohormones.) 

1958-1959, pp. 151-169. (General, ecology, 
water, temperature, light, air, soil, micro- 
climate of nest and its regulation in 
Bellicositermes 27° to 30° C.) 

OBENBERGER, J., 1940, pp. 1-402. (Termites 
PP. 255-402, biology, nests, fungus cultiva- 
tion, termitophiles, damage, control, 
predators.) 

1949, pp. 1-175. (Biology, nests, fungus 
cultivation, termitophiles, damage, con- 
trol, predators.) 

1952, 1955. (Vol. 1, pp. 10, 23, 25, 29, 54, 
128, 137-139, 154, 295-296, 322-324, 326, 
436, 492, 498, 688-689, 711, 753-754. Vol. 
2, pp. 576-637.) 

Pence, R. J., 1956, pp. 553-554. (Kalotermes 
minor can exist in wood with 23 to 3% 
moisture, can adjust to temperatures of 
150° F.) 

1957a, pp. 91-95. (Adipose tissue, not chitin 
fluorescent.) 

1957b, pp. 238-240. (End-slotted moisture 
gradient test tubes set in battery jars, 
moisture 973% optimum (Reticulitermes 
hesperus), prefer black-dyed wood.) 

Pesson, P., 1959, PP. 41, 55, 78-79, 99, 104, 
109, 132, 137-138, 152, 167. (General, 
polymorphism; nests 30 ft. high; habitats 
temperature never falls below 15° C, 
regulate temperature nests, go below 
ground to escape cold or heat mate for 
life; nests in Africa 80 to 100 years old, 
longest-lived insect; queens Bellicosi- 
termes lay 36,000 eggs per day; neoteny; 
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trophallaxis; social regulation—inhibition 
castes; cultivation fungi by higher ter- 
mites for food for young; preferential 
nutrition controls production various 
castes; retrograde molts; temporary ori- 
entation, appreciation of duration of 
time?) 

Pickens, A. L., 1956, pp. 233-238. (Links and 
gaps in the common castes of termites.) 

RuHope Istanp Dept. AcRic. AND CoONSERVA- 
TION, Div. oF ENTOMOLOGY AND PLANT 
INDUSTRY, 1955, pp. 1-4. (Biology of sub- 
terranean termites. 

Ricuarp, G., 1956a, pp. 502-527. (Study of 
geotropism of Calotermes flavicollis.) 

1958a, pp. 571-575. (Calotermes flavicollis, 
effect of light on flight.) 

Roonwat, M. L., 1958a, pp. 77-100. (India, 
biology, ecology, review all phases re- 
search, list references.) 

1959, p- 511-523. (India, Coptotermes 
heimi, swarms from early Mar. to early 
Aug. at and after dusk; nests in dead 
wood; individuals do not live more than 
1 year; soldiers constitute 33% of a 
soldier-worker colony.) 

Roonwat, M. L., and Sen-Sarma, P. K., 1955, 
pp. 234-239. (Biology and damage by 
Neotermes gardneri, 15 trees, including 
Mangifera indica, injured, flights Feb. to 
July; Odontotermes flights occur en masse, 
once or twice a year.) 

Sanps, W. A., 1956, pp. 531-536. (Factors 
affecting the survival of Odontotermes 
badius, fungus Termitomyces micro- 
carpus may not support life for prolonged 
periods, source of vitamins or similar es- 
sential substances, symbiosis necessary for 
survival.) 

Scumupt, H., et al., 1955b, pp. 1-309. (Sys- 
tematics, nests, biology, economic im- 
portance, control.) 

Scumupt, H., 1956, pp. 129-130. (Laboratory 
studies of supplementary reproductives of 
Reticulitermes, the nymphs collect in 
herds of 80 to 100 and are guarded by 
a group of workers in a narrow chamber. 
They are kept isolated from other 
nymphs. Every 1 or 2 days they change 
their position. Further development al- 
ways takes place in the form of herds. 
Workers feed the nymphs stomodeal 
food.) 

19574, PP- 99-100. 
colony foundation by the 
termite.) 

StmEonE, J. B., 

(Germany, Hamburg, 
Hamburg 

1956, pp. 1-3. (US. New 
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York State, Reticulitermes flavipes and 
virginicus.) 

Sms, L., 1957, pp. 312, 322-323. ae 
SxairE, S. H., 1955, pp. 1-134. (Amitermes 

atlanticus in South Africa, 12 workers 
first year.) 

1957, PP. 373-390. (Kalotermes durbanen- 
StS, biology, distribution, damage, experi- 
mentation, rearing, food, protozoa.) 

Snyper, T. E., 1957¢, pp. 38-30. (Colony for- 
mation by supplementary reproductives 
of eastern Reticulitermes.) 

1960a, pp. 284-288. (General biology, world 
species. 

SrriEBEL, H., 1960, pp. 193-260. (Embryologi- 
cal development Kalotermes flavicollis, 
Zootermopsis nevadensis.) 

Stuart, A. M., 1961, p. 419. (Trail laying by 
various termites in laboratory tests, gland 
secretion produces trails.) 

Szent-Ivany, J. J. H., 1959, p. 423. (Papua 
and New Guinea, Coptotermes hyalo- 
apex.) 

Tu, T., 1954, pp. 17-27. (Ecological supple- 
ment to the Formosan Capritermes 
nitobei.) 

1956, pp. 12-18. (Biology Formosan ter- 
mites, damage and control in buildings.) 

Viuiers, A., 1960, pp. 1446-1448. (Uganda, 
study in discipline.) 
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VisHno!, H. S., 1955, pp. 143-144. (Royal 
cells of Odontotermes obesus with un- 
usually large openings, India.) 

Weesner, F. M., 1956, pp. 36-38. (Colony 
ee by Reticulitermes hesperus, 
US. 

1960, pp. 153-170. (World, termites more 
diverse than supposed. Variations great. 
Culture methods must be developed for 
Termitidae.) 

Werner, H., 1956a, pp. 55-105. (Africa, 
Angola, biology.) 

WILKINSON, W., 1957, pp. 441-443, 446. 
(Family unit, soldiers and workers, caste 
system, migration, food production, 
adaptability, dwellings, lodgers, defense.) 

Wiiuiams, R. M. C., 1959a, pp. 291-304. 
(Africa, Uganda, Cubitermes ugandensis 
development incipient colonies, feed on 
soil, exuviae, dead and living brood, 
copulate third day after colony founda- 
tion in laboratory, parthenogenesis rare, 
males more active in care young. Egg 
laying began 5th day after foundation. 
One egg in 14 days for 2 to 3 weeks, later, 
one every 53 days, 7 workers on average, 
no soldier. Dorylus (A.) kohli predator.) 

Zim, H. S., and Corram, C., 1956, pp. 30-31. 
(U.S.) 

BUILDING CODES 

CLEMENT, M. L., 1959, pp. 1-15. (U.S., south- 
ern standard building code, of Southern 
Building Code Congress, termite-proofing 
provisions, shields, resistant woods.) 

1960, sections ro1-2612. (U.S., sect. 1701.7, 
foundation sills, where clearance is less 
than 18 in., heartwood of durable species 

or pressure-treated wood using an ap- 
proved preservative, sills separated from 
unit masonry by corrosive resistant metal 
shield. In appendix 3, Termite control, 
1, Metal shields, 2, Foundation timbers 
treated with approved preservative.) 

CASTE DETERMINATION 

Brian, M. V., 1957, pp. 107-120. (Caste de- 
termination in social insects.) 

Bucuut, H., 1958, pp. 263-429. (France, 
Reticulitermes lucifugus and santonensis, 
nutrition and ectohormones influence 
caste determination. Larvae of first 2 
stages undifferentiated, crowding and 
nutrition influence differentiation, work- 
ers differentiate in stage 3, and continue 
to molt and grow up to stage 9, live at 
25° C. from 18 months to 5 to 6 years. 
Workers may be sexualized during stages 
5 and 6, effected by an insertion of an 
intermediate stage of “pseudonymph.” 
Soldiers transform from workers at all 

stages but principally at stages 5 and 6. 
Pseudoworkers may transform beyond 
stage 5 to mneoteinic reproductives or 
soldiers. Swarming not indispensable for 
copulation and egg laying.) 

Jucct, C., 1956, pp. 283-284. (Italy, endocrine 
gland important in differentiation of 
castes. ) 

Karser, P., 1955, pp- 303-304. (The organs of 
internal secretion in determination of 
caste.) 

1956, pp. 651-653. (Hormone organs con- 
tribute to caste development.) 

1956a, pp. 129-178. (The hormone organs 
in connection with the origin of castes.) 
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Kartson, P., and BuTeNHAND, A., 1959, pp- 
49-51. (Ectohormones of termites pro- 
duced by reproductives influence colony 
members, refers to Grassi and Sandias, 
Grassé, et al., Light and Liischner.) 

Liscuer, M., 1958b, pp. 144-150. (Effect of 
corpora allata on the origin of substitute 
reproductives.) 

1960, pp. 549-563. (Europe, Kalotermes 
fiavicollis, caste determination is con- 
trolled by hormones, after each pseudoer- 
gate molt corpora allata secrete juvenile 
hormone bringing individual into reac- 
tive state of competence for differentia- 
tion. The relative duration and intensity 
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of secretion of the different endocrine 
glands bring about differentiation.) 

Liscuer, M., and SprincHetTI1, A., 1960, pp. 
190-212. (Europe, Kalotermes flavicollis, 
role of corpora allata, seems to produce 
two different kinds of hormones, the 
juvenile hormone probably increases the 
competence for supplementary reproduc- 
tive differentiation. The gonadotropic 
hormone initiates presoldier differentia- 
tion.) 

Pickens, A. L., 1956, pp. 233-238. (Links and 
gaps in the common castes of termites.) 

SxairE, S. H., 1954, pp. 345-353. (Caste dif- 
ferentiation Amitermes atlanticus due to 
extrinsic causes.) 

CHEMICAL ANALYSIS 

AsEenyjo, C. F., Amoros-Marin, L., Torres, 
W., and Det Campitto, A., 1958, pp. 
185-195. (Puerto Rico, analysis West 
Indian mahogany (Swietenia mahogani) 
isolated waxy-white substance strongly 
repellent to termites. P, fraction varied 
in effectiveness.) 

Boyer, P., 1956, pp. 801-803. (Africa, study 
of soil, distribution and amounts of basic 
substances, in the mound material of 
Bellicositermes natalensis.) 

1958, pp. 479-482. (Africa, influenced by 
the reuse by the termite and the erosion 
of it of the soil evolution of the cement 
of the mound of Bellicositermes rex.) 

1958a, pp. 488-490. (Africa, the material 
composing the giant mound of Bellicosi- 
termes rex, clay is the base of the 
cement.) 

Hesse, P. R., 1955, pp. 449-461. Soil of termite 
mounds are not altered chemically.) 

Matpacue, M., 1959, Pp- 343-359. (Belgian 
Congo, Macrotermitinae take soils from 
depth, texture finer in mounds than in 
adjacent soils; no difference for Ami- 
termes mounds; mounds Cubitermes and 
Nasutitermes have greater rate fine ele- 
ments than surrounding soils which con- 
tain important amount of iron oxide con- 
cretions. Mounds Macrotermitinae poorer 
in organic matter than adjacent land, 
but contrary occurs in mounds Cudi- 
termes, Nasutitermes, and Amitermes.) 

Manzanita, E. B., and Ynatvez, L. A., 1958, 
p. 36. (Essential amino acid content of 
some tropical termites, Philippines, 
arginine, histidine, lysine, and phenylal- 
anine in three species tropical termites.) 

CONTROL 

Acarwata, S. B. D., 1955, pp. 533-537. (Aldrin 
and dieldrin most effective in control of 
Microtermes obesi attacking sugarcane, 
chiefly in India.) 

AcarwaLa, S. B. D., and Hague, M. W., 1955, 
Pp. 347-348. (Effects of BHC treatments 
of soils in protection against Odonto- 
termes assmuthi and growth of sugar- 
cane.) 

Acarwata, S. B. D., and Suara, C., 1954, 
pp. 78-79. (Aldrin and dieldrin out- 
standing in control Microtermes obesi on 
maize in Bihar.) 

ANONYMOUS, 1955, pp. 44, 46-48, 50. (Proper 
care and maintenance of termite equip- 
ment pays off.) 

1956c, pp. 42-56. (Standard termite control 
methods for U.S. Dept. Defense.) 

1956f, p. 186. (Best advice on control.) 
1956g, pp. 18, 20, 22. (BRAB report criti- 

cized. 
1957a, pp. 66, 68. (Questions and answers 

on control. 
1957b, p. 85. (Cryptotermes, the drywood 

termite.) 
1957d, pp. 6-8, 23, 25. (Vapor barriers, 

asphalt paper, penetrated.) 
1957p, pp. 16, 18, 20, 30. (Clays kill dry- 
wood termites, cinders or sand soil bar- 
riers; dieldrin has some vapor toxicity; 
EDB fumigation slabs.) 

1958c, pp. 34, 36, 38, 40. (PCO equipment 
directory. 

1958i, pp. 1-7. (Soil treatment.) 
1958k, p. 22. (California, Dr. I. B. Tarshis, 

U.C.L.A., stated SG 67, a treated silica 
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aerogel (Davison Chem. Co., Baltimore, 
Md.), nontoxic sorptive dust, effective 
preventive for drywood termite, use 1 Ib. 
to 1,000 sq. ft. of attic area.) 

1958l, pp. 113-119. (Termite protection, 
pp. 113-118, only mandatory in region of 
heavy attack; concrete foundations, rein- 
forced concrete caps, metal shields, soil 
treatment, treated lumber; in areas where 
drywood or dampwood hazard, addi- 
tional precautions required. Decay, p. 
119, treated lumber, resistant woods.) 

1958n, pp. 2-10. (Australia, termite-proofing, 
control, 

1959, pp. 17-19. (U.S. Dept. Agric. methods 
soil treatment.) 

1959a, p. 17. (U.S., cooperation with 
builder, view building plans, bid early, 
advertise.) 

1959b, pp. 19-20, 22-23. (U.S., Savannah, 
Ga. Navy project, timing pretreatment 
of construction, performance bond, work 
with field superintendent.) 

1959d, pp. 1-4. (U.S., National Better Busi- 
ness Bureau warns against termite quack- 
ery and recommends National Pest Con- 
trol Association’s advice on how to pur- 
chase wisely.) 

1950j, Pp. 30, 32, 34. (Abbot Exterminating, 
pretreatment 837-unit Fort Campbell, 
Ky., housing project soil poisoning, wood 
preservation, 1958-1961. 

9608, p. 5. (US., statistics by R. E. Heal, 
Exec. Secy., National Pest Control Assoc., 
on pest control industry; 15,000 to 20,000 
service personnel in industry, 225-million- 
dollar annual business; 40% or go million 
dollars derived from pre- and post-con- 
struction termite work alone.) 

1960k, pp. 56, 58. (U.S., no Approved 
Reference Procedure for pretreatment 
recommended as yet by National Pest 
Control Assoc., common procedures used 
outlined, use dyes, etc.) 

1960l, p. 182. (U.S., 3 types termites, call 
on licensed pest control operator.) 

1960n, pp. 28, 34, 36, 46, 48, 50, termites; 

PP- 50, 51, 56, fumigation; pp. 51, 54-56, 
safety. (U.S., equipment directory for 
control.) 

19600, pp. 62, 64-69. (U.S., how to choose 
efficient equipment and methods for 
drilling masonry, hardness, abrasiveness, 
moisture factors affecting drilling, also 
types bits, sharpening, application-pres- 
sure, speed, use of rigs.) 

1960p, p. 70. (U.S., termite publicity pro- 
gram, series news stories sent to news- 
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papers in various States, damage, issuance 
of statements by local authority, cartoon.) 

196ot, p. 5. (U.S., National Pest Control 
Assoc. offers insured termite control serv- 
ice warranty on both corrective and pre- 
treat work to qualified members.) 

1960u, p. 46. (U.S., National Pest Control 
Assoc. board approves insured termite 
control service warranty program. Cor- 
rective work and preconstruction termite 
prevention treatment, qualified members 
Participate for insurance by depositing 
$35 covering 10 warranty jobs; Lexington 
Insurance Co., Wilmington, Del.; mem- 
bers responsible for retreatment for first 
$100, repairs in excess of $100 filed with 
NPCA. Damage occurring within 1 year 
after service will be made at expense of 
TO and/or NPCA not to exceed $5,000.) 

1960v, pp. 56-57. (U.S., how to sell soil 
poisoning pretreatment of buildings to 
various groups interested in building.) 

1960w, pp. 28-30, 32-34. (US., termites pp. 
28-30, heptachlor, and sodium arsenite 
added, in National Pest Control Assoc. 
supplement to ARP (approved reference 
procedures for termite control), to list 
chemicals accepted by FHA, rates appli- 
cation, inspections, etc.) 

1960y, pp. 42-43. (U.S., free inspections 
on way out, term “clearance” not to be 
used, termite report safer legally.) 

19602, pp. 1-5. (Philippines, U.S. methods.) 
1960a!, pp. 34, 36. (U.S., should concrete 

block foundations be treated at grade 
level or near footings? Experiments under 
way; above grade level most effective?) 

1960b1, pp. 1-15. (U.S., design of wood 
structures for permanence, National 
Lumber Manufacturers Assoc. recom- 
mends: sanitation, sound foundation, 
drainage, ventilation, proper clearance, 
durable or treated wood, metal shields, 
periodic inspection for termite preven- 
tion, detailed diagrams.) 

1959, Pp. 429-432. (Saudi 
Arabia, Microcerotermes diversus attack- 
ing live plants.) 

Beat, J. A., 1958, pp. 20, 22. (Soil poisoning 
dosages, poisoned vapor barriers, insulat- 
ing materials tested.) 

BEEcHEM, H. A., 1955, pp. 36, 50. (Methyl 
bromide poisoning, gas in applicator near 
lethal concentration. 

BeesLey, J., 1957, Pp. 4-6, pp. 1-3, 3-4. 
(Australia, eradicating termites from 
buildings.) 
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Benner, A. H., 1959, p. 68. (U.S., clean-up 
equipment—brushes, rags, trash cans, 
vacuum cleaner and drill combination.) 

Boettcrr, C. R., 1957, pp. 105-121. (Protec- 
tion of construction timber. 

Bowser, C. A., 1955, pp. 9-10, 12. (Federal 
Housing requirements. 

Bren, W. L., et al., 1955, pp. 44, 46-48, 50. 
(Equipment care and maintenance. 

Brickey, P. M., 1957, pp. 33, 36. (Prices 
must be adjusted. 

Batectes, P. H., 1954, pp. 73-76. (Resistant 
wire, soil poisons. 

BrinKMAN, G., 1956, pp. 199-202. 
Busweti, W. S., JRr., 1955, p- 44. (In roof.) 
Butts, W. L., 1959, p. 32. (Chemical disper- 

sion in concrete blocks. 
Capinpin, R. I., 1955, pp. 170-172. (Philip- 

pines, termite-proofing foundations.) 
Casrmir, M., 1957, pp. 67-68. (Australia, detec- 

tion and control. 
Ceyton Coconut ResgArcH INsTITUTE, 1958, 

pp. 1-2. (Ceylon, paradichlorobenzene in 
planting holes.) 

Cuaaraoul, A. M., and Cuanovan, A. A. M., 

1955, Pp. 286-297. (Egypt.) 
CuHatTTeryji, S., Sarup, P., and Cuopra, S. C., 

1958, pp. 399-405. (India, dieldrin, DDT, 
and BHC mixture (50:50) superior to 
DDT and toxaphene mixture (50:50), 5, 
10, 15, and 20 lb. to acre applied to soil 
once before planting.) 

1960, p. 108. (India, control termites attack- 
ing wheat by insecticides.) 

Cements, W. B., 1955, p. 32. (U.S., Florida.) 
Coaton, W. G. H., 1958, pp. 1-112. (South 

Africa, hodotermitid harvester termites, 
poison baits—sodium fluosilicate grassveld 
reclamation, arresting soil erosion.) 

Das, G. M., 1959, pp. 493-498 (p. 8, reprint). 
(NE. India, Microcerotermes sp. live wood 
eater, dieldrin as soil poison, use leads to 
injury by other insects.) 

Davis, J. J., 1955, pp. 1-3. (Prevention and 
control, U.S.) 

Davtetsuina, A. G., and Bocotyusova, A. S., 
1960a. (U.S.S.R., Anacanthotermes tur- 
Restanicus, results of experiments on con- 
trol in Golodnaya Steppe.) 

Dickinson, L. E., 1961, pp. 40-43. (General: 
Taiwan, damage to underground cable, 
control coat with pentachlorophenol. 
Australia, use of vaseline-based serving 
containing arsenic applied to outside lead 
sheathing, also attack on plastic sheathed 
cable. Panama, cables employing jute 
fillers attacked. Hawaii, termites eat 
through synthetic rubber, polyethylene or 
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neoprene insulation, control blow penta- 
chlorophenol or chlordane into ducts. 
Cuba, synthetic insulation type cable re- 
placed. Congo, termite hills too close to 
lines must be removed.) 

Dmter, J. D., 1958, pp. 1-3. (U.S., in crawl- 
space houses, on basis cost and perform- 
ance for 9 to 10 years, most desirable 
moisture-barrier ground cover two layers 
asphalt-saturated felt. Installed cost $24 
for coverage 1,000 sq. ft. area. Where 
much physical wear, 45-lb. roll roofing, 
or heavier grade asphalt-saturated felt 
more durable.) 

Dmon, R. M., (Ed.), 1956, pp. 1-60. (Pro- 
tection against decay and termites in resi- 
dential construction for FHA-concrete 
or masonry capped foundations, shields, 
treated wood, or soil poisons.) 

1958, pp. 1-33. (Vapor-barriers not recom- 
mended; all structural lumber must be 
treated.) 

Doerine, K. W., 1958, pp. 46, 48, 50. (How 
termites affect approval of Veterans Ad- 
ministration home loans.) 

EsExinc, W., 19594, pp. 24-25, 46-47. (USS., 
California, how to prevent termites from 
ruining your house, danger in doing 
control work yourself, licensed operators 
and trade associations have raised stand- 
ards, structural alterations, insecticides, 
treated wood, poison dusts, wood pres- 
ervation, fumigation, silica aerogel, for 
control drywood termites.) 

EseLinc, W., and Pence, R. J., 1956, pp. 46, 

50, 52, 54, 55> 56-57, 58, 62, 64. (U.C.L.A. 

entomologists evaluate research data on 
control Kalotermes and Reticulitermes.) 

1958a, pp. 1-16. (Prevention and control 
western subterranean termite.) 

EBELING, W., Pence, R. J., and Wacner, R. E., 
1958, pp. 50, 52. (Period for 50% paraly- 
sis: lindane outstanding; period for 50% 
mortality; pentachlorophenol, dilution 
affects results—subterranean termites. 
Drywood termites can be prevented from 
reinfesting buildings by dusting timbers 
with inert dusts which remove lipids of 
epicuticle causing rapid desiccation.) 

EsELING, W., and Waener, R. E., 1959, pp- 
40, 42, 44-46. (U.S., California, control 
drywood termites. Woodtreat-TC, to kill 
and aerogels to prevent attack.) 

1959a, pp. 5-8. (Same as 1959.) 
1959b, pp. 190-207. (U.S., California, dry- 
wood termites more susceptible to sorp- 
tive than to abrasive dusts, remove lipoid 
protective layer covering epicuticle caus- 
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ing rapid loss water after crawling on 
thin film dust. Lose 30% of body weight 
in water, then die. Silica aerogels par- 
ticularly effective. Water soluble fluorides 
incorporated into the silica gels greatly 
increase effectiveness with increasing rela- 
tive humidities. After wax is disrupted, 
fluorides can act as contact insecticides, 
ability to adhere to dusted surfaces in- 
creased.) 

Emerson, A. E., 1958, in Weyer (Ed.), 1958, 
pp. 2798-2807. (Damage and control.) 

Essic, E. O., 1958, pp. 112-119. (Western 
North America, Zootermopsis, Reticuli- 
termes.) 

Ferrero, F., 1950, pp. 30-31. (France, 
Banyuls, Eastern Pyrenees, Calotermes 
flavicollis attacking grapevines controlled 
by use dieldrin as dust (20% active ma- 
terial) or suspension with 1.5 1. dieldrin 
per roo |. water, soil thoroughly treated 
especially around roots, and dust or spray 
applied under pressure. Wounds should 
be dusted.) 

FeyrTaup, J., 1957, pp. 1-117. (France, control 
in buildings.) 

Fonseca, J. P. C. DA, 1952-1954, pp. 13-10. 
(Control Syntermes injurious to Eucalyp- 
tus seedlings with organic insecticides, 
Brazil.) 

Forest Propucts JOURNAL, 1957, pp. 23A- 
27A. (U.S., practical approach to pre- 
vention of decay and termites in build- 
ing construction.) 

Francia, F. C., 1957, pp. 29-30. (Philippines, 
control subterranean termites. 

19574, pp. 15-17, 19. (Philippines, control 
drywood termites.) 

Francia, F. C., and Vatino, A. J., 1960, 
pp. 21-25, 31. (Philippines, importance 
various species, descriptive notes, habits, 
distribution, control.) 

FRENCH STANDARDS ASSOCIATION, 1957, Pp. I- 
12. (France, Reticulitermes lucifugus and 
R. lucifugus subsp. santonensis, detection, 
prevention, control.) 

Garticx, G. G., 1956, pp. 485-488. (U.S., re- 
port of Building Research Advisory Board 
Committee on Protection Against Decay 
and Termites in Residential Construc- 
tion.) 

Gay, F. J.. and Weatuerty, A. H., 1959, pp. 
26-28. (Australia, powerful contact toxic 
effect by adding small amount dieldrin 
to concrete during mixing, good perma- 
nence.) 

Giratpt, G., 1955, pp. 487-498. (Italy, Venice, 
structural, soil poisons, wood preserva- 
tion.) 
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Gésswatp, K., 1958, pp. 129-151. (France, 
Calotermes flavicollis control by syn- 
thetic insecticide, Thiodan, carburetted 
hydrogen gas.) 

Gouse, D., 1960, pp. 30, 64. (U.S., Muncie, 
Ind., pest control operator designs Ford 
tank truck for pumps, hose, tools, etc., for 
termite work.) 

GraHaM, J. F., 1957, p. 64. (Africa, Kenya, 
destruction termite nests. 

Greaves, T., 1959, pp. 114-120. (Development 
even age stands in alpine areas will pre- 
vent attack by Porotermes adamsoni; 
Coptotermes acinaciformis controlled by 
blowing % to % oz. white arsenic dust 
into nursery with portable dust gun. 
Silvicultural methods will assist in control 
Coptotermes but insecticides necessary in 
mixed age stands, Australia.) 

Gunperson, H., 1957, pp. 1-8. (U.S., Iowa, 
detection and control.) 

Gunn, J. W., 1952, p. 28. (Purdue University 
conference report.) 

Harris, W. V., 1955a, pp. 12-13. (Australia, 
war on white ants. ) 

1955), pp. 1-6 (Prevention damage to build- 
ings, British Commonwealth 

1959a, pp. 47-50. (World crops.) 
1960a, pp. 73-76. 
1960c, pp. 103-106. (Damage to timbers by 

different types termites of world, control 
by wood preservatives and barriers.) 

Harris, W. V., and Brown, E. S., 1958, pp. 
737-750. (Solomon Islands, concrete 
foundations, shields, wood preservation.) 

Hartwic, E. K., 1955, Pp. 361-366. (Destruc- 
tion Trinervitermes nests, South Africa, 
by mechanical and chemical methods: 
winged appear in Apr. or June, according 
to rains; tobacco dust or dimethyl para- 
thion powder, 20%, no harmful effect.) 

1956, pp. 629-639. (Africa, Trinervitermes, 
population distribution as basis for con- 
trol measures.) 

Harriet, I., 1958, pp. 36, 38, 40, 42, 44. (Most 
economical combined fungicide and wood 
eb, control chemical—pentachlorophe- 
nol 

HetstersurG, W., 1958, pp. 66-67. (Austria, 
criticism of Kurir’s 1958 paper on termite 
danger in Austria.) 

1959, pp. 142-143. (Austria, introduction 
and radical eradication possibility.) 

Herrs, A., 1959, pp. 148-150. (India, dip 
sugarcane cuttings in aqueous emulsions 
DDT, 0.25% BHC, 1% chlordane, 1% 
aldrin, 0.25 to 5% dieldrin; dust furrows 
with 5% BHC or chlordane at a level of 
20 Ib. per acre effective. Dosages higher 
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than 1 lb. BHC per acre injured growing 
shoots. Chlordane improves growth at 
0.75 or 5 |b. per acre.) 

Hick, N., 1957, p. 23. (East Africa, Cryp- 
totermes brevis. 

Hoac, R., 1959, pp. 3-5, 9. (California, Struc- 
tural Pest Control Board rules.) 

Hotpswortu, H. P., 1959, pp. 1-6. (Ohio.) 
Hppy, I., and HrpA, J., 1960, pp. 209-215. 

(Czechoslovakia, effect of DDT and 
gamma BHC, Lindane on Kalotermes 
flavicollis and Reticulitermes lucifugus.) 

Hunt, F., 1958, pp. 1-3. (U.S., Florida home- 
owners termite guide.) 

IsHERWoop, H. R., 1955, pp. 12, 14. (Equip- 
ment for subterranean termite control.) 

JacoutoT, C., 1957, pp. 1-7. (France, resistant 
woods, products used for control.) 

Jaxosi, H., and Loyora E. Sirva, J. DE, 1959, 
pp. 113-117. (Portugal, control of para- 
sites of termites by biochemistry, sym- 
biosis, defaunation by an antibiotic— 
Acetarson, flagellates in Eucryptotermes 
in three days, no injury to termites.) 

Jenkins, C. F. H., 1960, pp. 117-123. (West 
Australia, sanitation, ventilation, inspec- 
tion, termite-proof construction, shields, 
soil poisons, wood preservation, resistant 
woods.) 

Jonss, G. D., 1958, pp. 1-2. (U.S., North Caro- 
lina. 

Jorrranp, M., and Dertiieux, E., 1959, pp. 
111-129. (Belgian Congo, Elizabethville, 
leveling, tillage, and costs, mound nests.) 

KALYANARAMAN, V. M., NarayANASWAMY, 
P. S., and Davn, A. L., 1960, pp. 166-171. 
(India, sugarcane, by insecticides.) 

Kassas, A., CHAARAWI, A. M., Hassan, M. I., 
and SHaHwan, A. M., 1960, pp. I-OI. 
(Egypt, control Anacanthotermes ochra- 
ceus, Psammotermes fuscofemoralis and 
assuanensis.) 

Karz, H., 1958, p. 49. (Treat soil, where old 
woody shrubs grow near foundation, with 
aqueous solution of toxicant to control 
subterranean termites.) 

1959, p. 46. (Exposed threshold under door 
on side facing worst weather conditions 
accumulates water, can provide termites 
with moisture reservoir, no ground con- 
tact needed, use Woodtreat-TC on wood 
nearest wet threshold.) 

Kirkpatrick, T. W., 1954, pp. 126-132. (Brit- 
ish Commonwealth, developments in ter- 
mite research.) 

Koppenuarer, W. D., 1960, pp. 54-55. (U.S., 
Albany, N.Y., quotation sheet for esti- 
mating costs and justifying bids by Aba- 
lene Pest Control Service.) 
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Kowat, R. J., 1957, pp. 155-156. (The Na- 
tional Research Council’s BRAB report 
on protection against decay and termites 
in residential construction.) 

19578; Pp. 9, 10, 36. (Index to cooperating 
public agencies in termite control.) 

1958, p. 401. (Southern U.S., research on 
control.) 

Kurir, von A., 1958, pp. 8-15. (Austria, Re- 
ticulitermes flavipes, destruction all build- 
ings in infested area and burning all 
wood in them, chemical treatment brick 
and mortar debris, fumigation soil.) 

1958a, pp. 84-87. (Austria, Reticulitermes 
flavipes eradication with cobalt 60 or 
strontium go, not in favor of Long-Term 
Control.) 

1959, pp. 101-104. (Austria, radical control 
methods, radiation.) 

Kyte, C. V., 1958, pp. 32, 34, 36, 38, 49. (US., 
removal and replacement floor tile.) 

Latir, A., and Jian, S. G., 1957, pp. I-12. 
(Pakistan, control termites on chillies.) 

Lez, P. G. M., 1959, pp. 34-35. (Malaya, 
structural and chemical barriers. 

1959a. pp. 63-64. (World, crops.) 
LeFevre, F., 1956, pp. 47-50. (Control of ter- 

mite damage, date palm station, Kan 
Kossa, Mauritius.) 

Lemire, E. H., 1959, pp. 36, 38. (U.S., when 
to sell home building market preconstruc- 
tion treatment.) 

Lewis, R., 1958, pp. 33. (Chevrolet equip- 
ment truck with compartments and 
pump, Muncie, Ind.) 

Lone, E. J., 1955, pp. 14-16. (U.S., termite 
counterattack.) 

Lyons, F. H., 1956, pp. 112-114, 203-206. 
(How to protect against termites in con- 
ventional construction.) 

1956a, pp. 203-206. Idem. 
struction.) 

Mauer, P., 1955, pp. 18, 20, 44. (Pretreat- 
ment with 4% chlordane emulsion, slab 
homes.) 

Matus, A., 1960, pp. 219-324. (U.S., damp- 
wood, drywood, subterranean termites.) 

Manus, M. W., 1958, pp. 36, 38, 40. (US., 
California, termite report must not mis- 
represent, inspection, legal liability.) 

Martinez, J. B., 1956, pp. 102-117. (Spain.) 
1957, pp. 147-161. (Canary Islands.) 

Mason, N. P., 1958, p. 18. (Termite protec- 
tion required by FHA in United States 
of building in danger zone; inspection 
once or twice a year; destroy tunnels, if 
reach wood, call an exterminator.) 

1958a, pp. 19-20. (Minimum property 
standards for FHA in the U‘S. for ter- 

(Slab-type con- 
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mite control, including both physical and 
chemical barriers.) 

Matuur, R. N., 1960a, pp. 376-378. (India, 
control in houses, sanitation, ventilation, 
grading, drainage, sound foundations, 
proper clearance, periodic inspections, soil 
poisons, metal shields, resistant woods, 
wood preservatives, destruction nests by 
poisons.) 

Mayer, P., 1955, pp. 18, 20, 44. (U.S., built-in 
termite proofing. 

Mesecuer, R. B., 1957, pp. 20, 22, 45. (US., 
California, how to remove, repair, re- 
place baseboards.) 

Metcatr, R. L. (Ed.), 1957, pp. 147-192. (Use 
chemicals as pesticides, repellents: or- 
ganic phosphorous insecticides.) 

1958, pp. 1-426. (Application pesticides, 
residues, insect resistance. 

Moum1s, L. A., 1955, pp. 48-51. (Mauritius, 
household.) 

Newsam, A., and Rao, B. S., 1057, pp. 98. 
(Coptotermes curvignathus attacking rub- 
ber trees in Malaya controlled with aldrin, 
less costly than superior dieldrin, chlor- 
dane less persistent.) 

1958, pp. 209-215. (Malaya, Coptotermes 
curvignathus controlled by treating soil 
about trunk with 0.4% BHC dust (2 oz. 
around collar); 5% DDT or 5% toxa- 
phene failed; emulsions more effective 
than dusts. % gal. per planting hole, 
emulsions of chlordane, aldrin, dieldrin 
effective, dieldrin most persistent.) 

New Soutn Wares Derr. Acric., ENToMo- 
LocicaL BraNcH, 1958, pp. 1-19. (Aus- 
tralia, N.S. Wales.) 

Niruta, K. K., AntHony, J., and Menon, 
K. P. V., 1953, pp. 26-34. (Chlordane and 
parathion mixed with soil effective against 
Termes obesus attacking coconut seed- 
lings, India.) 

Orr, L. W., 1959, pp. 639-640. (US., soil 
poisons cannot be relied on alone, sanita- 
tion, drainage, ventilation, proper clear- 
ance, impervious foundations, treated 
wood; disturbance symbiosis with pro- 
tozoa.) 

Osmoun, J. V., 1957a, pp. 592-593. (Response 
of Reticulitermes flavipes to certain in- 
secticides.) 

Osmun, J. V., and Prenpter, D. C., 1955, pp. 
479-480. (Device for subslab injection of 
insecticides by pressure.) 

Pacxarp, H. R., 1955, pp. 25-26, 28. (Coopera- 
tion between termite operator and real 
estate agencies in California.) 
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ParcHeER, J. V., and Mgans, R. E., 1959, pp. 
29-30, 32. (U.S., characteristics soil, co- 
hesion, plasticity, strength, void ratio, 
loads on sand, clay, shrinking and swell- 
ing.) 

19594, pp. 57-58, 60. (U.S. chemical ap- 
plication, structural safeguards, penetra- 
tion soil, soaking or low-pressure injec- 
tion for coarse-grained soil, pressure in- 
jection for fine-grained soils; effect of 
building on water content of clay and dry 
soils.) 

Parry, M. S., 1949, pp. 287-292. (Africa, 
Tanganyika, Eucalyptus plantations.) 

Parsons, H. L., and Eurvicu, A., 1961, pp. 
20, 23-24. (Use AM-9-American Cyana- 
mid Co. water-soluble mixture of acryl- 
amide and N,N-methylene-bisacrylamide 
to solidify soil. A 10% mixture by weight 
in water prepared and 2 catalysts added, 
resulting in a gel. Solution applied in 
rodding holes, 8 in. apart, parallel to 
wall. Mass of soil patricles held together. 
Dries out soil. Toxic, remove plants. 
May be applied with insecticide?, not 
determined.) 

Pearson, E. O., and Maxwett-Darrine, R. C., 
1958, pp. 61-63. (Tropical Africa, dam- 
age to cotton by Hodotermes can be al- 
lowed for by closer spacing; subterranean 
termites can be controlled by use bait 
sawdust poisoned by paris green applied 
at time thinning; ground applications 
BHC effective.) 

Pence, R. J., 1958, p. 56. (Chemically treated 
asphalt vapor barrier stops termites—1% 
chlorinated hydrocarbons added to as- 
phalt.) 

Pepper, J. O., and GeseExt, S. G., 1959, pp. 1-8. 
(U.S., Pennsylvania, detection and con- 
trol.) 

PurusHoTHAM, A., SEBASTIAN, V. O., and Gro- 
ver, P. N., 1950, pp- 15-19. (India, pro- 
tection timber logs from termites.) 

RancEL, J., Gomes, J., and Souza, H. D., 
1952-1955. (Control of Nasutitermes bre- 
vioculatus by disinfection of sugarcane 
cuttings with Rhodiatox, Rodiaclor, and 
other insecticides, Brazil.) 

Repp, J. C., 1957, pp. 37-38, 46. (Special con- 
trol specification needed for each struc- 
ture.) 

RENO, J., 1960, pp. 27-28. (Protection of houses 
with basements against termites.) 

1960a, p. 77. (U.S., protection against ter- 
mites for houses with slab floors.) 

Roonwat, M. L., 1955a, pp. 22-23, 26, 30. 
(Fighting the white ant, India.) 
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1958a, pp. 77-100. (India, mounds, water 
suspensions chlorinated hydrocarbons, 
fumigation; sugarcane, soak setts, dust 
furrows BHC; other crops, chlorinated 
hydrocarbons—fruit trees, soil poisons, 
spraying trunks, paste on trunks, DDT, 
BHC; wood, resistant woods, shields, 
wood preservatives.) 

Rut, D., 1956, pp. 1-2. (Italy, Venice, 4% 
malathion and 1% gamma benzene hexa- 
chloride in kerosene unsuccessful against 
Reticulitermes lucifugus.) 

Russet, R. M., 1958, pp. 74, 76, 78, 80. (Re- 
lationships construction to infestations by 
subterranean termites, floating, supported, 
and monolithic slabs; costs resistant 
woods; vapor barriers, expansion joints.) 

St. Grorce, R. A., 1957, pp. 38, 40, 42, 44. 
(Subterranean termites attacking yews in 
Maryland controlled with chlordane 
emulsion.) 

St. Georcz, R. A., Jonnsron, H. R., and 
Kowar,, BR. J5°'T960;, pp. 1-30.) (US., 
recommendations of Forest Service, fol- 
lowing BRAB reports.) 

Sanps, W. A., 1960, pp. 106-108. (West Africa, 
control termites damaging living trees, 
dieldrin emulsion in planting holes; use 
polythene planting pots, use 2% dieldrin 
dust. Mechanical cultivation in planta- 
tions.) 

Sastry, K. S. S., 1956, pp. 77-83. (India, Vis- 
vesvaraya Canal Tract, Odontotermes 
obesus injury to sugarcane.) 

Scumiwt, H., 1955a, pp. 222-224. (Methods of 
research on wood products.) 

Scumitt, J. B., Lipsy, J. L., and Wrson, 
B. R., 1960, pp. 1-16. (U.S., chiefly Re- 
ticulitermes flavipes.) 

Scumitz, G., 1956, pp. 1551-1596. (Belgian 
Congo.) 

1957, PP- 229-230. . 
Scott, K. G., 1960, pp. 35, 36, 38. (US, 

Southern California, shields not neces- 
sary, usually 4 or 5 control methods neces- 
sary; all areas should be pretreated, not 
only critical areas, 5-year guarantee im- 
practical.) 

Suara, D. K., 1959, pp. 18-19, 22. (India, 
termites must be tackled. 

Smeonez, J. B., 1956, pp. 1-3. (U.S., New York 
State, prevention and control subterranean 
termites.) 

Sms, L., 1957, pp. 312, 322-323. (U.S.) 
SinEv’nikov, N. A., 1950, pp. 38-48, (U.S.S.R., 

the use of DDT in the contro! of ter- 
mites.) 
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Sincu, S. H., Sanpuu, G. S., and Arora, K. S., 

1958, Pp. 331-332, 335-336. (India, Pun- 
jab sugarcane). 

Sincu, S. S., 1957, pp. 19-20. (India, preven- 
tion termites entry through cracks in 
floor, provide in certain areas layer clean 
dry sand of 9-inch thickness below floor.) 

Sincu, S. S., and SHarMa, P. L., 1957, pp. 9I- 
95. (India, aldrin 0.4 oz. 40% emulsion 
concentrate in 12 gal. water effective in 
destroying nests Odontotermes gurdas- 
purensis.) 

SmitH, C. F., 1954, pp. 16-17. (U.S., south, 
stop termite attack.) 

1960, pp. 40-41. (U.S., North Carolina, 
3-year-old inspection form for wood- 
destroying organisms developed through 
cooperation with the Veterans Adminis- 
tration still acceptable.) 

SmitH, D. N., 1945, pp. 1-12. (British Colum- 
bia, dampwood and subterranean.) 

Smit, M. W., 1956a, pp. 36, 38, 40. (Sub- 
terranean termites. 

1957, PP- 34, 36, 38, 42. (Slab-type houses.) 
Snyper, T. E., 1955f, pp. 50, 66. (Colonizing 

termites.) 
1956, p. 36. (Venezuela, control by poison 

dust infestation from roof by subterra- 
nean termites.) 

1956f, pp. 27-37. (World.) 
1957b, p. 3. (Summary BRAB report, pro- 

tection in residential construction.) 
1960a, pp. 284-288. (Control, general.) 

Soares, J., 1958, pp. 230-232. (Portugal.) 
Spear, P. J., 1956, pp. 1-4. (Termite control 

in U.S. 35% of 100-million-dollar annual 
pest-control business; recommendations 
BRAB report; State legislation; 130 
gradute entomologists in commercial 
work.) 

1958, pp. 49-50. (Pest control in structures 
in the U.S. 100-million-dollar business an- 
nually, 35% termite control, 25% fumi- 
gation.) 

Spector, W. S. (Ed.), 1956, p. 491. (Hand- 
book.) 

Srivastava, J. C., 1957, p. 743. (India, protec- 
tion sugarcane. 

Stronc, V. E., 1956, pp. 38, 40. (Cost routine 
inspection, California. 

Tuakur, C., Prasap, A. R., and Srvcu, R. P., 
1958, Pp. 155-163. (0.5 Ib. dieldrin per 
acre protects sugarcane against Micro- 
termes obest, Odontotermes assmuthi, and 
Trinervitermes heimi, India; no adverse 
effect on soil fertility.) 

1961, pp. 127-131. (India, Pusa, in calcareous 
soil both aldrin and dieldrin effective as 
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dust and emulsion in protecting sugar- 
cane, dieldrin having longer residual 
effect.) 

THORNHILL, F., 1955, pp. 16, 18. 
ToumanorfF, C., and Toumanorr, T. C., 1959, 

pp. 216-218. (France, biological control 
by Serratia marcescens, “Reticulitermes 
santonnensis.”) 

Tu, T., 1953, pp. 277-287. (Formosa, insecti- 
cidal action of various chemicals and by- 
products of camphor on Coptotermes 
formosanus.) 

1956, pp. 12-18. (Formosa, control in build- 
ings. 

Vance, A. M., 1956, pp. 10, 18, 24. (South- 
western U.S., lawns protected by 1% gal. 
75% (8 lb. per gal.) chlordane emulsifi- 
able concentrate, loosen soil before appli- 
cation, Gnathamitermes.) 

VanetTI, F., 1959, pp. 437-443. (Brazil, Cor- 
nitermes cumulans. 

VayssikrE, P., in Coste, 1955, p. 241. (World, 
biological control in coffee plantations.) 

VayssIERE, P., 1957, pp. 473-480. (Malaya.) 
Waener, R. E., and Esetinec, W., 1959, pp. 

208-211. (U.S., California, insecticide dilu- 
ents, silica gels, aerogels or precipitates, 
montmorillonite clays, attapulgite clays, 
diatomites, in decreasing order effective- 
ness as preventives. Lighter material su- 
perior to heavier, increase with distance 
from point of discharge.) 

COURT 

ANonyMous, 1957j, p. 46. (U.S. Michigan 
court held suppressing a material fact 
constitutes fraud.) 

YeaceR, P., 1957, pp. 26, 28, 30, 43, 45. (Trend 
toward greater leniency in tax deducti- 
bility for termite loss, especially if dam- 
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Warp, J. C., 1958, pp. 14-16. (U.S., use pesti- 
cides with care. 

Werpner, H., 1955g, 7 Schmidt, H. (ed.), 
1955b, pp. 160-164. (Control of termites 
injurious to plants.) 

Wirxinson, W., 19574, pp. 493-494. (World.) 
Wutcocxs, F, Ce and Bauaat, S., 1937, p 

217. (Egypt, termites injure young cotton 
plants in Sudan, no records in Egypt.) 

Wison, H. B., 1959, pp. 35, 37s 39, 41, 43, 45 
47-49, 51, 53, 89-91, 93-95. (Australia.) 

Wo cort, G. N., 1955, pp. 113-122. (Resistant 
woods, use ‘cBenieale 

1955a, pp. 115-149. (Organic termite repel- 
lents tested against Cryptotermes brevis.) 

Wo trFENBERGER, D. O., 1959, pp. 1-51. (US., 
Florida, Neotermes castaneus damage to 
living avocado trees controlled by remov- 
ing and burning old trees; in case young 
trees, % cup 5% chlordane dust, or al- 
drin, dieldrin, and heptachlor effective.) 

YEAGER, P., 1957, pp. 26, 28, 30, 43, 45. (Trend 
toward greater leniency in tax deducti- 
bility for termite loss, especially if dam- 
age has occurred within 1 year or so 
after inspection, cases cited.) 

1958, pp. 70, 72, 98-99. (Enforcement re- 
strictive covenant must not involve re- 
straint of trade; trade secrets must not be 

_ disclosed.) 
ZeHELy, D., 1958, pp. 110-111. (Austria, strug- 

gle against termites.) 

RULINGS 

age occurred within 1 year or so after in- 
spection, cases cited.) 

1958, pp. 70, 72, 98-99. (Enforcement re- 
strictive covenant must not involve re- 
straint of trade; trade secrets must not be 
disclosed.) 

CYTOLOGY 

BANERJEE, B., 1957, pp. 288-289. (Haploid 
chromosome numbers in the testis of king 
Odontotermes redemanni.) 

Denis, C., 1958a, pp. 240-247. (Cytology ter- 
minal nerves in course of ontogeny Calo- 
termes flavicollis.) 

Noor, C., and Norrot-TimoTHEz, C., 1960, 
2779-2781. (General, Anoplotermes 
worker, Microcerotermes, structure pos- 
terior intestine.) 

DAMAGE 

Anonymous, 1949. (In 1849, C. Inge, probate 
court of Adams Co., Mississippi, had rec- 
ords destroyed by termites. Dr. T. W. 
Harris identified them, suggested paper 
be impregnated with alcohol solution of 
corrosive sublimate of mercury.) 

1957, pp. 24, 25. (Estimates of incidence 

and damage by termites in States in 
1956.) 

19574, pp. 6-8, 23, 25. (Florida, damage by 
termites and decay, asphalt impregnated 
building paper vapor barrier ineffective.) 

1957], p. 22. (Termites in inlaid floor, St. 
George’s Hall, Kremlin, Moscow, 56° N.; 
former records, Ukraine, Odessa, 46° N.) 



NO. 3 

1958a, pp. 8-10. (Infestation Chicago homes, 
other northern localities listed.) 

1958d, p. 48. (Rutgers University study es- 
timates damage at 2 million dollars in 
New Jersey.) 

1958n, pp. 2-10. (Australia, kinds damage.) 
1959, pp. 17-19. (U.S., map showing re- 

gions heavy, medium, and light damage.) 
1959f, p. 54. (U.S., damage allowable by 
Revenue Service if proven occurs be- 
tween September and June of following 
year—not over several years.) 

1959n, p. 16. (Italy, Venice, St. Mark’s 
church damaged by “Lucifubis” (Reti- 
culitermes lucifugus), United Press re- 
lease Oct. 5, 1959, in New York Herald 
Tribune.) 

1960, p. 25. (U.S., in California 25 to 60% 
of slab houses infested, 1 to 2 years old 
in one area inspected. In Louisiana, 
Alexandria and Lake Charles areas 25 to 
30% infested in 5 years. In Jackson, Miss., 
50 to 60% under 5 years old infested. In 
Texarkana, Tex., 90% slab houses in old 
forested area infested in first year; Texas 
in general 10 to 50% infested.) 

1960}, p. 4. (U.S., Annapolis, Md., in 1957, 
5-year-old Health Department building 
infested, termites crawled through cracks 
in concrete; also through lime mortar. 
In central Florida slab-on-ground homes 
Io times more vulnerable, suspended 
floor next, crawl-space house with piers 
3 ft. above ground least susceptible. 75 
to 90% concrete-block homes infested 
within 3 to 5 years of completion. In 
Charleston, S.C., 600 brick veneer George 
Legere homes built in 1941 of untreated 
wood on concrete slab floors; 14 years 
later 240, or 40% of dwelling units, had 
to have wood replaced.) 

1960q, pp. 23-24. (Honolulu, Hawaii, 3 mil- 
lion dollars spent in single year recently 
for repairs to buildings damaged by ter- 
mites in city and county Honolulu; run 
from 20 to 50% permit values. Subter- 
ranean termites cause 75% total damage, 
drywood 25%; subterranean termites in 
almost every building in city; less in- 
festations in outskirts.) 

1960c,1 pp. 20, 24. (Hawaii, damage by 
Coptotermes formosanus and a drywood 
termite severe, 3 million dollars (includ- 
ing decay) in 1956. Drywood termite 
responsible for one-quarter total termite 
damage.) 

Barta-Neves, C. M. B., 1956a, pp. 156-158. 
(Lisbon, corks damaged.) 
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Becker, G., 1957, pp. 403-410. (North Italy, 
Chioggia, first record in Europe cases of 
docks (pine) and piles (oak) infested 
with Kalotermes flavicollis.) 

Boettcer, C. R., 1957, pp. 105-121. (In Trop- 
ics, damage to commercial timber.) 

Bournier, A., 1956, pp. 384-388. (France, 
damage by Reticulitermes lucifugus.) 

Bower, C. A., 1959, p. 15. (U.S., Oklahoma, 
increase of 25% of termite control jobs 
in 1957-1958 over 1956-1957; 6,843 in 
1958, 5,I2I in 1957; 118 new licenses is- 
sued in 1958.) 

Carr, D. R., 1957, pp. 1-19. (New Zealand, 
decay and subterranean termites not as 
injurious as beetle borers and native dry- 
wood termite Calotermes brounii.) 

Coaton, W. G. H., 1958, pp. 1-112. (South 
Africa, hodotermitid harvester termites, 
damage to walls buildings, undermine, 
thatched roofs, linen, cotton, clothes, wall- 
paper, books, paper, matting.) 

Cortest, A., 1960, pp. 1, 4. (Italy, Rome, art 
treasures endangered by termites: books 
in National and Vatican libraries dam- 
aged, historic buildings, art treasures in 
large galleries, furniture in modern build- 
ings in Rome and village of Oriago, de- 
voured most of homes and trees that 
adorn streets. Historic Doge’s Palace, 
Venice, invaded.) 

Dorsey, C. K., 1958, pp. 1-10. (U.S., West 
Virginia.) 

Esetinc, W., 1959b, p. 4. (U.S., California, 
remarks before recent meeting American 
Society Testing Materials, San Francisco, 
Calif.: In California’s San Fernando Val- 
ley, 20 to 25 million dollars worth of 
property every year in Southern Cali- 
fornia destroyed by termites, 350 firms 
engaged in eradication. One species in- 
creased activities during last several years. 
Approximately 18,000, or 75% of 24,000 
representative buildings, inspected in 11 
California counties, infested, 62% by sub- 
terranean termites, 25% by fungi, 5% by 
powder-post beetles. Both subterranean 
and drywood termites found in 49% of 
buildings in 4 regions. Concrete slabs 
provide no barrier, termites penetrate 
cracks 1/ 32 inch in width, ingest concrete 
and pass it through digestive tract, can 
widen minute cracks. In San Fernando 
Valley 46% slab houses infested within 

5 years of construction, considerable pro- 
portion within 1 to 2 years.) 
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Emerson, A. E., 1958, in Weyer (Ed.), 1958, 
pp. 2798-2807. (Damage, the termite 
problem.) 

Feytaup, J. C., 1955, pp. 32-38. (Increased 
hazard in France. 

Francia, F. C., 1957, pp. 27-30. (Philippines, 
damage by subterranean termites, Copto- 
termes, Heterotermes, Macrotermes.) 

1957a, pp. 15-17, 19. (Philippines, damage 
by drywood termites.) 

Francia, F. C., and Vauino, A. J., 1960, pp. 
21-25, 31. (Philippines, importance of 
various species.) 

Guts, D. T., 1960, pp. 20, 22. (Del-Mar-Va 
peninsula, 75 to 95% houses infested by 
termites, many only 4 to 5 years old, older 
houses on Eastern Shore better con- 
structed, less susceptible, crawl space; only 
2% slab-on-ground type.) 

GirapI, G., 1955, pp. 487-498. (Italy, Venice, 
Reticulitermes lucifugus. 

Harris, W. V., 1955c, pp. 160-166. (Damage 
in Tropics.) 

1955d, pp. 9-11. (Persistent termite.) 
1956c, pp. 145-177. (Destruction of timber.) 
1957¢, pp. 20-32. (Malaya.) 
1958, pp. 161-166. (East Africa, damage by 
drywood termites, Cryptotermes.) 

Harris, W. V., and Brown, E. S., 1958, pp. 
737-750. (Solomon Islands.) 

HatFIeELp, I., 1958, pp. 50, 52-54, 56-58, 60. 
(U.S., damage by decay and subterranean 
termites, buildings.) 

Henry, T. R., 1958, p. 45. (Panama, Canal 
Zone, eat lead, dissolve concrete, thrive 
on arsenic.) 

Hepsurn, C. A., 1959, pp. 14-16. (South 
Africa, properties.) 

Herrs, A., 1959, pp. 178-181. (Europe, dam- 
age to paper and books by Reticulitermes 
lucifugus.) 

Hicxin, N., 1960, pp. 459-461. (France, 
Kalotermes fiavicollis, Reticulitermes lu- 
cifugus, and R. lucifugus, var. santonen- 
sis; flavicollis injures vineyards, cuts life 
vine stock from 80 to 40 years; santonen- 
sig more injurious to buildings and trees 
than lucifugus.) 

Kurir, von A., 1956, pp. 1-3, (Europe.) 
1958, pp. 7-15. (Austria and Central Eu- 

rope, Reticulitermes flavipes in 1955 at 
Hallein, near Salzburg, in a paper factory, 
introduced in 1950 or 1951 in wooden 
boxes from Hamburg, where first found 
in 1937. In beech flooring, spruce and 
larch doorposts, by 1957 spread to other 
buildings and railway sleepers.) 
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Kusuwaua, K. S., 1960, pp. 39-40. (India, 
Udaipur (Rajasthan), type of damage by 
Odontotermes (O.) obesus, O. (O.) obe- 
sus gurdaspurensis, O. (O.) bangaloren- 
sis, Microtermes anandi, and Trinervi- 
termes biformis; hosts.) 

Luprova, A. N., 1955a, pp. 1-28. (S.S.R., 
Turkmenia, termites injuring buildings 
and their control.) 

Mat’Ko, B. D., 1934, pp. 34-35. (USSR. 
termites pest of wood. 

Martinez, J. B., 1957, pp. 147-161. (Canary 
Islands.) 

Matuieu, H., 1957, pp. 87-91. (Hazard in 
France. 

1959, pp. 1-92. (Hazard in France.) 
Matuur, R. N., 1960a, pp. 374-380. (India, 

most important termites damaging 
houses, Coptotermes heimi, Heterotermes 
indicola, Odontotermes feae, type of dam- 
age.) 

Mercaper, C., 1956, pp. 11, 37- (Destroyer, 
the termite. 

Meyer, M. T., 1960, p. 52. (U.S., Philadelphia, 
Pa., 100-year-old row house had window 
frame on second floor infested, no ground 
contact.) 

MoneEo-TRALLERO, M., 
(Spain.) 

MoutTia, L. A., 1955, pp. 48-51. (Mauritius, 
household.) 

Novak, P., 1928. (Yugoslavia, Dalmatia, in- 
jurious insects.) 

RoonwaL, M. L., 1955, pp. 103-104. (Hetero- 
termes indicola causing widespread dam- 
age in town Sri Hargobindpur in Punjab 
since 1940.) 

1958, pp. 320-321. (India, damage to build- 
ings. 

1959, Pp. 511-523. (India, Coptotermes 
heimi one of the three most important 
termites that infest buildings in India.) 

Rut, D., 1956, pp. 1-2. (Italy, Venice.) 
SaLmonp, K. F., 1956, pp. 149-150. (Damage 

by Macrotermitinae in Nyasaland to 
stored groundnuts.) 

Scum, H. (Ed.), 1955, pp. 193-207. (Com- 
mercial timber.) 

19558, Pp. 222-224. (Wood products.) 
1955b, pp. 1-309. (World.) 
1956b, pp. 325-338. (Hamburg-Altona.) 
1957, PP. 217-222. (Reticulitermes, Ham- 

burg. 
ScHULTZE-DEwiTz, G., 1957, pp. 933-041. 

(Populus and Pseudotsuga menziesii.) 
Sirva, J. M. Barata pA, 1952. (Portugal, Lis- 

bon. Leucotermes (Reticulitermes) lucif- 
ugus.) 

1950, pp. 21-22. 
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SIMEONE, J. B., 1956, pp. 1-3. (U.S., New York 
State, map danger zones.) 

Sims, L., 1957, pp- 312, 322-323. 
_ Sxairz, S. H., 1957, pp. 373-390. (South 

aa Durban, Kalotermes durbanen- 
SiS. 

SPENCER, G. J., 1958, pp. 8-9. (British Colum- 
bia, damage to buildings by Zootermopsis 
and Reticulitermes hesperus, collapse of 
two houses due to Reticulitermes at Kam- 
loops and Kelowna.) 

SPRINGHETTI, A., 1957, pp. I-13. (Italy, Pa- 
dova, Venezia, Oriago, Mira.) 

19574, pp. 1-14. (Italy, Verona, Vicenza, 
Treviso, Ravigo.) 

TeENIsonas, A., 1955, pp. 13-15. (Europe.) 
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TsvetKova, V. P., 1950, pp. 95-96. (Russia, 
construction.) 

Tu, T., 1956, pp. 12-18. (Formosa.) 
1956a, pp. 19-22. (Formosa, important doc- 

uments.) 
U.S. Dept. AcricuLturE, Prant Pest Con- 

TROL Div., Coop. Econ. INsecr ReEp., 
1959a, p. 74. (Iran, Amitermes vilis, 
heavy damage to house timbers and rail- 
road ties, Khuzistan Prov.; Anacantho- 
termes vagans septentrionalis does not 
cause extensive damage.) 

Wenner, H., 1954, pp. 55-61. 
termes, Germany, Hamburg.) 

Wixinson, W., 19574, pp. 493-494. (World.) 

(Reticuli- 

DAMAGE TO LIVING VEGETATION 

ANONYMOUS, 1955a, pp. 63-67. (Malaya, Cop- 
totermes curvignathus damage to new 
plantings rubber.) 

1958h, pp. 66. (Australia, Canberra, in 
hardwood forests presence of large col- 
ony Coptotermes frenchi results in in- 
creased temperature within infested tree, 
maximum increase in “nursery” region.) 

19580, p. 63. (Australia, Canberra, Copto- 
termes acinaciformis and frenchi most 
injurious to living trees. Porotermes 
adamsoni to trees in alpine forest in Vic- 
toria and New South Wales.) 

1959s, p. 66. (Western Australia, in mallee 
country north of Murchison River, Cop- 
totermes brunneus attacking living euca- 
lyptus trees in forest, galleries extending 
over go ft. from mound. Near Pingrup, 
Coptotermes acinaciformis traced from 
mound to several gimlet gums (Eucalyp- 
tus salubris).) 

Ayous, M. A., 1959, pp. 429-432. (Saudi Ara- 
bia, Microcerotermes diversus, injury to 
live plants.) 

Buasin, G. D., Roonwat, M. L., and Sincu, 
B., 1958, pp. 10, 17, 18, 63, 86, 95, 99, 102, 
115, 124. (India, forest plants, p. 10, in 
split bamboos, Termes feae; p. 17, Bassia 
latifolia, Odontotermes obesus, wnder 
bark on dry stump; p. 18, Bassia longi- 
folia, Kalotermes sp., possibly in green 
trees, Coptotermes ceylonicus damages liv- 
ing trees; p. 63, tea, Glyptotermes dila- 
tatus nests in heartwood green bushes, in- 
fests through roots, Neotermes greeni 
same, N. mulitaris same; Capritermes 
hutsont among roots, Eurytermes cey- 
lonicus damages stems and roots, Nasuti- 
termes ceylonicus damages bark living 

stems; Odontotermes (O.) horni same; 
O. (O.) redemanni damages living and 
dead bushes, O. (O.) taprobanes same; 
O. (Hypotermes) obscuriceps same; p. 86, 
Cassia multijuga, Neotermes green, borer 
in living trees; p. 95, Casuarina equiseti- 
folia, Glyptotermes dilatatus nests in 
heartwood living trees, infests through 
snags, knots or wounds, Neotermes 
greeni same, N. militaris same; Odonto- 
termes brunneus var. wallonensis injuri- 
ous in plantations; p. 99, Cedrela toona, 
Glyptotermes coordensis in solid wood 
old logs; G. dilatatus nests in heartwood 
living trees, infests through snags, knots, 
wounds, Kalotermes jepsoni infests both 
dead and live wood, Neotermes greent 
same; N. militaris same, Heterotermes 
indicola damages wood and wooden 
structures; p. 102, Cedrus deodara, Ar- 
chotermopsis wroughtoni nests in fallen 
trees and moist, decaying stumps, M:- 
crotermes mycophagus damages wood or 
sleepers stacked on ground, Odontoter- 
mes bangalorensis same; p. 115, Cis- 
tanche tubulosa, Amitermes belli in roots; 
p. 124, Citrus sp., Odontotermes obesus 
attacks fallen wood.) 

Bonaventura, G., 1956, pp. 465-467. (Italy, 
Naples, plane tree of “San Benedetto.”) 

Carco, S. R., 1956, pp. 9, 17; 32, 44, 51, 53s 
55, 56, 64, 66. (Philippines, field crops, 
fruit trees, vegetables.) 

CuatTerjI, S., Sarup, P., and Cuopra, S. C., 
1958, pp. 399-405. (India, dieldrin, DDT 
and BHC mixture (50:50) superior to 
DDT and toxaphene mixture (50:50), 5; 
10, 15, and 20 lb. per acre applied to soil 
once before planting.) 
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Coaton, W. G. H., 1958, pp. 1-112. (South 
Africa, hodotermitid harvester termites, 
veld, standing crops, wheat, oats, rye, 
barley, groundnuts, beans, peas, lawns, 
flowerbeds, etc.) 

1960, pp. 6-9. (South Africa, Rapid Karoo, 
destruction of grazing by harvester ter- 
mites, Hodotermes mossambicus.) 

Conic, F., 1956, pp. 1-91. (New Caledonia, 
(1) alphabetical list plants, insect pests in 
various orders, pp. 1-32; (2) alphabetical 
list pest, order and family, plant hosts or 
prey, hosts of parasites.) 

Das, G. M., 1958, pp. 553-560. 
India, tea. 

1959, p. 8. (Northeast India, tea, Micro- 
cerotermes, live wood eater.) 

Davis, S. H., 1954, pp. 35-43. (U.S., termite- 
proofing injuries to shade trees and 
shrubs.) 

Dintuer, J. B. M. van, 1960, p. 21. (Surinam, 
3 families termites pests of cultivated 
plants.) 

Dumsteton, L. J., 1954, pp. 1-202. 
Pacific Territories.) 

EBELING, W., 1959, Pp. 155, 224, 263, 266, 267, 
270-272, 274, 277. (Citrus pests—Ami- 
termes arizonensis, Coptotermes lacteus, 

niger, vastator, Gnathamitermes per- 

plexus, Fieiroie ics aureus, Kalotermes 
minor, Macrotermes gilvus, Mastotermes 
darwiniensis, Nasutitermes costalis, Neo- 
termes castaneus, Odontotermes (O.) 

formosanus, Paraneotermes simplicicornis, 
Reticulitermes flavipes, hesperus, lucifu- 
gus, virginicus, Zootermopsis angusticollis, 
Nchedarhinotermes lamanianus, Tenuiro- 
stritermes incisus; p. 317, avocado pests— 
Reticulitermes hesperus, Kalotermes mi- 
nor; p. 325, grape pests.) 

Even, T., 1958, pp. 40, 130-131. (Pests of 
tea, low planting and heaping earth about 
stem leads to infestation; Kalotermes sp. 
rings collar.) 

Essic, E. O., 1958, pp. 112-119. (Western U.S., 
apple tree, potato.) 

FERRERO, F., 1959, pp. 30-31. (France, vine in 
Banyuls in eastern Pyrenees severely in- 
jured by Calotermes flavicollis.) 

Fonseca, J. P. pa, 1952-1954, pp. 13-19. (Bra- 
zil, Syntermes harmful to Eucalyptus 
seedlings.) 

Garcta, M. L., 1958, pp. 25-27. (Philippines, 
Neotermes malatensis injuring avocado 
trees.) 

Gay, F. J., 1957, pp. 86-91. (Australia, radiata 
pine timber in plantations by Copto- 
termes.) 

(Northeast 

(South 
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Greaves, T., 1959, pp. 114-120. (Australia, 
Porotermes adamsoni most serious pest 
alpine forests in New South Wales, Tas- 
mania, and Victoria. Coptotermes acinac- 
iformis and frenchi serious pests trees in 
coastal forests and savannah woodland 
areas. Former can attack other living 
trees 120 ft. distant from infested living 
tree, mature colony population over 770,- 
ooo; latter over 400,000. Temperature 
colonies in living trees (nursery area) 
higher (by over 20° C.) than ambient 
temperature. 170 species in 23 genera on 
Australian mainland.) 

Guactiumi, P., 1958, p. 218. (Venezuela, 
sugarcane by Heterotermes crinitus.) 

Gupta, B. D., 1955, pp. 1-80. (India, sugar- 
cane. 

Harris, W. V., 1959, pp. 1-181. (British Hon- 
duras, forest trees, Kalotermes tabogae, 
Cryptotermes brevis, Heterotermes con- 
vexinotatus, Coptotermes niger, Nasuti- 
termes corniger, N. nigriceps.) 

1959b, p. 30. (British Honduras, Copto- 
termes niger causes - serious damage to 

timber trees. ) 
Herrs, A., 1955a, 72 Schmidt, H. (Ed.), 1955b, 

pp. 131-159. (Plants.) 
1959, pp. 148-150. (India, grains and field 
crops—sugarcane, peanuts injured. Neo- 
termes tectonae kills living trees.) 

Herrick, L.A. \1961;,.<pps 5354. (U-Ss 
Florida, Kalotermes approximatus injures 
pear and cherry trees, causing breakage.) 

Hicxin, N., 1960, pp. 459-461. (France, Kalo- 
termes flavicollis, Reticulitermes luciju- 
gus, and R. lucifugus, var. santonensis; 
flavicollis injures vineyards, cuts life vine 
stock from 80 to 40 years; santonensis 
more injurious to buildings and trees 
than lucifugus.) 

Hurr, G. E., 1959, p. 61. (U.S., Indianapolis, 
Ind., subterranean termites damage re- 
frigerated display case, moisture in bot- 
tom due to leak.) 

Janyua, N. A., and Kuan, M. H., 1955, pp. 
69-70. (West Pakistan, Termes obesus 
and Microtermes obesi pests of wheat.) 

KatsHoven, L. G. E., 1957, pp. 7-12. (Java, 
teak trees, rotten branches in crowns liv- 
ing trees more attractive to flying adults 
than branchwood from girdled trees, en- 
ter by biting hole in soft wood.) 

1959, Pp. 138-143. (Java, new teak planta- 
tions, 30% infested in 12-year-old com- 
partment, not evident until 15 to 20 years 
old.) 
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Kapur, A. P., 1953, pp. 12-13. (India, Odon- 
totermes obesus, nursery beds of palas, 
host for lac cultivation.) 

Kay, D., 1960, p. 90. (Africa, Nigeria, Neo- 
termes aburiensis damaging living tissue 
cacao trees.) 

Latir, A., and Jmant, S. G., 1957, pp. II-I2. 
(Pakistan, injury to chillies.) 

Lz Perrey, R. H. (Compiler), 1959, pp. 62-66. 
(East Africa, injury to plants by many 
species termites, distribution, hosts, etc.) 

Mamet, J. R., 1955, pp- 46, 47, 74, 79. (Mauri- 
tius, food plants. 

Marotta, A., 1954, pp. 337-338. (Italy, Retz- 
culitermes lucifugus death of plants.) 

Martexui, M., and Arru, G. M., 1957-1958, 
pp. 5-49. (Sardinia, Calotermes flavicol- 
lis, injury to cork oak, Quercus suber.) 

Maruur, R. N., and Sineu, B., 1960, pp. 1-45. 
(India and adjacent countries, termites 
injurious to forest plants, pp. 7, 10-11, 

15-17, 29, 33; 36.) 

1959, pp. 1-163. (India and adjacent coun- 
tries, termites injurious to forest plants, 
pp. 13, 19, 26, 61, 68-70, 79-80, 84-85, 89, 

92-94, 99, 103, 120, 123, 126, 141, 150, 
153.) 

1960a, pp. 1-91. (India and adjacent coun- 
tries, termites as pest of forest plants.) 

Mirsum, J. N., 1959, pp. 425-428. (World, 
termites as pests of mango, Mangztfera 
indica.) 

Moutia, L. A., 1955, pp. 48-51. (Mauritius, 
orchards, food crops, vegetables, flower 
gardens.) 

Nakajima, S., and Suimizu, K., 1959, pp. 
261-266. (Formosan white ant injuring 
Japanese cedars.) 

Neves, C. M. B., 1956, pp. 156-158. (Portugal, 
cork of bark and branches Quercus suber 
damaged by Leucotermes lucifugus.) 

Niruta, K. K., and Menon, K. P. V., 1957, 
pp. 1-5. (India, Odontotermes obesus 
damage to coconut palms.) 

Ossowsk1, L. L. J., and Wortmann, G. B., 
1958-1959, p. 47. (Southern Africa, in- 
jury to wattle by Hodotermes mossam- 
bicus, Macrotermes natalensis, and Micro- 
termes sp.) 

Pearson, E. O., and Maxwett-Dar ine, R. C., 
1958, pp. 61-63. (Tropical Africa, Hodo- 
termes mossambicus pest of cotton seed- 
lings. Mound-building termites affect 
soil fertility; subterranean termites attack 
cotton. Microtermes sp. serious in Tan- 
ganyika, attacks stem near collar, loss 10 
to 30% of stand.) 

Pierce, W. D., 1930, pp. 99-104. (Philippines, 
Macrotermes gilvus injury to seed sugar- 
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cane, in ground; Coptotermes vastator 

and Microcerotermes los-banosensis in- 
jury to young cane.) 

Roonwat, M. L., 1958, pp. 320-321. (India, 
damage to plantations.) 

Roonwat, M. L., and Buasin, G. D., 1954, 
pp. 5-93. (India, forest plants.) 

Roonwat, M. L., and Sen-Sarma, P. K., 1955, 
pp. 234-239. (India, Neotermes gardneri 
injury to living trees.) 

Rut, D., 1956, pp. 1-2. (Italy, Venice.) 
Sastry, K. S. S., 1956, pp. 77-83. (India, 

Visvesvaraya Canal Tract, Odontotermes 
obesus injury to sugarcane.) 

SPRINGHETTI, A., 1957c, pp. 1-20. (Italy, 
Manduria (Puglia), infestation of vines.) 

Srivastava, J. C., 1957, p. 743. (India, sugar- 
cane. 

Szent-Ivany, J. J. H., 1956, pp. 82-87. (Micro- 
cerotermes biroi on Cocos nucifera, New 
Britain; Nasutitermes novarum-hebrida- 
rum on Cocos nucifera, Aroa Island; 
Neotermes sp. on Theobroma cacao, New 

Britain.) 
1959, Pp- 423-429. (Papua and New Guinea, 

p. 423, Coptotermes hyaloapex, hosts.) 

Tuaxor, C., Prasap, A. R., and Sincu, R. P., 
1958, pp. 155-163. (India, Microtermes 
obesi, Odontotermes assmuthi and Tri- 

nervitermes heimi injury to sugarcane.) 
U.S. Dept. Acric., Pest Controt Dyv., 1959h, 

p. 922. (US., California, Vallejo, Solano 
County, Reticulitermes hesperus damage 
to roots and stems chrysanthemum plants, 
Sept. 25.) 

1960, p. 1069. (Bolivia, Santa Cruz, Hetero- 
"termes sp., Cornitermes sp., Nasutitermes 

globiceps injuring sugarcane.) 
Vance, A. M., 1956, pp. 10, 18, 24. (South- 

western U.S., injury to lawns.) 
VayssizrE, P., in Coste, 1955, p. 241. (World, 

injury to coffee plantations.) 
Wenner, H., 1955c, in Schmidt, H. (Ed.), 

1955b, pp. 160-164. (Plants.) 
Wuxinson, W., 1957a, pp. 493-494. (World 

crops.) 
Wo tFeENzERGER, D. O., 1958, pp. 36-38, figs. 

26-27. (U.S., Florida, Neotermes casta- 
neus (dampwood termite) usually causes 
infrequent minor loss to avocado trees, 

but may cause young trees to die and 
older trees to become unthrifty.) 

Zonpac, R., 1959, pp. 15-17- (New Zealand, 
Calotermes brouni attacking living Pinus 

radiata, unhygienic conditions provide 

sources infestations, stumps, prunings, 

dead trees.) 
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DETECTION 

ANONYMoUS, 1959, pp. 17-19. (U.S.) 
Casimir, M., 1957, pp. 68-78. (Australia.) 
Gunperson, H., 1957, pp. 1-8. (U.S., Iowa.) 
Harris, W. V., 1958, pp. 161-166. (East Africa, 

drywood termites, Cryptotermes.) 
Hosss, K. R., 1961, pp. 14, 16, 18. (U.S., a key 

to help identify wood-destroying organ- 
isms. Subterranean termites: earth in 
galleries in wood; drywood termites: 
small conical pellets with longitudinal 
riflings; dampwood termites: larger 
pellets.) 

Mason, N. P., 1958, p. 18. (U.S., by putty- 
colored tubes.) 

New Sout Wates Dept. Acric., ENToMo- 
LoGIcAL BraNncH, 1958, pp. 1-19. (Aus- 
tralia.) 

Pepper, J. O., and Gesetr, S. G., 1959, pp. 
1-8. (U.S., Pennsylvania, detection and 
control.) 

Smeone, J. B., 1956, pp. 1-3. (U.S., New 
York State, tubes, flight, damage.) 

DIGESTION 

Grass£, P. P., 1959a, pp. 385-389. (Africa, a 
new type of symbiosis, digestion by 
fungus-growing termites, through col- 
laboration bacteria, illustrates strata of 
mastigated wood on which fungi grow, 
Macrotermitinae.) 

Lasker, R., 1959, in Ray, 1959, Pp. 348-355. 
(Reviews studies of symbiosis among 
termites by Oshima, 1919, Cleveland, 
1924, 1925, 1928, Trager, 1932, and Hun- 
gate, 1946.) 

Leopo tp, B., 1952, p. 784. (Digestion Douglas- 
fir wood by Cryptotermes brevis takes a 
few hours.) 

McBexz, R. H., 1959, in Ray (Ed.), 1959, pp. 
342-347. (Termite cellulase, Cleveland 
found intestinal protozoa in species of 

tozoa except in 3 wood-feeding species. 
Most flagellates symbionts. Not all 
protozoa beneficial. Trichonympha most 
effective in wood digesting. A few cellu- 
lose-digesting bacteria and fungi in gut 
not significant. Protozoa cellulose fer- 
menting, may be 16 to 36% of weight of 
termite.) 

Pence, R. J., 1957, pp. 44, 58. (U.S. Cali- 
fornia, stucco and cement.) 

Pocuon, J., Baryac, H. pe, and Rocue, A., 
1958, pp. 352-355. (Africa, digestion of 
cellulose by Sphaerotermes sphaerothorax 
through bacteria.) 

Warternouse, D. F., Hackman, R. H., and 
McKe rar, J. W., 1961, pp. 96-112 (Aus- 
tralia, extracts whole termites (Copto- 

Kalotermitidae, Rhinotermitidae, and termes lacteus), break down undenatured 
Mastotermitidae, in Termitidae no pro- chitin.) 

DISTRIBUTION 

Aumap, M., 1955, pp. 25-27. (East Pakistan, 
Microtermes pakistanicus, n. sp.) 

1955a, Pp. 202-264. (West Pakistan, new 
species of Neotermes, Microcerotermes, 
Eremotermes, Amitermes, Angulitermes.) 

1958, pp. 33-118. (Indomalayan.) 
1958a, pp. 119-198. (Indomalayan.) 

ANONYMOUS, 1957], p. 22. (U.S.S.R., Moscow.) 
1957q, pp. 1-70. (Italy, Venice, Reticuli- 

termes lucifugus, Calotermes flavicollis.) 
1958m, p. 42. (U.S., Reticulitermes hageni 
swarming in building, Trenton, N.J.) 

19580, p. 63. (Australia, Mastotermes 
darwiniensis not present in Weipa area 
of Cape York Peninsula, results survey 
termite hazard.) 

1959, pp. 17-19. (U.S., map showing where 
termites most and least numerous.) 

Araujo, R. L., 1958, pp. 185-217. (Biogeog- 
raphy termites State of Sao Paulo, Brazil, 

faunistic list 45 species, including 2 in- 
troduced species, only 3 species confined 
within its boundaries.) 

1958a, pp. 219-236. (Biogeography termites 
State of Minas Gerais, Brazil, faunistic list 
31 species, only 2 species confined within 
its boundaries.) 

Ayous, M. A., 1950, pp. 429-432. (Saudi 
Arabia, Microcerotermes diversus.) 

BANERJEE, B., 1956b, pp. 204-206. (India, 
Calcutta.) 

BreservorF, G. A., 1958, pp. 52-53. (US., 
Oklahoma.) 

Carasy, J. H., 1956, pp. 89-92. (Western 
Australia.) 

1956a, pp. 93-96. (Western Australia.) 
1956b, pp. 111-124. (Western Australia, 
Ahamitermes.) 

Carasy, J. H., and Gay, F. J., 1956, pp. 19- 
39. (Western Australia, Coptotermes 



NO. 3 

acinaciformis, raffrayi subsp., michael- 
seni, frenchi, and brunneus.) 

CHAMBERLIN, R. V., 1944, p. 187. (New 
Hebrides, Kalotermes (Neotermes) sanc- 
taecrucis.) 

Cuaupuey, G. U., 1955, pp. 40-43. (Pakistan, 
Cryptotermes dudleyi, Odontotermes as- 
samenensis, O. parvidens, and Eremo- 
termes paradoxalis.) 

Cuitson, L. M., 1960, p. 171. (Hawaii, 
Molokai, Kalotermes immigrans, Camp 
Halena, light trap, new record.) 

Crace, C. F., 1958, pp. 338-339. (Western 
Pacific Islands, Prorhinotermes inopina- 
tus, Guam; Coptotermes formosanus, 
Guam, Midway, Kwajalein Naval Stat., 
Marshall Islands.) 

Coaton, W. G. H., 1958, pp. 1-112. (South 
Africa, Hodotermes mossambicus, Micro- 
hodotermes viator.) 

Curopontis, G., 1955, pp. 501-519. (Africa, 
savannahs.) 

Davtetsuina, A. G., and Bocotyusova, A. S., 
1960. (U.S.S.R., termites in Golodnaya 
Steppe and how to control them.) 

Emerson, A. E., 1958, in Weyer (Ed.), 1958, 
pp. 2798-2807. 

Esaki, T., Bryan, E. H., Jr., and Gressirt, 
J. L., 1955, pp. 1-68. (Micronesia.) 

Frevp, H., 1956, p. 488. (Baghdad, Iraq, 
Microcerotermes diversus.) 

Fonseca, J. P. C. va, 1959, pp. 701-704. 
(Portuguese Guinea, lists species identi- 
fied by Sjéstedt, Silvestri, and Harris, 16 
species.) 

GrorcHiou, G. P., 1957, p. 4. 
Reticulitermes lucifugus.) 

Guipint, G. M., 1955, pp. 69-82. (Ethiopia, 
Sagan-Omo,_  Bellicositermes —jeanneli 
goliath distinguishing characters, Micro- 
termes vadschaggae var. grasséi, n.n. for 
var. dubius Grassé preoc., fig. Termes 
(Cyclotermes) maledictus and Trinervi- 
termes eldirensis.) 

Grratnl, G., 1955, pp. 487-498. (Italy, Venice, 
Reticulitermes lucifugus.) 

Grassk, P., 1954, pp. 17-21. (France.) 
Harris, W. V., 1954-1955a, p. 44. (Europe, 

Reticulitermes flavipes and R. lucifugus 
var, santonensis.) 

1955, Pp. 62-72. 
1955a, pp. 12-13. (Australia.) 
1955b, pp. 1-6. (British Commonwealth.) 
1956a, pp. 926-937. (Africa, French 
Cameroons, Microcerotermes progrediens, 
Pericapritermes amplignathus, n. sp. 
Odontotermes silvaticus, n. sp.) 

(Cyprus, 
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1957, im Gardner, J. C. M., 1957, p. 46. 
(East African forest termites.) 

19574, pp- 421-433. (Southwest Arabia, new 
species Amitermes stephensoni, A. harley, 
Eremotermes sabaeus, and Trinervitermes 
arabiae.) 

1957b, pp. 25-30. (Solomon Islands, Rennell 
Island, 10 species in Solomon Islands.) 

1957¢, pp. 20-32. (Malaya.) 
1958, pp. 161-166. (East Africa, Crypto- 

termes dudleyi, domesticus, and brevis.) 
1958a, pp. 59-60. (Solomon Islands, Schedo- 

rhinotermes browni, n. sp.) 
1958b, pp. 87-97. (Malaya.) 
1959, pp. 181-185. (British Honduras, Copto- 

termes niger, Heterotermes convexino- 
tatus, Nasutitermes corniger, N. nigriceps, 
Kalotermes _tabogae, —_ Cryptotermes 
brevis.) 

Harris, W. V., and Brown, E. S., 1958, pp. 
737-750. (Solomon Islands, 12 species 
listed.) 

Hrpy, I., 1958, p. 12. (Czechoslovakia.) 
Ikewara, S., 1957, pp. 44-61. (Ryukyu 

Islands.) 
Ionescu, M. A., 1932, pp. 108-113. (Rumania.) 

1936. (Rumania, frequence of Reticuli- 
termes lucifugus.) 

1936a, pp. 1-7. (Rumania, Reticulitermes 
lucifugus.) 

1951, pp. 1-22. (Rumania.) 
1959, p. 109. (Rumania, Reticulitermes 

lucifugus, Kalotermes flavicollis, map 
distribution in Balkans, R. lucifugus in 
Balkans has northern limit above Trieste, 
Belgrade, Bucharest to Kichinev and the 
Dniester River, K. flavicollis known along 
Adriatic coast near the Vardar River 
and above Turkey near eastern shore 
Black Sea.) 

Katsuoven, L. G. E., 1960, pp. 34-40. (Java 
and Sumatra, occurrence of Glyptotermes 
and Neotermes.) 

KaraMan, Z., 1954, pp. 21-30. (Yugoslavia, 
Kalotermes flavicollis and Reticulitermes 
lucifugus.) 

Kassas, A., CHaarawt, A. M., Hassan, M. I., 
and SuHauwan, A. M., 1960, pp. I-91. 
(Egypt, Anacanthotermes  ochraceus, 
Psammotermes fuscofemoralis and as- 
suanensis.) 

Kempry, P., 1905. (Rumania, Neuropteroid 
fauna. 

Kuatar, K. T., 1959, pp- 18-19. (Iraq, Micro- 
cerotermes diversus, Amitermes vilis, 

Anacanthotermes sp.) 
Kran, M. A., and Aumap, M., 10954, p. 140. 

(Pakistan, Lahore, list termites.) 



24 SMITHSONIAN MISCELLANEOUS COLLECTIONS 

Krauss, N., 1957, p. 186. (Canton Island, 
Coptotermes formosanus.) 

Kusuwana, K. S., 1960, pp. 39-40. (India, 
Udaipur (Rajasthan), Odontotermes (O.) 
obesus; O. (O.) obesus gurdaspurensis; 
O. (0O.) bangalorensis; Microtermes 
anandi; Trinervitermes biformis.) 

Le Perrey, R. H. (Compiler), 1959, pp. 62- 
66. (East Africa, list termite and hosts 
III species.) 

Luprova, A. N., 1955, pp. 56-66. (U.S.S.R., 
Turkmenia, <Anacanthotermes ahngeri- 
anus.) 

1958, pp. 81-141. (S.S.R., Turkmenia, ter- 
mites of.) 

MarteLii, M., and Arru, C. M., 1957-1958, 
p. 11. (Sardinia, Calotermes flavicollis.) 

Martinez, J. B., 1956, pp. 102-117. (Spain, 
Reticulitermes lucifugus, Calotermes flavi- 
collis, and C. dispar.) 

Martuvr, R. N., and Sen-Sara, P. K., 1960, 
pp. 23-27. (India, Dehra Dun, Capri- 
termes dunensis, Eremotermes dehraduni, 
Microcerotermes beesoni, Microtermes 
anandi, M. unicolor, Neotermes megaocu- 
latus, N. microculatus, Nasutitermes 
thanensis.) 

Miter, D., 1956, pp. 477-478. (New Zealand.) 
Moszkowsk1, L. I., 1955, pp. 15-41. (Mada- 

gascar, Cryptotermes kirbi, n. sp., and C. 
havilandi, introduced.) 

Novak, G. B., 1890, pp. 119-128. (Yugoslavia, 
fauna of the Island of Lesina in Dal- 
matia.) 

Pautian, R., 1957, p. 29. (Madagascar, Ré- 
union Island, Neotermes reunionensis, 
Procryptotermes n. sp., and Coptotermes 
havilandensis.) 

Petersen, E., 1910. (Rumania, additions to 
the knowledge of the Neuropterous 
fauna.) 

Pierre, F., 1958, p. 149. (Africa, NW. Sahara, 
Psammotermes hybostoma in sand.) 

RoEMHILD, G., 1960, pp. 1-7. (U.S., Montana.) 
Roonwat, M. L., 1959, pp. 511-523. (India, 

Coptotermes heimi, India and Punjab, 
West Pakistan.) 

1960, pp. 211-215. (India, Burma, Ceylon, 
Nepal, and East and West Pakistan have 
170 species termites, probably 250 exist.) 

Rut, D., 1956, pp. 1-2. (Italy, Venice, Reticuli- 
termes lucifugus.) 

Sanps, W. A., 1959, pp. 127-156. (Ethiopian 
region, Amitermes, 13 species, 3 new.) 

SEN-SaRMA, P. K., and Matuur, R. N., 1957, 
p. 399. (India, Cryptotermes dudleyi.) 

Sitva, J. M. Barta pA, 1952, (Portugal, Leuco- 
termes (Reticulitermes) lucifugus.) 

VOL. 143 

SmmeEonE, J. B., 1956, pp. 1-3. (U.S., New 
York State.) 

Sms, L., 1957, pp. 312, 322-323. (U.S.) 
SxairE, S. H., 1957, pp. 373-390. (South 

Africa, Kalotermes durbanensis.) 
SNYDER, x E., 19558, Pp. 28, 30. (Northward, 

US. 
1956d, pp. 189-202. (Puerto Rico.) 
1957h, p. 70. (France and Italy.) 
19571, pp. 1-16. (U.S., Europe.) 
1959a, p. 40. (U.S., Reticulitermes hageni 

to New Jersey; R. virginicus to Long 
Island, New York; R. lucifugus north- 
ward in France and Italy.) 

Snyper, T. E., and Francis, F. C., 1961, in 
press. (Philippines.) 

SpENcER, G. J., 1958, pp. 8-9. (British Colum- 
bia, Zootermopsis on west coast Van- 
couver Island, around Victoria, at 
Nanaimo on mainland coast from inter- 
national border to Prince Rupert, around 
Salmon Arm and Revelstoke, perhaps to 
Quesnal Lake. Reticulitermes hesperus 
in dry belt from Osoyoos up the Oka- 
nagan Valley to Kelowna, Kamloops, and 
from Lytton to Lillooet, on Vancouver 
Island on the eastern dry side from 
Victoria to Nanaimo and on some of the 
gulf islands.) 

Sretta, E., 1953-1954, im Zavattari (Ed.), 
1953-1954, p. 229. (Italy, Pontine Island, 
Zannone. 

SurHiIro, A., 1960, p. 291. (Midway Atoll, 
Coptotermes formosanus and Crypto- 
termes brevis (Keck, 1952, Proc. Hawaiian 
Ent. Soc., vol. 14, p. 351.) 

SzentT-Ivany, J. J. H., 1956, pp. 82-87. (Micro- 
cerotermes biroi on Cocos nucifera in 
New Britain and center distribution in 
Papua; Nasutitermes novarum-hebri- 
darum on Cocos nucifera Aroa Island 
near Kieta, Bougainville district; Neo- 
termes sp. on Theobroma cacao, New 
Britain, p. 83.) 

1959, p- 423. (Papua, New Guinea, Copto- 
termes hyaloapex.) 

Tu, T., 1955, pp. 30-39. (China.) 
1955a, pp. 80-87. (Formosa.) 
1956, pp. 12-18. (Formosa.) 

U.S. Dept. Acric., Pesr Controt Drv., 1957, 
p. 853. (U.S. Texas, Reticulitermes 
hageni.) 

1958, p. 119. (U.S., Reticulitermes flavipes 
infesting buildings, St. Paul, Minn.) 

1958a, p. 982. (U.S., Reticulitermes flavipes, 
St. Paul, Minn.; R. hesperus flying week 
of Nov. 23, Corvallis, Oreg.) 
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1959, p. 6, (U.S., Trenton, NJ., Reticuli- 
termes hagenti. 

1959a, p. 74. (Iran, Amitermes uvilis, 
Anacanthotermes vagans septentrionalis.) 

1959b, p. 239. (U.S., Oklahoma, Tulsa, 
Reticulitermes hageni swarming early 
Mar. in house; Ponca City, R. tibialis 
damage to house.) 

1959c, p. 288. (U.S., Utah, infestation 
houses Pleasant Grove, Provo, Logan.) 

1959d, p. 362. (U.S. infestation houses 
Monongalia County, W. Va., Reticult- 
termes flavipes; Twin Falls, Idaho, R. 
hesperus; Oregon, central and eastern, R. 
hesperus.) 

1959¢, p. 393. (U.S., Idaho, swarms in 
houses, Reticulitermes hesperus, Lewiston 
to Lapwai.) 

1950f, p. 473. (Cryptotermes dudleyi, Neo- 
tropical, Indo-Malayan, Papuan, Aus- 
tralian, Ethiopian.) 

1960, p. 1069. (Bolivia, Santa Cruz, 
Heterotermes sp., Cornitermes sp., Nasuti- 
termes globiceps.) 

1961, p. 326. (Superior, Douglas Co., Wis., 
anata flavipes flying in build- 
ing. 

1961a, p. 392. (Rhynchotermes nasutissi- 
mus intercepted from Peru.) 

Usman, S., and PuttrarupratAy, M., 1955, pp. 
10-11. (India, Mysore State.) 
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VayssIERE, P., 77 Coste, 1955, p. 241. (World.) 

1957, PP. 473-480. (Malaya.) 
Werner, R. H., 1955c, pp. 157-164. (South- 

west Europe. 

1955e, iz Schmidt, H. (Ed.), 1955b, pp. 
5-81. (World.) 

1958, pp. 4-16. (Iraq.) 
1959, pp. 28, 32-33. (Yugoslavia, Greece, 

Corfu.) 
1960, pp. 30-39. (East Africa, 1 Rhino- 

termitidae, 6 Macrotermitidae, 3 Termiti- 
dae, Termitinae—all known species.) 

1960a, pp. 43-70. (Afghanistan, Iran, Irak, 
map for Anacanthotermes  vagans, 
ahngerianus, baeckmannianus, murgabi- 
cus, septentrionalis, ubachi, macroceph- 
alus, Heterotermes indicola, Amitermes 
vilis, Microcerotermes gabrielis and An- 
gulitermes dehraensis.) 

Werner, F., 1920, pp. 189-234. (Yugoslavia, 
Dalmatia, studies of the fauna.) 

Wittcocks, E. C., and Bauaat, S., 1937, p. 
217. (Egypt, termites in arid border be- 
tween desert and arid land, Anacantho- 
termes ochraceus (Burm.) and Psammo- 
termes hybostoma Desn.) 

Wittias, E. C., 1941, pp. 76, 92. (Panama 
rain forest.) 

ZIMMERMAN, E. C., 1957, p. 179. (Hawaii, 
corrections and additions.) 

EMBRYOLOGY 

Geicy, R., and Srrieser, H., 1959, p. 474. 
(Europe, Kalotermes flavicollis.) 

OBENBERGER, J., 1952, pp. 1-869. 

SrriEBEL, H., 1960, pp. 193-260. (Develop- 
ment of Kalotermes flavicollis; Zoo- 
termopsis nevadensis described.) 

EVOLUTION 

Barros-Macnapo, A., 1957, pp. 80-81. (Archi- 
tecture and evolution of African Apico- 
termes nests.) 

Desneux, J., 1956, pp. 1-12. (Africa, Congo, 
Apicotermes lamani, atypical subterranean 
nests.) 

1956b, pp. 277-281. (Africa, Lower Congo, 
Apicotermes.) 

Emerson, A. E., 1958a, 7x Roe and Simpson 
(Ed.), 1958, pp. 311-355. (Intraspecies 
group system prime unit, group unit of 
natural selection leading to adaptive evo- 
lution, behavior emphasized in group 
integration, social behavior in insects 
genetically determined, in man _ cul- 
turally.) 

1959b, pp. 1416-1417. (Data substantiate 
many aspects theory recapitulation and 
evidence for long persistence of genetic 
elements.) 

1960c, pp. 307-348. (Evolution of function 
directed toward ends can be demon- 
strated; modern biological analysis and 
synthesis give some understanding of the 
teleonomic processes.) 

1960d, pp. 1-27. (Adaptive evolution prog- 
resses in improved individual, social, and 
ecological homeostasis. Phylogenetic 
persistence for millions of years of func- 
tionless characters explained on basis of 
homologies resulting from a degree of 
molecular identity in replicating genes.) 
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Grassz, P. P., and Norrot, C., 1957, pp. 974- 
979. (Equatorial Africa, giant termitaria.) 

Liscuer, M., 1958c, pp. 48-65. (Evolution 
termite society. 

VOL. 143 

Scumipt, R. S., 1958, pp. 76-94. (Africa, 
Apicotermes trigaérdhi, evolution of nest 
building, most primitive lack wall perfo- 
rations, shagreen, internal arrangement 
cellular.) 

EXPERIMENTATION 

ALIBERT, J., 1959, pp. 1040-1042. France, study 
of trophallactic exchanges in Calotermes 
flavicollis with the aid of radioactive 
phosphorous.) 

Brizctes, P. H., 1954, pp. 73-76. (Resistant 
wire insulation, soil poisons. 

Dick, W. E., 1957, pp. 1-150. (Tag under- 
ground insects with radioactive cobalt— 
cobalt-60—pick up with Geiger counter. 
Wood borers in wood treated by radia- 
tion dosage 1000 curies cobalt 60—Nucle- 
onics, Dec. 1952.) 

EBELING, W., and Pence, R. J., 1957a, pp. 
637-638. (Sodium pentachlorophenate 
and pentachlorophenol relax termites to 
lifelike appearance but turn them black.) 

Gésswatp, K., 1955, in Schmidt, H. (Ed.), 
1955b, pp. 165-192. (Calotermes flavt- 
collis as an experimental animal.) 

1958, pp. 129-151. (Effect of Thiodan on 
Kalotermes flavicollis.) 

GoésswaLp, K., and Kiort, W., 1959, pp. 268- 
278. (Kalotermes flavicollis 5th instar 
larvae and “Pseudoergates” good test ani- 
mals, after molt larvae do not feed for 
4 days; 30 larvae for 21-day test. Textile 
pulled into metal frame projector slide, 
termites gnaw through materials other- 
wise resistant, if covered with thin perfo- 
rated film of termite-proof material.) 

Grass£, P. P., 1956, in Autori, 1956, pp. 561- 
575. (Termite experiments, same instinct 
triggers building and feeding.) 

Hrpy, I., Novak, V. J. A., and Sxrozat, D., 
1960, pp. 172-174. (Czechoslovakia, in- 
fluence of the honeybee queen inhibitory 
substance on the development of supple- 
mentary reproductives in Kalotermes 
flavicollis.) 

Keg, O., 1958, p. 20. (Germany, toxic effect 
of Thiodan on termites under different 
temperatures and humidities.) 

Liscuer, M., 1958, pp. 69-70. (Kalotermes 
flavicollis, implantation corpora allata ac- 
tive in determination molting supple- 
mentary reproductives.) 

Luscuer, M., and Kartson, P., 1958, pp. 34I1- 
345. (Classification of prothoracic gland 
hormone as a growth and differentiation 
hormone questionable.) 

Pence, R. J., 1957a, pp. 91-95. (Fluorescent 
differentiation of internal organs and 
tissues, Reticulitermes hesperus, Kalo- 
termes minor, and Zootermopsis an- 
gusticollis studied with ultraviolet radia- 
tion, adipose tissue, not chitin, fluoresced.) 

SeBaALp, M., and ME tis, Y. DE, 1958, pp. 357- 
360. (France, Spherophorus, n. sp., sul- 
phite-reducing bacteria from intestine 
French termite injected in vein rabbit, 
toxic or allergenic, not infectious.) 

SxalrE, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, nails inserted into 
mound nest to measure rate of growth, 
nest 2 ft. high 25 to 50 years old.) 

1957, Pp. 373, 390. (South Africa, Kalo- 
termes durbanensis, effects temperature 
on protozoa, prefers newsprint.) 

SPRINGHETTI, A., 1959, pp. 1-4. (Italy, mor- 
tality of C. flavicollis and R. lucifugus 
treated with diverse saline solutions.) 

SPRINGHETTI, A., and Frizz1, G., 1957, pp. 395- 
396. (Italy, Kalotermes flavicollis, trans- 
plantation of endocrine organs.) 

Verron, H., 1957, pp. 25-30. (France, Calo- 
termes flavicollis, olfaction takes a part 
in reciprocal attraction between different 
individuals and density of grouping, no 
difference in responses between sexes.) 

1958, pp. 309-314. (France, Calotermes 
flavicollis, olfaction attraction produced 
by last instar nymphs on larvae, nymphs 
with short wing pads, and neoteinics in- 
creases regularly with importance of 
crowding. Different types of individuals 
(soldiers excepted) do not react to last 
instar nymphs as well as they do to 
larvae. Soldiers exhibit a higher level of 
response toward nymphs, react in same 
way toward ro nymphs or 20 larvae.) 

Wveourn, J., 1958, pp. 171-172. (Reactions 
Zootermopsis angusticollis to variation 
in light and temperature.) 
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FLIGHT 

Cras, C. F., 1958, pp. 338-339. (Coptotermes 
formosanus flights Apr. 23, June 1957, 
Guam, Midway. 

CLEMENT, G., 1956, pp. 98-103. (Anacantho- 
termes ochraceus, Centres de Recherches, 
Béni-Abbés, Algeria, behavior workers, 
flights Jan. 31, May 10, humidity, tem- 
perature. 

Coaton, W. G. H., 1958, pp. 1-112. (South 
Africa, Hodotermes mossambicus after 
rains Dec. to Feb., Muicrohodotermes 
viator, Aug. to Dec.) 

Guicx, P. A., 1960, p. 5. (U.S., Louisiana, 
Mississippi, Arkansas, at 200 ft. elevation 
Reticulitermes virginicus collected by 
airplane.) 

Roonwat, M. L., 1958a, pp. 77-100. (India, 
Neotermes bosei flights from end Feb. to 
beginning July.) 

Sxair_, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, after rains at the 
Cape, late Apr. or early May, 11 a.m. or 
3 to 4 p.m., not all leave in first flight, 
50 to 60 yd., small percentage survive 
predators.) 

Spencer, G. J., 1957, p. 13. (British Columbia, 
Zootermopsis angusticollis Aug. 1, 1956, 
150 to 200 ft., normally 300 to 500 ft. 
above ground, eaten by Bonaparte’s 
gulls.) 

Tane, C., and Lr SHEN, 1959, pp. 477-482. 
China, Hangchow, forecasting swarming 
Reticulitermes flaviceps; swarming usu- 
ally mid-Mar. after spring rain, tempera- 
ture and atmospheric pressure factors; 
sunny warm days, noon to 2 p.m. One 
swarm lasts 10 min. from small colony; 
in large, several swarms over successive 
favorable days.) 

U.S. Dept. Acric., PLant Pest Controt Div., 
1959, p. 813. (Reticulitermes flavipes un- 
seasonal swarm Providence, Rhode 
Island.) 

VisHNo1, H. S., 1957, pp. 792-793. (India, 
Delhi, 7 species. 

Wituiams, R. M. C., 1959, pp. 203-218. 
(Africa, East Uganda, flight periods 
Cubitermes ugandensis and C. testaceus, 
wing shedding, calling attitude, tropisms, 
colony formation.) 

FOLKLORE 

AvpHonsg, E. S., 1957, p. 280. (Guaymi 
Indians, western Panama, victim bad 
dream put inside fence, heavy smoke 
caused by burning wood, termite nests, 
etc., to fumigate evil spirit.) 

GunTHER, J., 1953, pp. 291, 429, 680. (Africa, 
Bantu, dead buried in ant hills—the im- 
portant individuals (p. 291); “One fea- 
ture of the landscape, here (Jinja) as 
elsewhere in Uganda, is the procession of 
giant ant hills, which line the roads. 
They are jagged and craggy and often 

reach a height of 12 to 15 ft., towering 
like ugly sentinels; they are bright ocher 
red, and resemble mountain peaks in 
miniature. Oddly enough the termites or 
ants living in these fantastic structures 
contribute some form of chemical change 
to the earth, with the result that they 
make good as well as readily available 
material for road repair—earth harder 
and stickier than normal.” (P. 429.) In 
Congo, on death a Bakutu is put into a 
termite hill, a simple procedure and quite 
sanitary. (P. 680.)) 

FOOD, TERMITES AS 

Roonwat, M. L., 1958a, pp. 77-1000. (India, 
food of some tribes in Assam.) 

FOSSIL 

Bucussaum, R., 1938, p. 332, fig. (Winged 
termite in amber. 

Emerson, A. E., 1958, in Weyer (Ed.), 1958, 
pp. 2798-2807. (In Age of Reptiles, 
evolved from roachlike ancestors. Zoo- 
termopsis and Reticulitermes confined to 
temperate regions, and fossils from 
Oligocene (Europe) and Miocene 

(Colorado) indicate these genera have 
been in temperate climates for at least 
40 million years.) 

Fenton, C. L., and Fenton, M. A., 1958, p. 
247. (Winged termite in amber.) 

Haupt, H., 1956, pp. 22-30. (Eocene, Termi- 
tina, 3 n. spp. in 3 n. gen., [domasto- 
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termes mysticus, Eotermes multivenosus, 
Architermes simplex, Geiseltales.) 

Hurp, P. D., Jr., and Smitn, R. F., 1957, pp. 
6-7. (Mexican amber same age (Oligo- 
cene) as Baltic amber and shale from 
Florissant, Colo.) 

Hupp, P. D., Jr., Smiru, R. F., and Usincer, 
R. L., 1958, p. 851. (Mexican amber, 
Chiapas, Mexico, Oligocene and Miocene, 
possibly some Eocene.) 

Martynova, O., 1961, pp. 285-294. (General, 
fossil insects, including termites in refer- 
ences.) 

Pierce, W. D., 1958, pp. 13-24. (U-S., Cali- 
fornia, Miocene, Cryptotermes ryshkoffi, 
Parastylotermes calico, Reticulitermes 
laurae, R. tibialis dubitans, Gnathamt- 
termes magnoculus rousei, n. sp.) 

1950, pp. 72-78. (U.S., California, Miocene 
arthropods including termites among the 
insects, p. 76.) 
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Risk, E. F., 1952, pp. 15-22. (Tertiary, Din- 
more, Queensland, Australia, ?Eocene, 
Blattotermes neoxenus, Mastotermitidae, 
M. wheeleri (of Tennessee) to Blatto- 
termes, n. gen.) 

SANDERSON, M. W., and Farr, T. H., 1960, p. 
1313. (Oligocene amber from Dominican 
Republic first reported by Christopher 
Columbus, 1494-1496. In 1959 near Pedro 
Garcia amber contained insects in several 
orders including Isoptera. Lists amber 
deposits of world.) 

Snyper, T. E., 1960, pp. 493-494. (Mexican 
amber, Oligocene, Kalotermes nigritus 
and Heterotermes primaevus, n. sp. 
winged.) 

Werner, H., 1955d, pp. 55-74. (Amber, in 
Geological States Institute, Hamburg, 
Germany.) 

1956, pp. 363-364. (Amber, pellets, uncer- 
tain, only in Pleistocene?) 

FUMIGATION 

AnonyMous, 1957f, pp. 39, 41. (Ethylene 
dibromide and methyl bromide as soil 
fumigants.) 

19570, p. 37. (U.S., Oklahoma, Kalotermes 
minor introduced, 150 lb. methyl bromide 
and 2,000 lb. tarpaulins to fumigate 
house.) 

1957p, pp. 16, 18, 20, 30. (Ethylene dibro- 
mide fumigation under slabs. 

1958g, pp. 8, 10. (U.S., California, Struc- 
tural Pest Act of California. Fumigation, 
19 items of instruction, precautions, etc.) 

1959k, p. 34. (U.S., Houston, Tex., large 
wooden drydock and pier infested by 
Coptotermes crassus fumigated with 
20,000 lb. methyl bromide released into 
3% million cu. ft. of space tightly covered 
with plastic sheeting weighted on ends 
and dropped below water level, 24 to 48 
hr. period for dock sections.) 

19601, pp. 60, 62. (U.S., Houston, Tex., 
successful fumigation with methyl bro- 
mide under tarps of large floating dry- 
dock infested by tropical Coptotermes 
crassus by Admiral Pest Control Co., of 
Bellflower, Calif.; fans were used for 
better circulation.) 

1960n, pp. 50-51, 56. (U.S., equipment 
directory.) 

BeecHEeM, H. A., 1955, pp. 36, 50. (Methyl 
bromide left in applicator near lethal 
dosage for 20 min. in auto, operator 
recovered.) 

Bess, H. A., and Ora, A. K., 1960, Pp. 503-510. 
(Hawaii, Cryptotermes brevis infesting 

buildings, methyl bromide 2.5 Ib. per 
1,000 cu. ft. for 15. hr. effective within 
23 of 24 buildings; mortality in exposed 
wooden block cages in 18 buildings 
varied from 10 to 100%. Sulfuryl fluoride 
at 2 Ib. per 1,000 cu. ft. for 1.5 hr. killed 
all termites in blocks. Ethylene dibromide 
at 2 to 3 Ib. per 1,000 cu. ft. for 24 hr. 
failed. Also gas failed in 2 out of 5 build- 
ings. Sulfuryl fluoride in 8 buildings far 
superior to methyl bromide, also reduces 
exposure time. Methyl bromide far su- 
perior to ethylene dibromide.) 

Forpz, E. L., 1958, pp. 18, 20. (Hawaii, 
Cryptotermes brevis?, methyl bromide 
under Fumiseal tents.) 

Goésswatp, K., 1958, pp. 129-151. (Effect of 
carburetted hydrogen gas on Calotermes 
flavicollis.) 

Gray, H. E., 1960, pp. 43-46. (U.S., Vikane, 
sulfuryl fluoride, nonflammable, nonex- 
plosive, noncorrosive, no objectionable 
odor or color, volatile, superior penetra- 
tion, released from cylinders outside 
building; use fan for dispersion, 2 lb. per 
1,000 cu. ft., at 55° F. and above, for 
12 to 24 hr., aerate for 4 hr., fans for 
aeration, special detection devices. Fumi- 
gation for drywood termites as well as 
subterranean.) 

Hasster, K., 1960, pp. 36, 38, 40, 42. (US., 
ethylene dibromide greater penetrating 
power, dosage on 5 ft. centers 0.6 pt. per 
hole=3 gal. liquid per 1,000 sq. ft.; 
greater precautions required with ‘lethal 
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gases—do not wear gloves, keep skin 
dry, use halide lamp; 15% solution 
in petroleum solvent with flash point 
350°, 3 pt. per hole. 

Henperson, L. S., 1958, pp. 14, 16. (US., 
Div. Stored Product Insect Investigations 
in 1954 transferred to Marketing Re- 
search Div., Agricultural Marketing Serv- 
ice. Fumigation: measuring gas concen- 
trations during fumigation and correc- 
tion; use plastic film as tarpaulins.) 

Hut, R. L., 1958, pp. 271-272. (Fumigation 
techniques, control Cryptotermes dud- 
leyi.) 

Kenaca, E. E., 1957, pp. 1-6. (Sulfuryl fluo- 
ride, no odor, nonflammable, 75.8 oz. per 
1,000 cu. ft.) 

Lance, W. D., 1958, pp. 9-10. (U.S., fumiga- 
tion committee, Pest Control Operators 
California, proposed specifications, seal- 
ing, sampling gas (methyl bromide), 
injection hoses, circulation by fans, ap- 
plication, dosage, general provisions.) 

1960, p. 6. (U.S., Houston, Tex., in fumi- 
gating floating drydock infested with 
Coptotermes crassus, termites will not eat 
water-soaked timber, usually stay above 
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waterline, hence gas effective, penetrates 
wood.) 

Monro, H. A. U., 1960, pp. 1-13. (General, 
modern fumigants for control of pests; 
the more important fumigants; treat- 
ments, residues, and tolerances; resistance; 
precautions.) 

Pancet, L. J., 1960, pp. 11-14. (U.S., Houston, 
Tex., program for eradication of Copto- 
termes crassus, a subterranean termite 

new to the U.S., at Todd Shipyards by 
fumigation with methyl bromide.) 

Suaw, H. R., 1959, p. 13. (Panama, fumiga- 
tion residence against drywood termites, 
use of tarpaulin.) 

Srewart, D., 1957, pp. 7-11. (Sulfuryl fluoride, 
Kalotermes minor, California, not as toxic 
as methyl bromide to humans; only 3 lb. 
per 1,000 cu. ft. Vegetation killed, 
heavier than air; used above 45° F., 
forced circulation gas, no odor, non- 
flammable.) 

THORNHILL, F., 1955, pp. 16, 18. (Drywood 
termites.) 

Younc, T. R., 1955, pp. 45-46. (US., in- 
expensive heat-exchanger for methyl bro- 
mide drywood termite fumigation.) 

FUNGI, ASSOCIATION WITH 

Anonymovus, 1960h, p. 65. (U.S., A. E. Lund 
(Koppers Co.) finds that a number of 
unidentified wood-destroying fungi may 
be antagonistic to subterranean termites, 
fungus Lentinus lepideus has definite 
influence.) 

Breapy, J. K., 1960, pp. 43-44. (U.S., studies 
3 kinds microorganisms that interfere 
with termite diet. Methods for eliminat- 
ing protozoa, fungi, and bacteria, the 
last-named with antibiotics.) 

Lunp, A. E., 1959a, pp. 320-321. (U.S., sub- 
terranean termites and fungi, mutualism 
or environmental association.) 

1960, pp. 26-28. (U.S., presence of fungi or 

bacteria for prolonged existence of sub- 
terranean termites not resolved. (Reticuli- 
termes spp. capable of initiating attack 
on sound yellow pine sapwood.) 

1960a, pp. 40, 42, 44. (US., studies rela- 
tionship termites and fungi. Reticuli- 
termes flavipes and virginicus capable of 
attacking sound yellow pine. Nutri- 
tional needs. Degrees compatibility spe- 
cific wood-destroying fungi with termites 
in order of decreasing compatibility to 
R. flavipes: 1, Poria incrassata; 2, Len- 
zites trabea, Polyporus versicolor; 3, 
Poria monticola; 4, Lentinus lepideus; 
last has definite antagonistic influence.) 

FUNGUS CULTIVATION 

Coaton, W. G. H., 1961, pp. 39-54. (Africa, 
Macrotermitinae, conidia of agaric Ter- 
mitomyces fungi eaten by termites, sym- 
biotic, fruiting bodies brought to surface.) 

Grassk, P. P., and Noiror, C., 1957a, pp. 1845- 
1850. (Africa, Macrotermitinae.) 

1958b, pp. 113-128. (Africa, Macrotermi- 
tinae, association with Termitomyces, 
construction of fungus garden.) 

1958c, pp. 515-520. (Africa, Macrotermiti- 
nae, types nests.) 

Hesse, P. R., 1957, pp. 104-108. (East Africa.) 

KatsHoven, L. G. E., 1956a, pp. 455-461. 
(Java, Macrotermes gilvus, accumulations 
of finely cut vegetation in nests—wood 
particles, bark, leaves, grass, etc.) 

Roonwat, M. L., 1958a, pp. 77-100. (India, 
agaric in mounds Odontotermes obesus, 
pH combs acidic.) 

Sanps, W. A., 1956a, pp. 531-536. (Africa, 
Kenya, Nairobi, Odontotermes badius, 
fungus comb maintains high humidity 
and heat, fungus only a parasite, not 
cultivated by the termites.) 
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GASEOUS ENVIRONMENT 

Grassk, P. P., and Noror, C., 1958a, pp. 1-28. 
(Behavior of termites with relation to 
atmosphere and air of nest and its re- 
newal. Calotermitidae and Rhinotermiti- 
dae as well as humivorous African 
Termitidae (Apicotermitinae, Termiti- 
nae), except for Anoplotermes, do not 
need fresh air. Hodotermitidae, Macro- 
termitinae and Nasutitermitinae mzy go 
out to collect food, termitaria do not com- 
municate directly with external air, no 
ventilation except by diffusion through 
walls. An undisturbed atmosphere neces- 

Ivory Coast, Uganda, Macrotermes 
natalensis, mechanisms for a supply of 
oxygen for nests.) 

1956a, pp. 273-276. (Africa, Ivory Coast, 
Macrotermes natalensis, air circulates in 
nest, heated in fungus combs in center, 
driven through channels downward 
through the wall, cooled air rises into 
nest again; in Uganda similar aeration 
system.) 

Suimizu, K., 1959, pp. 267-271. 
expiration carbon dioxide.) 

SxaiFE, S. H., 1955, pp. 1-134. (South Africa, 

(Formosa, 

sary.) Amitermes atlanticus, 15% CO, in 
Liscuer, M., 1955a, pp. 289-307. (Africa, nest.) 

GENITALIA 

GeEtMETTI-BonoM], L., 1958, pp. 48-54. 
(Calotermes flavicollis, many anucleated 
spherules present in seminal vesicles res- 
productives, drops RNA (ribonucleic 
acid) trophic material for sperms.) 

Nomor, C., 1958, pp. 557-559. (The appear- 
ance of heterologous gonoducts in the 
course of development of termites, cock- 
roaches, and Orthoptera.) 

GEOLOGIC 

Boyer, P., 1956, pp. 95-103. (Tropical Africa, 
action of termite structures on certain 
soils, Bellicositermes natalensis, B. rex, 
and Thoracotermes brevinotus.) 

1956a, pp. 105-110. (Tropical Africa, Belli- 
cositermes natalensis, the ingredients of 
the termitarium.) 

De 1a Rug, E. A., Bourziére, F., and Harroy, 
J. P., 1957, p. 151. (In Oubangui Chari, 
Africa, mounds of Bellicositermes rex 130 
to 1,600 cu. yd. in volume, bring up clay 
from lateritic stratum, upward transport 
of clay. In savannas in Guinea, influence 
flora and fauna soils by mining. Their 

Roonwat, M. L., 1955b, pp. 107-114. (Ex- 
ternal genitalia.) 

In Tuxen (Ed.), 
ternal.) 

Snopcrass, R. E., 1957, p. 
organs greatly reduced.) 

Weesner, F. M., 1955, pp. 323-345. (US., 
Arizona, Tenutrostritermes tenuirostris, 

internal, external, references to other 
publications on genitalia.) 

1956, pp. 34-38. (Ex- 

19. (Phallic 

AGENTS 

mass per unit surface area is equal to one- 
half entire microfauna, earthworms ex- 
cepted.) 

Rosinson, J. B. D., 1958, pp. 58-65. (Africa, 
Kenya coffee fields, Odontotermes badius 
activities in soil decrease length effective 
mulch life, termite soil material has 
higher percent calcium plus magnesium 
and higher pH value than topsoil or sub- 
soil.) 

SuipMaN, R. F., 1958, pp. 23-24. (Africa, Rho- 
desia, anthills in sandy soils a valuable 
asset.) 

HUMIDITY 

Ernst, E., 1956, pp. 229-231. (In laboratory, 
reaction of termites to humidity, Nasutz- 
termes 1 hr., Kalotermes and Reticuli- 
termes 72 to 48 hr., Zootermopsis 3 to 
6 hr.; receptors on antennae.) 

1957, pp. 97-156. (Influence of humidity on 
duration of life and behavior of termites. 
Kalotermes flavicollis reacts in 3 days, 
Reticulitermes lucifugus in 2 days, Zooter- 

mopsis nevadensis in 5 to 6 hr., Nasuti- 
termes arborum in 1 hr.) 

Pence, R. J., 1957b, pp. 28-30. (Reticulitermes 
hesperus in laboratory, optimum moisture 

97-5%-) 
SxairE, S. H., 1955, pp. 1-134. (South Africa, 

Amitermes atlanticus seek humid atmos- 
phere in artificial nest, shun dry part, 
where calcium chloride has absorbed wa- 
ter vapor.) 
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INTRODUCED 

Anonymous, 1958j, p. 86. (U.S., Florida, 
Nasutitermes nigriceps (Hald.) winged 
in dead orchid pseudopods at Miami, 
Dade County.) 

Dorwarp, K., 1956, p. 57. (U.S., Houston, 
Tex., Coptotermes crassus in dry dock, 
control by burning.) 

Futiaway, D. T., and Krauss, N. L. H., 1945, 
pp. 21-23. (Hawaii, Cryptotermes present 
since 1904, Coptotermes since 1913.) 

Harris, W. V., 1955e, pp. 366-367. (Zooter- 
mopsis angusticollis in Douglas fir from 
western Canada to England.) 

1955f, pp. 36-37. (Kalotermes jouteli_in 
lignum vitae lumber from Santo Do- 
mingo; Zootermopsis angusticollis in 
Douglas fir from North America to 
England.) 

HEtsTErBERG, W., 1959, pp. 142-143. (Austria, 
introduction and radical eradication Ppos- 
sibility.) 

Hick, N., 1957, p. 23. (East Africa, Cryp- 
totermes brevis from West Indies.) 

1961, pp. 26-27. (England, colony of 
Cryptotermes brevis Walk., from Port-of- 
Spain, Trinidad; 5th known record of ac- 
cidental importation; found in gramo- 
phone when household goods unpacked.) 

Kurir, von A., 1958, pp. 1-15. (Reticulitermes 
flavipes introduced to Hallein (Salzburg) 

Austria—47.5° north latitude—in 1955, 
by way of Vienna, from Hamburg, Ger- 
many, in wooden boxes.) 

1958a, pp. 84-87. (More data on above.) 
MoszxkowskI, L. I., 1955, pp. 15-41. (Crypto- 

termes hirbyi n. sp.. from Madagascar 
and C. havilandi from Africa and intro- 
duced into Madagascar, India, and South 
ney 

Scrmivt, H., 1958, pp. 226-228. (Europe, ex- 
periences with introduced termites.) 

Snyper, T. E., 1957, p. 30. (Danger of in- 
troduction of subterranean termites in 
ships.) 

1957e, p. 92. (Danger of introduction of 
subterranean termites in ships.) 

1959, p. 6. (U.S., Houston, Tex., Copto- 
termes, introduced, spread from drydock 
to waterfront structures, Kalotermes ni- 
gritus in logs from Guatemala, inter- 
cepted at San Francisco, Calif.) 

U.S. Dept. Acric., PLANT Pest Controt Div., 
1957, p. 651. (U.S. Kalotermes minor 
infesting building in Oklahoma.) 

Wicumann, H. E., 1957, pp. 183-185. (Cir- 
cumstances of importation of termites in 
families Kalotermitidae, Rhinotermitidae, 
and Termitidae, observations on Zooter- 
mopsis angusticollis and Reticulitermes 
flavipes.) 

LEGISLATION 

Anonymous, 196or, p. 1. (U.S., California, 
Assembly Bill 1930, financial responsibil- 
ity law holds operator in amount of 
$25,000 for personal or bodily injury and 
$25,000 for property damage, minimum 
cost under $100 per year; law does not 
limit liability to $25,000, suit can be 
brought for greater amounts.) 

Bruer, H. L., 1960, pp. 66, 68, 70-72. (US., 
Tennessee, inadequate financing, per- 
sonnel, operations stifle enforcement ter- 
mite laws. PCO’s required to pay for 
own regulation, trained personnel impos- 
sible to employ at salaries offered, mini- 
mum standards become maximum, rou- 
tine inspections necessary. Violations due 
to ignorance, arrogance, fraudulent in- 
tent. Cost enforcement $25,000 per year 
at start, now higher.) 

Concienne, E. A., 1959, pp. 40, 44. (US., 
Louisiana, either university degree in en- 
tomology or 4 years’ experience working 
for state license holder. $2,000 surety 
bond posted, renewed yearly, report 

number jobs, pay $3 (reduced from $5) 
for each job, pays for inspection termite 
jobs.) 

Du Cuanors, F. R., 1960, pp. 37-39. (US., 
Florida, Structural Pest Control Act of 
1959 strengthens Structural Pest Control 
Commission, liberalizes provisions of law 
favoring the industry; latter encouraged 
to become self-regulating; industry serv- 
ices based on applied entomology, in- 
debted to entomology for its origin and 
present stature.) 

1960a, p. 84. (U.S., Florida, commissions 
for structural pest control composed of 
nonindustry members more _ effective, 
wood treating should be licensed, large 
amount of preserved lumber in existing 
structures goes under guise of nonstruc- 
tural pest control.) 

Hoac, R., 1959, pp. 3-5, 9. (U.S., California, 
discussion new rules and regulations 
Structural Pest Control Board, and sug- 
gestions from industry for changes.) 
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Lewis, J. W., 1960, pp. 6-7. (U.S., New York, 
Buffalo, since 1944 law binding pest con- 
trol operators flouted by nonlicensed 
workers without complying with the 
ordinance.) 

NELson, J. A., 1960a, pp. 6-7. (U.S., list States 
which license pest control operators: Ala- 
bama, Arkansas, California, Connecticut, 
Florida, Georgia, Kansas, Kentucky, Loui- 
siana, Mississippi, North Carolina, Okla- 
homa, Tennessee—13 States in all. Cities 
in other States with such laws: District 
of Columbia; Cincinnati, Cleveland and 
Columbus, Ohio; New York City; Pasa- 
dena, Calif.; San Antonio, Houston, and 
La Porte, Tex.; 9 such cities, not a com- 
plete list.) 

NortH Caroiina StructuraL Pest ConTROL 
Commission, 1960, pp. 5-6. (U.S., North 
Carolina, heptachlor approved as soil poi- 
son for termite control.) 

Penn, L. A., 1960, p. 7. (U.S., Wisconsin, 
Milwaukee, exterminators who work with 
poisons and fumigants require license.) 

Pest ConTRoL OPERATORS CALIFORNIA, 1953, 
pp. 1-11. (U.S., California, explanation 
terms accepted standards; inspection re- 
ports; good practice; recommendations.) 

Piummer, J. M., 1960, p. 6. (U.S., Texas, 
Galveston and La Marque have city or- 
dinance regulating pest control.) 
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PopHaM, W. L., 1960, pp. 4-7, in U.S. Dept. 
Agric., ARS Publ. 20-9, 1960. (U.S., 
functions Dept. Agric. and Dept. Health, 
Education, and Welfare in regulation 
pesticides.) 

Rosinson, M. C., 1960, p. 6. (U.S., Arizona, 
Maricopa County, requires license for 
pest control operators in Phoenix and 
other cities in county.) 

SHEBOYGAN, City oF, 1957, p. I. (U.S., to 
control spread of termites and provide 
protection of buildings, any structure, 
post, wooden article or building or part 
thereof infested with termites declared 
public nuisance; after inspection, public 
nuisances must be abated on advice pro- 
vided by Building Inspection Dept. or the 
work done and costs charged against 
property as special tax, 146.14 (5) Wis- 
consin Statutes. No soil, fill, or building 
shall be moved without prior inspection— 
cost $1, violation forfeiture of $100 plus 
costs prosecution, or imprisonment for 30 
days in county jail.) 

STRUCTURAL Pest Controt BoArp CALIFORNIA, 
1953, pp. 1-26. (U.S., amendments on 
licenses, examinations, and fraud struc- 
tural pest control act of California.) 

Taytor, A. F., 1960, p. 7. (U.S., Texas, Pasa- 
dena, new ordinance passed for regula- 
tion pest control operators.) 

MEDICINE, USES IN 

ANONYMOUS, 1957c, p. 5. (Panama, medicine 
is the supreme secret among the Guaymi 
Indians, according to Rev. Ephrain S. 
Alphonse, Wesleyan Methodist mission- 
ary. Certain sores, like those of yaws, are 
smoked. A hole is dug in the ground, the 
nest of a colony of wood termites is 

broken and put in, and a fire is set. This 
gives off a heavy smoke which rises for 
hours. An affected leg is held over this 
smoke for a whole day while the patient 
lies prostrate. The cure, Mr. Alphonse 
says, usually works so far as the sore is 
concerned.) 

MORPHOLOGY 

BANERJEE, B., 1958, pp. 56-57. (India, Odon- 
totermes redemanni, changes in cellular 
morphology oocytes, at different stages of 
development, in ovaries mature queen.) 

Bart, R., 1955, pp. 257-263. (Brazil, Syn- 
termes dirus, tergite glandular areas.) 

Ernst, E., 1959, pp. 289-295. (Obse-vations on 
the nasus in Nasutitermes soldiers.) 

GeELMETTI-Bonom], L., 1958, pp. 48-54. (Calo- 
termes flavicollis, many anucleated spher- 
ules present in seminal vesicles and repro- 
ductives as drops of RNA (ribonucleic 
acid) represent trophic material for 
sperms.) 

Gupta, S. D., in press. (India, primitive ter- 
mite Anacanthotermes macrocephalus.) 

Juccr, C., 1959, pp. 16-28. (In the Mastoter- 
mitidae and Calotermitidae the tentorial 
gland occupies an extracephalic position 
as in the Blattidae, an ancestral condition. 
It probably originated in the thorax.) 

Kusuwana, K. S., 1955, pp. 203-204. (India, 
Odontotermes obesus, external mor- 
phology soldier.) 

1959, pp. 298-299. (India, Odontotermes 
obesus, external morphology worker and 
alate.) 
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19598, Pp. 415-417. (India, Odontotermes 
obesus, chaetotaxy soldier, worker, alate.) 

McManan, E. A., 1960, pp. 270-272. (Hawaii, 
external sex characteristics Cryptotermes 
brevis and Kalotermes immigrans, sterna 
and styles differentiate sexes.) 

Morean, F. D., 1959, pp. 155-195. (New Zea- 
land, Stolotermes ruficeps, .external 
morphology.) 

Mosconl1, P. B., 1958, pp. 77-90. (Study ten- 
torial glands, “corpora allata,” and neu- 
rosecretory cells Mastotermes darwinien- 
sis, close affinity with Blattoidea. Glands 
composed of two parts, one in head, one 
in neck, structurally different. Neuro- 
secretory cells with variable dimension 
in brain, in subesophageal and _pro- 
thoracic ganglion.) 

1958a, pp. 129-139. (Zootermopsis angusti- 
collis in nymphal stage endocrine system 
studied. Neurosecretory cells in proto- 
cerebrum and in ganglia ventral chain. 
Corpora allata have round form and 
small or large cells, with uniform charac- 
ter. Tentorial (prothoracic) gland shows 
extracephalic part much greater than ret- 
rocerebral one. Cells very chromophilous, 
in intracellular spaces small black gran- 
ules, perhaps a Gomori-positive material.) 

Mukerjl, D., and BANERJEE, B., 1955, pp. 289- 
290. (India, Odontotermes redemanni, 
mouthparts.) 

Norrot, C., and Kovoor, J., 1958, pp. 439-471. 
(Africa, Termitinae, study digestive tract 
19 of 22 genera. From anatomical varia- 
tions, two types tracts correspond to two 
lines evolution. Under Thoracotermes 
type: <Apilitermes, Crenetermes, Megag- 
nathotermes, Orthotermes, Basidenti- 
termes Fastigitermes, Probositermes, Cu- 
bitermes, Procubitermes, Noditermes, 
Tuberculitermes, Ophiotermes, and Eu- 
chilotermes; the gizzard is simple, the 
enteric valve is complex, a blind diver- 
ticulum is present on second pouch of 
hindgut. Among Termes and _ allied 
Pericapritermes, Capritermes, and Promi- 
rotermes, the internal wall gizzard is 
covered with longitudinal folds, as in 
lower termites, simpler enteric valve, 
second pouch hindgut without blind di- 
verticulum. Ceratotermes classification 
difficult.) 
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OBENBERGER, J., 1952, pp. 1-869. (Anatomy 
and morphology.) 

RicHarp, G., 1956, pp. 487-489. (France, Calo- 
termes flavicollis, nerves and tracheae.) 

Roonwat, M. L., and Cunorani, O. B., 1960, 
pp. 125-132. (Tibial spur formula for 
Coptotermes 3:2:2 based on study 32 
world species.) 

Scumupt, H., 1956a, pp. 115-125. (Nourish- 
ment organs and biology. 

1959, pp. 79-86. (Nourishment organs and 
biology of nutrition, grinding, and pre- 
digestion. Importance of proventriculus 
in Macrotermes natalensis different. Ba- 
sically gizzard consists of 12 chewing 
plates, thickened chitinized projections of 
the inner cuticular layer of the foregut, 
different in each species and provided 
with teeth and ridges. Gizzard activated 
by muscles. Opposed chewing plates have 
grinding effect and break up solid food 
(wood) into food (mechanical prediges- 
tion). Padlike lobes (“wing folds”) reach- 
ing from the chewing plates into the car- 
diac valve press back the chewed food 
into the crop. Important proventriculus 
“social feeding organ,” food ground and 
fed growing larvae as a brei rich in 
carbohydrates.) 

SPRINGHETTI, A., 1957b, pp. 333-349. (Italy, 
Kalotermes flavicollis, tentorial glands 
(ventral, prothoracic) and corpora allata.) 

Visunot, H. S., 1956, pp. 1-18. (India, Odon- 
totermes obesus, structure, musculature, 

and mechanism of feeding apparatus of 
various castes.) 

1956a, pp. 45-46. (India, Odontotermes 
obesus, cephalic musculature.) 

Weiner, H., 1955e, in Schmidt, H. (Ed.), 
1955b, pp. 5-81. (Body structure.) 

ZuseER!I, H. A., 1959, pp. 288-291. (Africa, 
architecture of brain Ancistrotermes la- 
tinotus and A. crucifer figured.) 

1959a, Pp. 3341-3343. (Africa, Trinervi- 
termes tchadensis structure of brain in 
relation to polymorphism, brains minor 
and major soldiers and workers dis- 
cussed.) 

1960, pp. 3506-3508. (Palearctic, structure 
of brain of Anacanthotermes ochraceus, 
a primitive harvester termite; differences 
in brains castes.) 

NESTS 

AusrEVILLE, A., 1959, pp. 21-24. (Africa, 
Ghana, termitaria aligned on savanna and 
in brush on plains.) 

BANERJEE, B., 1956, p. 742. (India, Odonto- 
termes redemanni, mounds.) 
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Barros-Macuapo, A., 1957, pp. 80-81. (Archi- 
tecture and evolution of African Apico- 
termes nests.) 

Boyer, P., 1956, pp. 95-103. (Africa, tropical, 
action of termitaria on certain soils, Bel- 
licositermes natalensis, B. rex. Thoraco- 
termes brevinotus.) 

1956a, pp. 105-110. (Africa, tropical, the 
ingredients of the termitarium of Belli- 
cositermes natalensis.) 

Coaton, W. G. H., 1958, pp. 1-112. (South 
Africa, Hodotermes mossambicus and 
Microhodotermes viator mounds, soil 
dumps, nest system.) 

De 1a Rog, E. A., Bourtiire, F., and Har- 
ROY, J. P., 1957, pp. 27, 48, 100, 127, 130, 
148, 151. (Tropics, tree nests in Panama, 
mushroom-shaped nests West Africa, 
magnetic nests Amitermes meridionalis, 
Australia; in savannas in Guinea their 
mass per unit surface area is equal to one- 
half entire microfauna, earthworms ex- 
cepted; eat humus. Influence flora and 
fauna soils by mining, mounds Bellicosi- 
termes rex 130 to 1,600 cu. yd. in volume, 
bring up clay from lateritic stratum, 
upward transport of clay.) 

DesNEUX, J., 1956, pp. 1-12. (Africa, atypical 
subterranean nests Apicotermes lamanti.) 

1956a, pp. 92-97. (Africa, Apicotermes 
rimulifex nests.) 

1956b, pp. 277-281. (Africa, Apicotermes 
lamani, atypical subterranean nests.) 

1958, pp. 281-285. (Africa, Apicotermes ar- 
quieri double nests.) 

1959, pp. 286-292. (Africa, Apicotermes 
rimulifex nest Belgian Congo, ancestral 
type related to A. arquieri and occultus 
while holmgreni and tradgdrdhi are still 
more primitive in morphology and be- 
havior with nests without pores in walls.) 

Emerson, A. E., 1956, pp. 248-258. (Regen- 
eration nest structures, ventilation mecha- 
nisms, homeostasis of nests.) 

Fonssca, J. P. C. pa, 1959a, pp. 705-719. (Por- 
tuguese Guinea, nests in landscape, vari- 
ous types figured.) 

Grass£, P. P., 1958, pp. 189-200. (Brazil, Sao 
Paulo, Cornitermes cumulans, subterra- 
nean nest transformed later into mound 
nest 1.60 m. high, base diameter 0.95, 
queen moves about in nest.) 

Grassk, P. P., and Norot, C., 1948, pp. 869- 
871. (Africa, the climatization of the nest 
by its inhabitants and the transportation 
of water.) 

1957, Pp. 974-979. (French Equatorial 
Africa, giant mounds.) 
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1958c, pp. 515-520. (Africa, 3 types nest, 
Odontotermes, Bellicositermes, Sphaero- 
termes, etc., with and without paraécie, 
habitacle, exoécie, or large canals to ex- 
terior not communicating with nest 
proper; habitacle, where population as- 
sembles and true royal cell; paraécie, open 
space isolates habitacle. Nests of soil 
chiefly clay cemented with saliva, royal 
cell, macerated vegetation in fungus gar- 
den. Sphaerotermes royal cell constructed 
of excrement, no fungus garden, absence 
of partition of habitacle.) 

Harris, W. V., 1954-1955, p. 35. (Africa, An- 
gola, Apicotermes nests. 

1956, pp. 261-268. (Eastern Africa, mound 
building.) 

Harris, W. V., and Brown, E. S., 1958, pp. 
737-750. (Solomon Islands.) 

Hartwic, E. K., 1956, pp. 629-639. (Africa, 
Trinervitermes, population distribution in 
nests.) 

Joncen, P., and OosrtEn, M. van, 1956, p. 247. 
(Africa, Ubangi soil of a mound nest.) 

KatsuHoven, L. G. E., 1956, pp. 269-272. (Java, 
Macrotermes  gilvus, inner structure 
mounds.) 

Kevan, D. K. McE., 1956, pp. 498-499. (SE. 
Ethiopia, Ogaden, massive termitaria.) 

Leteup, N., 1955, pp. 374-375. (Africa, Bel- 
gian Congo. 

1960, pp. 197-206. (Africa, Belgian Congo, 
types nests described.) 

Nomort, C., 1959, pp. 179-184. (Vietnam, nests 
Macrotermes gilvus common in paddy 
fields of Mekong plain, Cambodge, inun- 
dated several months of year, architec- 
ture nests compared with those of other 
regions; fungus gardens supply food re- 
serves during floods.) 

1959a, pp. 259-269. (Vietnam, Cambodge 
(Indochina), Globitermes sulfureus builds 
intricate nest, modified in rice marshland. 
Soil, excrement (ligneous), and wood 
fragments (cellulose) used in nest build- 
ing, earth exterior, inner wall excrement, 
more internal regions replaced by vegetal 
material. Wood fragments for food re- 
serve.) 

Paruak, A. N., and Lert, L. K., 1959, pp. 87- 
go. (India.) 

Ranp, A. L., and Brass, L. J., 1940, pp. 358. 
(New Guinea, Mabadauan savannas 
southern New Guinea very large pin- 
nacled nests 3 ft. in height, characteristic 
feature, plate 33.) 
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Scumuipt, R. S., 1955, pp. 344-356. (Africa, 
Apicotermes nests important ethological 
material.) 

1955a, pp. 157-181. (Idem, evolution nest 
uilding. 

1958, pp. 76-94. (Africa, Apicotermes tri- 
gardhi, evolution of nest-building, most 
primitive lack wall perforations, shagreen, 
internal arrangement cellular.) 

SxairE, S. H., 1955, pp- 1-134. (South Africa, 
Amitermes atlanticus mound nests 2 ft. 
high, 25 to 50 years old.) 
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VisHnor, H. S., 1955, pp. 143-144. (India, 
Odontotermes obesus, royal cell with un- 
usually large openings.) 

1955a, p. 291. (India, Odontotermes obesus 
mounds. 

Werner, H., 1955a, pp. 201-207. (Africa, 
Angola, nest of Apicotermes machodoen- 
sis, 1. sp.) 

Wewwner, H., in Schmidt, H. (Ed.), 1955b, 
pp. 82-120. (Nests, Tropics, phylogeny 
Apicotermes nests; nests in temperate re- 
gions, tubes.) 

NUTRITION 

ALIBERT, J., 1960, pp. 4205-4206. (France, 
Kalotermes flavicollis trophallactic ex- 
changes between sexual and larvae in 
young and more aged colonies.) 

Breapy, J. K., 1960, pp. 43-44. (U.S., studies 3 
kinds microorganisms that interfere with 
termite diet. Methods eliminating proto- 
zoa, fungi, and bacteria—latter with anti- 
biotics.) 

Gay, F. J., Greaves, T., Hotpaway, F. G., and 
Wetuer.y, A. H., 1955, pp. 1-60. (Aus- 
tralia, food preferences.) 

Henry, T. R., 1958, p. 45. (Canal Zone, Pan- 
ama, eat lead, thrive on arsenic.) 

Lunp, A. E., 1960a, pp. 40, 42, 44. (US., 
studies relationship termites and fungi. 
Reticulitermes flavipes and virginicus 
capable attacking sound yellow pine. Nu- 
tritional needs. Degrees compatibility spe- 

cific fungi with termites, some have defi- 
nite antagonistic influence.) 

Pence, R. J., 1956b, pp. 238-240. (Reticuli- 
termes hesperus prefers black dyed 
wood.) 

1957, Pp. 44, 58. (Stucco and cement di- 
gested by Reticulitermes hesperus.) 

ScumupT, H., 1956a, pp. 115-125. (Organs and 
biology nutrition.) 

Sxarre, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, eat decayed stems 
plants, cow pats, decayed wood, 20,000 
termites devour 500 times own volume in 
one year.) 

1957, Pp- 373-390. (South Africa, Kalo- 
aoe durbanensis prefers newsprint pa- 
per. 

Tracey, M. V., and Youatt, G., 1958, pp. 70- 
72. (Australia, cellulase and chitinase in 
two species of Australian termites.) 

OBITUARY 

Anonymous, 1960f, p. 46. (Karl Hassler, 1898- 
1960.) (Fumigation to control termites in 
US 

Buttock, T. H., 1947, pp. 483-484. (S. F. 
Light, 1886-1947.) 

Conky, E. G., 1951, pp. 433-434. (Harold 
Heath, 1868-1951.) 

Cronin, J. E., 1960, p. 25. (Hermann von 
Schrenk, 1873-1953.) (Experiments on 
soil poisons and wood preservatives.) 

PemBertTon, C. E., 1960, pp. 332-333. (Otto 
Hermann Swezey, 1869-1959.) 

1960a, pp. 182-185. (Otto Hermann Swe- 
zey, 1869-1959.) (Notes on termites in 
Hawaii from 1914-1954.) 

Snyper, T. E., Grar, J. E., and Smrtn, M. R., 
1961, pp. 68-73. (William M. Mann, 
1886-1960.) (Collected termites on expe- 
dition to Tropics, described new termi- 
tophiles.) 

Snyper, T. E., Wetmore, A., and Porter, 
B. A., (1959) 1960, pp. 1231-1232. (James 
Zetek, 1886-1959.) (Termite tests in the 
Canal Zone, Panama.) 

PARASITES 

Bucuut, H., 1960, pp. 1320-1321. (France, ec- 
toparasite Antennopsis gallica on Reticuli- 
termes lucifugus, santonensis, out of 20 
young colonies, 15 are dead 11 to 13 
months after foundation.) 

1960a, pp. 3365-3367. (Madagascar, Anten- 
nopsis grassei parasite on Neotermes am- 
plus, N. desneuxi, and Glyptotermes 
longiceps, also on eggs.) 
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Drevzewe, R., 1930, pp. 569-571. (North 
Africa, Tyroglyphid Caloglyphus with 
Reticulitermes.) 

Gatto, F., 1955, pp. 134-142. (Italy, Tyro- 
lichus casei parasitic mite attacking labo- 
ratory colonies Kalotermes flavicollis and 
Reticulitermes flavipes.) 

Oupvemans, A. C., 1928, p. 313. (Acarine, 
Caloglyphus feytaudi, n. sp., parasite of 
Reticulitermes lucifugus, North Africa 
and Spain.) 

Pérez, C., 1908, p. 631. (France, Duboscquia 
lezeri, new microsporidian parasite of 
Termes lucifugus.) 

Sécuy, E., 1935, p. 181. (China, Hylemyia 
cana, Muscid, Idia flavipennis, Calli- 
phorid, Termes fukiensis? nests, Reticuli- 
termes fukiensis.) 
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1953, p. 9. (Morocco, Calliphoridae: Rhyn- 
choestus wetsst, Maroc saharien, ectopara- 
site Hodotermes ochraceus.) 

1955, pp. 166-177. (Madagascar, Calliphorid, 
Rhynchomyia anterotes, n. sp., parasite of 
Coarctotermes clepsydra; records of 4 
other species associated with termites.) 

SENIor-WuirtE, R., et al., 1940, pp. 188-189, 
192-194, 197. (British India, Diptera, Bor- 
bororhina bivittata attracted to freshly 
opened Exutermes mounds, also Stomo- 
rhina luteigaster. Calliphoridae: Stomo- 
rhina discolor, Stomorhina lunata be- 
neath termite infested cow dung, Telin- 
kheri, Nagpur, from white ants nest). 

Toumanorf, C., and ToumanorrF, T. C., 1959, 
pp. 216-218. (France, epizootic due to 
Serratia marcescens, “Reticulotermes san- 
tonnensis.’”) 

PHYLOGENY 

Emerson, A. E., 1960, pp. 1-28. (Oriental, 
Malagasy, and Australian regions, phy- 
logeny Nasutitermitinae, separate origin 
nasute soldier in two major branches; 
imago-worker mandibles valuable in tax- 
onomy. Subfamily arose in Neotropical 
region; Subulitermes branch, paralleling 
Nasutitermes branch, had spread to all 
tropical regions by mid-Cretaceous time. 
No species from Papuan region. Imago- 

worker dentition trend toward propor- 
tional enlargement apical teeth compared 
to first marginal tooth. Vestigial man- 
dibles of soldier have lost apical points 
in Subulitermes.) 

1960a, pp. 1-21. (Africa, phylogeny 4 new 
genera on Subulitermes branch Nasutiter- 
mitinae, from Belgian Congo.) 

1960b, pp. 1-49. (Africa, Belgian Congo, 
phylogeny 6 new genera Termitinae.) 

PHYSIOLOGY 

Crark, E. W., and Craic, R., 1953, pp. IOI- 
107. (U.S., calcium and magnesium con- 
tent in the haemolymph of adult Zooter- 
mopsis angusticollis.) 

GrécoreE, C., 1957, p. 9. (Canal Zone, Pan- 
ama, Cryptotermes, coagulation haemo- 
lymph pattern 1, inception of plasma in 
shape of islands of coagulation around 
hyaline hemocytes.) 

Howe 1, D. E., 1960, pp. 12, 14, 16. (U.S., 
some chlorinated hydrocarbons, etc., may 
enter insect body in more than one way; 

oil solutions act more quickly than wa- 
ter, nervous system affected by DDT, etc.; 
inhibition of enzymes by parathion, etc., 
organophosphates.) 

Juccr, C., 1958, pp. 475-479. (Italy, resistance 
of termites to insecticides. 

Roeper, K. D, (Ed.), 1953, pp. 94, 130, 277, 
307, 323-324, 337-338, 344, 385, 482, 667, 
677, 697, 748, 751-753, 755» 757s 761, 765; 
768-770, 774-777, 779s 827, 853. (Termite 
physiology.) 

POPULATION 

Desneux, J., 1956, pp. 1-12. (Africa, Apico- 
termes lamani, coordination of collective 
work of workers in nest construction; 
atypical subterranean nests illustrated.) 

Hartwie, E. K., 1956, pp. 629-639. (Africa, 
population distribution Trinervitermes 
nests.) 

HEINzELIN, J. DE, 1955, pp. 1-37- (Africa, 
tropical, termite populations.) 

LiscHer, M., 1955a, pp. 289-307. (Africa, 
Ivory Coast and Uganda, Macrotermes 
natalensis, 2 million population large 
mound.) 

Sxarre, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, 40,000 individuals 
in mound 12 in. high in winter, prob- 
ably never exceeds 50,000.) 
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PREDATORS 

ANONYMOUS, 1957e, p. 20. (U.S., Washington, 
D.C., Zoo, damage to photo file by ter- 
mites, control by Tamandua.) 

Berer, M., 1930, pp. 44-48. (West Africa, 
pseudoscorpions, Pilanus pilatus and pill- 
fer in termite nests.) 

Bracksitz, H., 1955, pp. 260-261, 282. (US., 
birds and termites, flying, species of Re- 
ticulitermes.) 

Carasy, J. H., 1956a, pp. 93-96. (West Aus- 
tralia, food habits of Myobatrachus 
gouldi, white anteater.) 

1960, pp. 79-80. (W. Australia, desert frogs 
feeding on termites.) 

1960a, pp. 143-146. (SW. Australia, mar- 
supial “numbat” (Myrmecobius) eats 
Coptotermes acinaciformis, lives in hol- 
low eucalyptus logs—small banded ant- 
eater.) 

1960b, pp. 183-207. (SW. Australia, mar- 
supial numbat (Myrmecobius f. fascia- 
tus) feeds on termites and ants.) 

CHamper.in, R. V., 1925, pp. 35-44. (Canal 
Zone, Panama, Barro Colorado Island, 
chilopods (centipedes) found with ter- 
mites: Cryptops zeteki with Mirotermes 
panamaensis, Cryptops sp. with Obtusi- 
termes biformis, Physida nuda with Leu- 
cotermes tenuis, Cupipes ungulatus with 
Eutermes sp., Orphnaeus brevilabiatus 
with Nasutitermes columbicus and Ano- 
plotermes parvus, probably all predators.) 

1926, p. 10. (Canal Zone, Panama, centi- 
pede S. (Schendylotyn) integer Chamber- 
lin in nest of Anoplotermes gracilis 
Snyder.) 

1944, p. 187. (New Hebrides, centipede 
Mecistocephalus consocius, n. sp., with 
Kalotermes (Neotermes) sanctaecrucis.) 

De 1a Ruz, E. A., Bourtizre, F., and Har- 
roy, J. P., 1957, pp. 147, 151. (Tropics, 
in Africa ants Megaponera and Pallo- 
thyreus; in savannas anteaters, aardvark 
and pangolin.) 

Grece, R. E., 1958, pp. 111-121. (Madagascar, 
Metapone madagascarica and emersoni, 
ants in rotten wood with termites.) 

Guo, A. S., and RuFFINELLI, A., 1958, p. 919. 
(Montevideo, predaceous wasp (Crypto- 
cheilis sp.) paralyzes Nasutitermes.) 

Henry, T. R., 1958, pp. 21, 49. (Tamandua; 
snakes Typhlopidae and Glauconidae 
prey on termites, snakes eat eggs and 
young.) 

Hunt, R., 1958, p. 58. (U.S., San Diego, Calif., 
dermestids Trogoderma ornatum scaven- 
gers on dead Kalotermes minor.) 

Krantz, G. W., 1958, pp. 127-131. (U.S., Ore- 
gon, Diplogynid mite Lobogyniella tra- 
gardhi associated with Zootermopsis an- 
gusticollis.) 

Main, A. R., and Carasy, J. H., 1957, pp. 222- 
223. (NW. Australia, termites as food of 
frogs.) 

Opu1aMpo, T. R., 1958, pp. 167-175. (Africa, 
Uganda, hemipteron, reduviid (Acanthas- 
pis petax) in mounds.) 

RoonwaL, M. L., 1958a, pp. 77-100. (India, 
rats in Assam, anteaters, lizards, birds.) 

SxaiFeE, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, at time of swarm 
few survive predators, in nests red and 
white mites, solpugid.) 

Spencer, G. J., 1957, p. 13. (British Colum- 
bia, Zootermopsis angusticollis winged 
eaten by Bonaparte’s gulls.) 

Von Porat, C. O., 1894, p. 25. (Cameroon, 
centipede in tunnels termite hills.) 

Werner, H., 1955a, pp. 201-207. (Africa, 
Angola, struggle between soldier Pseu- 
dacanthotermes militaris and soldier of a 
forest ant Dorylus (Typhlopone) fulvus 
dentifrons.) 

1957, p. 109. (Germany, Hamburg, carabid 
larvae as enemy of termites, Reticuli- 
termes flavipes preyed on by Harpalus 
aeneus and Pterostichus vulgaris?) 

WERNER, F., 1935, p. 470. (Africa, Portuguese 
Guinea, whipless whipscorpion Para- 
charon caecus in termite nest.) 

PROTOZOA 

Ansari, M. A. R., 1955, p. 62. (Pakistan, La- 
hore, Mastigophora: Retortamonidae, Re- 
tortamonas termitis, Amitermes beau- 
monti, Panama.) 

Cuaxravarty, M. M., and Banerjer, A. K., 
1956, pp. 35-44. (India, holomastigotid 
and trichonymphid flagellates from an In- 
dian Heterotermes.) 

Creveranp, L. R., 1955, pp. 511-542. (US., 
hormone-induced sexual! cycles of flagel- 
lates, unusual behavior of gametes and 
centrioles of Barbulanympha.) 

1958, pp. 47-62. (U.S., factual analysis of 
chromosomal movement in Barbulanym- 
pha, depends on number and position of 
poles.) 
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1958a, pp. 63-68. (U.S., movement of 
chromosomes in Spirotrichonympha to 
centrioles instead of the ends of central 
spindles.) 

1958b, pp. 105-115. (US., photographs of 
fertilization in the smaller species of 
Trichonympha.) 

1958c, pp. 115-122. (U.S., photographs of 
fertilization in Trichonympha grandis, a 
protozoan in Cryptocercus, difference in 
fusion gametes.) 

1960, pp. 326-341. (General, the centrioles 
of Trichonympha from termites and their 
function in reproduction.) 

CieveLanp, L. R., and Burke, A. W., 1956, 
pp. 74-77. (Effects of temperature and 
tension on oxygen toxicity for protozoa 
of Cryptocercus.) 

CLEVELAND, L. R., and Nurtine, W. L., 1954, 
pp. 785-786. (U.S., protozoa as indicators 
of developmental stages in molting of the 
roach Cryptocercus.) 

1955, pp. 485-513. (Suppression of sexual 
cycles and death of protozoa of Crypto- 
cercus |[punctulatus| resulting from 
change of hosts during molting period.) 

De Me to, I. F., 1952-1954, pp. 127-133. (Bra- 
zil, Stephanonympha havilandi from in- 
testine of Cryptotermes havilandi, an 
African termite introduced into Brazil.) 

Doce’, V. A., 1956, in Poltev and Pavel’eva 
(Ed.), 1956, pp. 47-62. (Protozoan sym- 
bionts of termites and their general bio- 
logical significance in life of their hosts.) 

Grorcévitcu, J., 1929. (Yugoslavia, intestinal 
fauna termites.) 

1931. (Yugoslavia, flagellates termites.) 
GrassE, P. P., 1959b, pp. 482-483. (Chromo- 

somes of protozoa, symbionts of termites, 
in small! zooflagellates the chromosome in- 
terphases are recognizable in the nuclear 
fluid, having the appearance of vesicules 
limited by a thin membrane. There is 
neither a filament nor structure in the in- 
terior of the chromosome vesicule.) 

Grimstong, A. V., 1959, pp. 480-482. (US., 
cytoplasmic organization in Trichonym- 
pha, symbiont flagellates in Zootermopsis 
angusticollis, functional significance para- 
basal apparatus, membrane of saccules 
may contain enzyme system responsible 
for synthesizing the polysaccharide.) 

GuTI&rREZ, J., 1956, pp. 39-42. (Metabolism of 
cellulose-digesting symbiotic flagellates 
of the genus Trichonympha from Zooter- 
mopsis.) 

Ionescu, M. A., 1959, pp. 112-115. (Rumania, 
Reticulitermes lucifugus, flagellates, hy- 
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permastigines—Spirotrichonympha flagel- 
lata, S. segmentata, S. crinita, Tricho- 
nympha agilis, Trichonympha agilis, var. 
danubica, Trichonympha agilis, var. ja- 
ponica, T. chattoni, T. serbica, Holo- 
mastigotes elongatum.) 

Ionescu, M. A., and Murcoct, A., 1949, pp. 
618-623. figs. 2-4. (Rumania, Reticult- 
termes lucifugus intestinal fauna, proto- 
zoan Spirotrichonympha crinita, n. sp. 
Te Pe agilis, var. danubica.) 

1950, p (Rumania, Reticulitermes lu- 
ibdeds nena fauna.) 

LavetrE, A., 1959, pp. 474-476. (“Phos- 
phatase” acids in symbiotic flagellates of 
termites.) 

No1or, C., and Norrot-Timortuée, C., 1959, 
pp. 775-777. (Termitophrya, n. gen., new 
type of ciliate infusoria commensal of cer- 
tain termites, T. africana in posterior in- 
testine Jugositermes tuberculatus workers, 
Oubangui-Chari, or Gabon. Other species 
Termitophrya occur in three Apicoter- 
mitinae: J]. tuberculatus Emerson, Ros- 
trotermes cornutus Grassé, Trichotermes 
villifrons Sjost., and .in Termitinae: Peri- 
capritermes chiasognathus Sjost. of Gabon 
and P. urgens Silv. of the Ivory Coast.) 

Nuttine, W. L., 1956, pp. 83-90. (Reciprocal 
protozoan transfaunations between the 
cockroach Cryptocercus [punctulatus] 
and the termite Zootermopsis [angusti- 
collis|.) 

Nuttine, W. L., and Creveranp, L. R., 1954, 
p. 747. (U.S., effects of transfaunations 
on the sexual cycles of the protozoa of the 
roach Cryptocercus.) 

1954a, p. 786. (Effects of reciprocal trans- 
faunations on protozoa of the roach 
Cryptocercus and the termite Zootermop- 
sis.) 

1955, pp. 485-513. (Suppression of sexual 
cycles and death of the protozoa of Cryp- 
tocercus |punctulatus| resulting from 
change of hosts during molting period.) 

1958, pp. 13-37. (Effects of glandular ex- 
tirpations on Cryptocercus and the sexual 
cycles of its protozoa.) 

Ritter, H. T. M., 1956, pp. 209-210. (Biology 
certain intestinal associates of Reticult- 
termes flavipes.) 

Roonwat, M. L., 1958a, pp. 77-100. (India, 
intestinal flagellates.) 

SaLEEM, M., 1955, pp. 34-39. (Pakistan, 2 new 
genera of hypermastigote flagellates from 
Archotermopsis wroughtoni.) 
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Scumivt, H., 1956c, pp. 269-275. (Intestinal 
flagellates of termites.) 

1960a, pp. 261-263. (Associations termites 
and microorganisms.) 

SxarrE, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, protozoan Nycto- 
therus silvestrianus in alimentary canal, 
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not numerous, probably unimportant in 
digestion cellulose.) 

1957, PP. 373-390. (South Africa, Kalo- 
termes durbanensis, exposure to tempera- 
ture 36° C. for 24 hr. has little effect on 
protozoa, but —10° C. for 2 to 3 hours 
harmful.) 

RACKET 

ANoNyMous, 1956e, pp. 1-4. (National Better 
Business Bureau report on Dry-Cure En- 
gineering Co.; summary of Hunsberger’s 
claims that termites cannot eat wood and 
comments by entomologists.) 

1956h, pp. 1-3. (Supplemental report to 
Anon., 1956e.) 

1957k, p. 1. (Refutes Hunsberger’s claim 
that termites cannot eat wood.) 

1959d, pp. 1-4. (National Better Business 
Bureau warns against termite quackery, 
scare tactics, and recommends National 
Pest Control Association’s advice on how 
to purchase wisely.) 

Snyper, T. E., 1956a, p. 26. (Warning against 
rackets in termite control.) 

RADIATION 

AuterT, J., 1959, pp. 1040-1042. (France, 
radioactive phosphorus as an aid in the 
study of trophallactic exchanges, Calo- 
termes flavicollis.) 

Anonymous, 1960d, p. 28. (Hawaii, Hono- 
lulu, wood soaked with radioactive iso- 
tope solution; “hot” wood eaten, showed 
how fast food travels through colony, 
how various castes fed.) 

Bietcuty, J. D., and Fisuer, R. C., 1957, p. 
670. (England, cobalt-6o kills eggs pow- 
der post beetles by exposure to 4000 
rontgens 1 to 4 days after hatching, re- 
sistance increases rapidly as develop; 
larval development arrested by irradiation 
at 8000 roéntgens; same dosage adults, no 
fertile eggs. Tests on all stages outside of 
wood.) 

Dick, W. E., 1957, pp. 1-50. (U.S., wood 
borers treated by dosage 1000 curies co- 
balt-6o.) 

Gosswatp, K., and Kiort, W., 1958, pp. 743- 
745. (Radioactive isotopes in the study of 
colony life of insects.) 

Kurir, von A., 1958a, pp. 84-87. (Austria, 
Reticulitermes flavipes, eradication with 
cobalt-6o or strontium-go radioactive ashes 
in soil in areas not thickly populated, as 
Hallein, but not in Hamburg, Germany— 
radioactive isotopes would be dangerous.) 

1959, pp. 101-104. (Austria, Reticulitermes 
flavipes, eradication by irradiation, co- 
balt-60 or strontium-go suggested.) 

Mercatr, R. L. (Ed.), 1957, pp. 81-146. (Use 
of radioisotopes in pesticide research; 

radioactive insecticides, tagging.) 
1958, pp. 183-206. (Isotope dilution tech- 

niques for determination pesticide resi- 
dues.) 

REARING 

Henopez, E. C., 1937, 72 Galtsoff, et al., 1937, 
pp. 275-278. (U.S., rearing of dampwood 
termites in laboratory, rotten wood in 
containers; drywood termites, wood with 

10% moisture minimum; subterranean 

termites, moist grooved wood in glass jars 
with soil.) 

Osmun, J. V., 1956, pp. 141-143. (Rearing 
method for subterranean termites, Reticu- 
litermes flavipes.) 

1956a, p. 21. (Rearing of subterranean ter- 
mites, Reticulitermes flavipes.) 

Pence, R. J., 1955, pp. 28-30. (Easy-to-build 
termite houses.) 

1957b, pp. 238-240. (Reticulitermes hesperus 
maintained for long periods in end-slotted 
moisture gradient test tubes set in bat- 
tery jars, moisture 97.5% optimum.) 

SxairE, S. H., 1955, pp- 1-134. (South Africa, 
Amitermes atlanticus, observation nests— 
portions of mound in plaster of paris, 
sheet cork with cells.) 

1957, Pp. 373-390. (South Africa, Kalo- 
termes durbanensis, artificial nests, glass 
tubes, plaster of paris with sawdust. 
Wooden nests.) 



40 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

REGENERATION 

Emerson, A. E., 1956, pp. 248-258. (Africa, 
regenerative behavior—nest structure.) 

RESISTANT WOODS 

ANONYMoUs, 1953t, p. 70. (Australia, Can- 
berra, Syncarpia laurifolia, Eucalyptus 
crebra, E. tereticornis, paniculata, mi- 
crantha, grandis resistant.) 

1956i, p. 67. (Australia, Canberra, Euca- 
lyptus rostrata, propinqua, punctata, sa- 
ligna, eugenioides, sieberiana; plastics, 
polystyrene unsaturated polyesters, epoxy- 
lenes, and phenolic laminates, polyvinyl 
chloride and cellulose acetate become sus- 
ceptible when plasticized.) 

1957h, pp. 1-15. (U.S., Mississippi State 
Highway Dept. guard rail posts, native 
red cedar round posts (1937-1955) 60% 
perfect; 1939-1953, 85%; 1949-1953, 85%. 
Western red cedar (1938-1947) 25% per- 
fect. Black locust (1938-1955) 85% per- 
fect.) 

1958h, p. 66. (Australia, Canberra, order 
decreasing resistance: tn aay rostrata, 
E. propinqua, E. punctata, E. saligna, E 
eugenioides, E. sieberiana to C optotermes 
lacteus and Nasutitermes exitiosus. Ex- 
tracts from black bean Castanospermum 
australe have antitermitic effect. Plastics 
thin films polyethylene, polyvinylidene 
chloride, and polyvinyl chloride pene- 
trated by termites. Cable sheathings of 
polyvinyl chloride containing fractional 
percentages of aldrin and dieldrin im- 
mune, permanence not known.) 

19581, pp. 113-119. (U.S., FHA, California 
redwood, foundation grade, tidewater red 
cypress, 100% heartwood.) 

1959q, pp. 1-15. (U.S., Mississippi State 
Highway Dept. guard rail posts, native 
red cedar round posts, 8 to 10 in. in 
diameter, 1937-1955 and all other tests 
naturally resistant woods closed as of 1957 
report.) 

1959s, p. 66. (Western Australia, tests com- 
mercial timbers underway.) 

Asenjo, C. F., Amoros-Marin, L., 1958, 
p. 183. (Puerto Rico, resistance mahogany 
wood (Swietenia mahogani) to Crypto- 
termes brevis.) 

Asenjo, C. F., et al., 1958, pp. 185-195. 
Puerto Rico, resistance mahogany wood 

(Swietenia mahogani) to Cryptotermes 
brevis.) 

BAVENDAMM, W., 1955, i7 Schmidt, H. (Ed.), 
1955b, pp. 245-306. (Natural resistance 

of woods to termites, alphabetical and 
systematic—by family lists woods of 
world.) 

Gay, F. J., and Weruerty, A. H., 1958a, 
pp. 1-13. (Australia, hardboards of Ju- 
niperus stock.) 

GésswaLp, K., 1956, pp. 65-70. (Europe, Calo- 
termes flavicollis, laboratory testing re- 
sistant woods.) 

Harris, W. V., 1956b, pp. 1-13. (Field tests 
for resistance.) 

1958, pp. 161-166. (East Africa, Crypto- 
termes spp., resistant woods.) 

Herrs, A., 1956, pp. 2-5. (Reticulitermes lu- 
cifugus test on Larix wood.) 

Jacozson, M., 1958, pp. 1-299. (Extractives 
render wood resistant.) 

Jenxins, C. F. H., 1959, pp. 117-123. (Western 
Australia, jarrah (Eucalyptus marginata), 
native pine (Callitris spp.), jam (Acacia 
acuminata.) 

Martinez, J. B., 1957, pp. 1-15. (Canary 
Islands, Cryptotermes brevis, resistant 
woods.) 

RupMan, P., and Da Costa, E. W. B., 1958, 
pp. 1-8. (Australia, Canberra, resistance 
to decay, role toxic extractives silver top 
ash, Eucalyptus sieberiana.) 

RupMav, P., Da Costa, E. W. B., Gay, F. J., 
and Wetuerty, A. H., 1958, pp. 721-722. 
(Australia, tectoquinone not solely re- 
sponsible for durability in teak—Tectona 
grandis.) 

SANDERMANN, W., and Dietricus, H. H., 1957, 
pp. 281-297. (Research on termite re- 
sistant woods, Germany.) 

Scumupt, H., 1960, pp. 59-63. (Germany, test 
of sawdust of different woods.) 

ScHuLtzE-DeEwiITZz, G., 1958, pp. 248-251. (Ger- - 
many, natural resistance of endemic hard- 
woods to European termites.) 

Wo corr, G. N., 1957, pp. 259-311. (Puerto 
Rico, Cryptotermes brevis, natural resist- 
ance woods.) 

1958, pp. 417-421. (Puerto Rico, extractives 
from Osage orange, substance 1, and 
tetrahydroosajin greater value; pinosylvin 
(Scots pine), taxifolin (Douglas fir), 
Venezuelan and Trinidad Ryania speciosa 
wood toxic, chlorophorin from African 
iroko preservatives.) 
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REVIEWS 

ANONYMOUS, 1959¢, p. 22. (U.S., California, 
review of Prevention and Control of the 
Western Subterranean Termite. Ebeling 
and Pence, Univ. California Agric. Ex- 
per. Stat., Extens. Serv. Circ., 469, 1958. 
Construction, design, soil poisoning, 
treated lumber.) 

19591, p. 20. (Review of Advances in Pest 
Control Research. R. L. Metcalf, 1957- 
1958, Pest Control, vol. 27, No. 9, p. 20. 
Sept.) 

19591, pp. 19, 22, 24. (US., statistics on 
wood preservation, 15% decline in 1958 
from 1957. Tanalith gained 1%, Osmo- 
salts 20%.) 

Roonwat, M. L., 1956a, pp. 454-455. (South 
Africa, review of Dwellers in Darkness, 
Skaife, 1955, London.) 

Rozen, H. J., 1958, p. 127. (U.S., review of 
Protection against Decay and Termites in 
Residential Construction, 1956. Building 
Research and Advisory Board, Nat. Acad. 
Sci., Nat. Res. Counc., Rep. No. 448, 
May 10, 1956.) 

ScHEFER-IMMEL, V., 1960, p. 128. (Europe, 
review of Zur Laboratoriumprifing von 

Textilien auf Termitenfestigkeit mit 
Kalotermes flavicollis Fabr., Gdsswald 
and Kloft, 1959, Entomologica. Labora- 
tory tests termite-proofing textiles.) 

Snyper, T. E., 1957f, p. 294. (U-S., California, 
review of The Biology of Colony Forma- 
tion in Reticulitermes hesperus Banks, 
F. M. Weesner, 1956. Laboratory and 
field studies, factors that influence pro- 
duction and suppression soldiers, influ- 
ence of source of alates on types of 
variation in colonies.) 

1959b, p. 50. (U.S., comparison of FHA 
Minimum Property Standards, Anon., 
19581, with BRAB reports, Dillon 1956 
and 1958, on prevention attack by ter- 
mites and decay to residences.) 

aD iy (South 

Africa, review of Dwellers in Darkness, 
S. H. Skaife, 1955. Amaitermes atlanticus 
15% CO, in nest; food rotten cellulose; 
12 workers first year; population 40,000 
in nest 1 ft. high; caste origin due to 
extrinsic causes; laboratory cultures 
maintained.) 

SECRETIONS 

Hrpy, I., and Novak, V. J. A., in press. 
(Czechoslovakia, contribution to the 
question of the nonspecificity of the 
exohormones.) 

Jucct, C., 1956, pp. 283-284. (Italy, endocrinal 
gland has a secretion important in differ- 
entiation of castes.) 

Kartson, P., and BuTENHAND, A., 1959, pp. 
49-51. (Pheromones (ectohormones) of 
termites, refers to Grassi and Sandias, 
Grassé, et al., Light and Liischer, sub- 
stance produced by reproductives used to 
influence colony members.) 

Lamsinet, F., 1959, pp. 163-177. (France, 
Calotermes flavicollis, mandibular gland 
consists of 2 types secretory cells, large 
and small, latter degenerate after molt- 
ing; gland at its maximum among func- 
tional reproductives.) 

Liscuer, M., 1959, pp. 55-56. (“Pheromones,” 
ectohormone secretion acts through 

mouth, active substances of functional 
reproductives inhibit production supple- 
mentary reproductives.) 

Luscuer, M., and Mutter, B., 1960, p. 503. 
(Kalotermes and Zootermopis, a trail- 
forming secretion.) 

Noirot, C., 1957, pp. 743-745. (France, Calo- 
termes flavicollis, neurosecretion and sexu- 
ality.) 

Vernon, H., 1957, pp. 25-30. (France, Calo- 
termes flavicollis, olfaction plays part in 
reciprocal attraction between different in- 
dividuals, nymphs very responsive to 
smell other nymphs, especially as number 
increases, neoteinics most sensitive to 
smell other nymphs, no sex difference, 
soldiers least sensitive.) 

1960, pp. 2931-2932. (France, Calotermes 
flavicollis, perception of odors.) 

SENSE ORGANS 

Denis, C., 1958, pp. 171-188. (France, Calo- 
termes flavicollis, development neuro- 
sensorial organs on legs, after each molt 
number increases, regression number and 
size sensorial organs accompanies devel- 
opment pseudoergates.) 

1958a, pp. 240-247. (France, Calotermes 
flavicollis, cytology terminal nerves in 
course ontogeny.) 

1959, pp. 712-713. (Calotermes flavicollis, 
evolution peripheral sense cellules.) 
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Ricwarp, G., 1957, pp. 107-111. (France, 
Calotermes flavicollis, chordonotal organs 
on antennae.) 

VeRRON, H., 1957, pp. 25-30. (France, Calo- 
termes flavicollis, olfaction takes part in 
reciprocal attraction between different 
individuals in colony. Larvae very re- 
sponsive to smell and density of group- 
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ing; nymphs 7th instar exhibit higher 
level of response, especially to grouping 
of 15 to 20 individuals. Neoteinics give 
best response to smell of larvae, but not 
as good to differences of density. Soldiers 
are least sensitive, interest toward larvae 
but only for groups of 20 or more.) 

SHIELDS 

Anonymous, 1958f, p. 4. (U.S., Georgia, ter- 
mites circumvent even properly installed 
shields. H. C. Smith, Chief Architect 
FHA, Atlanta, estimates 90% Georgia’s 
shielded FHA homes 2% years and older 
now infested.) 

19581, pp. 113-118. (U.S., FHA recommen- 
dations. 

Ditton, R. M. (Ed.), 1956, pp. 1-60. (U.S., 
metal shields, design, material, installa- 
tion.) 

Harris, W. V., and Brown, E. S., 1958, 
pp. 737-750. (Solomon Islands.) 

Sapp, D. R., 1960, p. 68. (U.S., Gainesville, 
Fla., termite control operator eliminates 
FHA 5-year warranty by pretreating with 
soil poisons and installing cheap shields.) 

SOIL POISONS 

ANoNyMous, 1953t, p. 70. (Australia, Can- 
berra, creosote and 5% _ pentachloro- 
cate failed as soil poisons after 5 years’ 
test. 

1956d, pp. 1-78. (U.S., clinical memoranda 
on economic poisons. 

19571, pp. 30, 32, 34. (U.S., Nat. Pest Con- 
trol Assoc. now recognizes ethylene di- 
bromide as soil fumigant, gives use in- 
structions; warns against methyl bro- 
mide.) 

19570, pp. 19-20. (U.S., pest control opera- 
tors certification board for soil pretreat- 
ment.) 

1958, pp. 36, 49-50. (U.S., Texas, demon- 
stration of slabtreating.) 

1958b, p. 48. (U.S., Indiana, Purdue Univ. 
pretreatment tests include granules size 
of coarse sand, chlorinated hydrocarbons.) 

1958h, p. 66. (Australia, Canberra, against 
Nasutitermes exitiosus, 5% DDT failed 
after 7 years; against Coptotermes lacteus, 
5% pentachlorophenol and 5% DDT 
failed after 6 years.) 

1958i, pp. 1-7. (U.S., Forest Service recom- 
mendations.) 

19581, pp. 112-118. (U.S., FHA recommen- 
dations. 

19580, p. 63. (Australia, Canberra, against 
Nasutitermes exitiosus as soil poisons lin- 
dane, chlordane, and tetrachlorobenzene 
have given complete protection for 3 
years; against Coptotermes lacteus, diel- 
drin and chlordane have given complete 
protection for 4 years, and aldrin and 

tetrachlorobenzene for 3 years. Similar 
tests against a termite complex in the 
Riverina, pentachlorophenol, sodium pen- 
tachlorophenate, chlordane and creosote 
have given complete protection for 5 
years. After 2 years weathering chlor- 
dane, lindane, aldrin and dieldrin used 
in surface treatments were still effective.) 

1959, pp. 17-19. (U.S., Forest Service rec- 
ommendations.) 

1959¢, p. 50. (U.S., “chlorohepton” soil 
poison said to combine chlordane with 
heptachlor.) 

1959g, p. 62. (U.S., California, termite con- 
trol operator “not responsible” for death 
customer following treatment chlordane, 
latter not registered as “ultra-hazard- 
ous.”) 

1959h, p. 58. (U.S., combination of aldrin 
and dieldrin to compete with Orkin’s 
combination of chlordane and heptachlor 
as soil poisons.) 

1959}, PP- 30, 32, 34. (U.S., Kentucky, Fort 
Campbell, 1958-1961, preconstruction ter- 
mite control specifications, cost estimates 
on inside and pad, stud, and outside soil 
pretreatments, monthly payments, con- 
sulting engineer coordinated work, 3 
operators, crew 8 to 10 laborers housed on 
job site. Soil poison 6.6% dieldrin water 
solution, 550 gal. applied each housing 
unit, pump 50 gal. per min. First appli- 
cation after footings poured, in trench 
12 in. wide, 8 in. deep, 1 gal. per 4 linear 
ft., % at bottom, % applied to backfill as 
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replaced, tamped with air compressor. 
Chemical applied around all pipes and 
ducts. All exposed soil or pad treated, 
1 gal. per ro sq. ft. Slab areas covered 
with gravel after treatment, then poly- 
ethylene vapor barrier, next steel rein- 
forcement, finally concrete poured. After 
houses constructed, soil adjacent to out- 
side foundation treated in 6-in.-wide, 12- 
in.-deep trench, 4 gal. to ro linear ft. No 
responsibility for retreats. Insurance, 
thorough preparation, and supervisor on 
job at all times essential.) 

1959s, p. 66. (Western Australia, soil treat- 
ment tests have been continued and all 
chemicals mentioned in 1958 report re- 
main effective.) 

1960b, pp. 23-25. (U.S., St. Louis, Mo., Getz 
exterminators pretreats house 80% full 
basement and 20% crawl space. 0.3% 
dieldrin solution in trench with rodding. 
2% gal. per 5 linear ft., backfill treated, 
surface soil sprayed 1 gal. per ro sq. ft. 
Debris removed.) 

1960c, p. 25. (U.S., in Memphis, Tenn., pre- 
treatment with soil poisons costs 40% of 
cost control in slab houses, 5% less than 
correction in crawl space houses; in Okla- 
homa City 25% less.) 

1960e, pp. 44, 58. (U.S., Oklahoma, 19 ter- 
miticides are approved as soil poisons in- 
cluding chemicals that have been elimi- 
nated by Federal agencies for ineffective- 
ness or other reasons.) 

1960h, pp. 54, 62, 64-65. (U.S., H. R. John- 
ston (Forest Service) warns to discon- 
tinue downward trend in reducing con- 
centrations of soil poisons for economic 
reasons. Many pest control operators feel 
Federal Housing Administration’s concen- 
trations for soil poisons are too low. In the 
Canal Zone, Panama, twice as much in- 
secticide required for same results as in 
Mississippi; high rainfall may have bear- 
ing. Ethylene dibromide an effective soil 
fumigant in California for 4 years; Bill 
Butz (Purdue) stated when a residual 
chlorinated hydrocarbon is used with a 
fumigant, the residual will not reach as 
far as the fumigant will to get the initial 
toxicity. Joe Kahn (Purdue) stated re- 
search shows that ethylene dibromide will 
not move through the soils of midwest- 
ern United States because of the texture 
and compactness of these soils.) 

BEESLEY, J., 1957, pp. 1-3, 3-4, 4-6. (Australia, 
Melbourne, treated soil barriers, sodium 
arsenite, chlordane, dieldrin, benzene 
hexachloride.) 
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Botten, W. B., Roserts, J. E., and Morrison, 
H. E., 1958, pp. 214-219. (U.S., Oregon, 
variation in toxic effect in soil led to dis- 
covery after 21 months nearly half aldrin 
lost, significant amount recovered as 
dieldrin.) 

Boswe tt, V. R., et al., 1955, pp. 1-59. (US., 
Washington, New Jersey, Illinois, and 
Georgia, investigations 1950-1953 on in- 
jury to plants by soil insecticides and re- 
siduals, varies with soil type.) 

Briscies, P. H., 1954, pp. 73-76. (U.S., Mis- 
sissippi, Forest Service tests. 

Butts, W. L., 1961, pp. 44-52. (U.S., termite 
resistance may crop up at any time.) 

Byrrty, T. C., 1960, pp. 1-4, in U.S. Dept. 
Agric., ARS, Publ. 20-9, 1960. (US., 
use heptachlor severely limited by fact 
that under some conditions resulted in 
small residues of its epoxides.) 

Coaton, W. H., 10958, pp. 1-112. (South 
Africa, Hodotermes mossambicus and 
Microhodotermes viator, sodium fluosili- 
cate grass bait less toxic to grazing ani- 
mals than sodium arsenite.) 

Contey, B. E., 1958, p. 18. (US., first aid 
for poisoning.) 

Dean, L. A., 1960, pp. 63-69, 72 U.S. Dept. 
Agric., ARS, Publ. 20-9, 1960. (US., 
persistence of organic substances in soil 
depends on physical, chemical, or biologi- 
cal processes.) 

Dmuon, R. M. (Ed.), 1956, pp. 1-60. (US., 
Forest Service tested and approved soil 
poisons, proprietary poisons, percentages, 
dosages for various types houses, where 
to apply.) 

EseLinc, W., and Pence, R. J., 1958, pp. 207- 
21x. (U.S., California, laboratory evalua- 
tion insecticide-treated soils against Re- 
ticulitermes hesperus.) 

Eno, C. F., 1958, pp. 348-351. (US., effect 
of insecticides in soil and germination 
and yield plants, especially chlorinated 
hydrocarbons.) 

FERRERO, F., 1959, Pp. 30-31. (France, Banyuls, 
Eastern Pyrenees, Calotermes flavicollis 
damages grapevines. Many have to be re- 

placed each year. DDT, HCH (BHC), 
heptachlor, and aldrin have been used 
but without success. Dieldrin used as a 
dust (20% of active material) or a sus- 
pension with 1.5 1. of dieldrin per roo 1. 
of water has given effective control when 

the soil was thoroughly treated especially 
around the roots and the dust or spray 
was applied under pressure. Wounds in 
the grapevine stock should be dusted. 
This method is a curative rather than pre- 
ventive method. Control of the adults be- 
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fore flight would prevent new colonies 
from forming. Sealing galleries would 
prevent flight and use of an attractant 
for the adults should furnish means for 
capturing the adults. These termites at- 
tack not only the woody grapevine stocks 
but also other woody plants.) 

Foster, A. C., et al., 1956, pp. 1-36. (US. 
rapid deterioration chlorinated hydrocar- 
bons in soil, at dosages used, residues will 
not accumulate in soil to the extent of 
impairing growth of plants.) 

Gannon, N., and Biccrr, J. H., 1958, pp. 1-2. 
(U.S., Illinois, conversion aldrin and hep- 
tachlor to their epoxides in soil. Aldrin 
converted to dieldrin more rapidly than 
heptachlor to heptachlorepoxide, hence 
toxicity due to dieldrin, heptachlor ex- 
ceeded quantity epoxide but latter more 
toxic, hence epoxidation advantageous in- 
creasing both toxicity and residual effect.) 

Guespig, B. B., 1959, p. 34. (U.S., Indiana, 
topical application and laboratory soil 
tests, former showed aldrin and dieldrin 
most toxic, then heptachlor and chlor- 
dane, higher dosage required for Reticu- 
litermes flavipes than for R. hageni; latter 
showed aldrin and heptachlor most toxic, 
then dieldrin and chlordane, no differ- 
ence between species termites.) 

Gunter, F. A., and Brinn, R. C., 1955, 
pp. 1-708. (Analysis of insecticides and 
acaricides.) 

Heat, R. E., 1957, pp. 73-76. (U.S., chemicals 
in termite control. 

1957a, pp. 118-120. 
built-in protection.) 

Hetrick, L. A., 1956, pp. 28-29. (US., Re- 
ticulitermes flavipes, organic insecticides, 
benzene hexachloride and chlordane de- 
creasing speed action.) 

1957, pp. 316-317. (Benzene hexachloride 
effective more than ro years in sandy soil, 
Reticulitermes flavipes.) 

19574, Pp. 343-348. (Evaluation new chemi- 
cals, Reticulitermes flavipes.) 

Inpra Ministry Foon anp Aeric., 1958, p. 748. 
(India, treating soil with chemicals.) 

Jounston, H. R., 1956, pp. 1-8. (U.S., Missis- 
sippi, and Canal Zone, Panama, tests soil 
poisons.) 

1958, pp. 9, 11-16. (Mississippi and Canal 
Zone, 10- to 13-year tests.) 

1958a, pp. 423-431. (Mississippi and Canal 
Zone, tests soil poisons (chlorinated hy- 
drocarbons most effective.) 

1959, Pp. 32. (Mississippi and Canal Zone, 
tests of soil poisons: aldrin 0.5%, 100% 

(U.S., chemicals in 
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effective after 9 years; BHC (benzene 
hexachloride) 0.8% gamma isomer, 80% 
after 10 years; chlordane 1%, 100% after 
10 years; DDT 5%, 90% after 11 vears; 
dieldrin 0.5%, 100% after 9 years. Hepta- 
chlor promising; duration increased by 
increased concentration.) 

1960, pp. 44-45. (U.S., Mississippi, volatili- 
zation, vaporization, evaporation, and 
temperature major factors in disappear- 
ance of termiticides from soil. Types soil 
important, 96% heptachlor applied to 
mucky soil remained, after 56 days only 

45% in sandy soil. Alternate wetting 
and drying causes chemical to disappear 
rapidly.) 

1960a, pp. 1-6. (Tests of soil poisons in 
Mississippi and the Canal Zone, Panama. 
Later data than 1956 report, chlorinated 
hydrocarbons most effective.) 

1961, pp. 40, 42. (U.S., Mississippi, break- 
down of chemicals in soil includes de- 
composition, alkalies decompose benzene 
hexachloride, iron DDT; volatilization 
is evaporation, is big factor instability. 
Chemicals with high vapor pressure 
evaporate more rapidly. Temperature 
and formulation affect volatilization, as 
do soil types, moisture, rate application, 
alkalinity or acidity of soil.) 

Jounston, H. R., and Osmun, J. V., 1960, 
pp. 62-63. (U.S., Forest Service and Pur- 
due Univ. tests show soil poisoning effec- 
tive, but narrow margin exists between 
protection and no protection, standards 
of formulation and dosages should not 
be lowered.) 

Katz, H., 1958, p. 49. (U.S., soil near old 
woody shrubs should have nearby soil 
treated with aqueous solution toxicant.) 

1958a, p. 6. (U.S., termites will not live in 
soil so alkaline that chlordane or dieldrin 
would break down, but might survive in 
soil alkaline enough to destroy DDT.) 

1961, pp. 40, 43. (U.S., paradichloroben- 
zene and naphthalene, old standbys, will 
suppress posttreatment swarmers, but not 
used for long-time control, based on 
A. E. Lund’s tests and commercial use.) 

1961a, pp. 9, 11-12, 64. (U.S., treatment of 
gravel fill material more important than 
treatment of soil, 1 gal. toxicant per 10 
sq. ft. Weight of toxicant/volume of soil 
more exact, degree wetness of soil will 
vary dosage.) 

Kucemacl, U., Morrison, H. E., Roserts, 
J. E., and Botten, W. B., 1958, pp. 193- 
204. (U.S., Oregon, aldrin, dieldrin, and 
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heptachlor gave good control of Scu#i- 
gerella immaculata in some field tests, not 
in others. Where not successful, rapid 
decline in soil of all three compounds.) 

LicuTENsTEIN, E. P., 1959, pp. 31-32. (US., 
factors affecting termite resistance: soil 
types; application rate; presence or lack of 
cultivation; soil temperature, soil mois- 
ture; soil microorganisms affect persist- 
ence of insecticide; persist longer: in 
soils high organic content, high applica- 
tion rate, noncultivated, low temperature, 
dry soil, sterilized soils.) 

19594, pp. 40, 42, 56. (U.S., factors affect- 
ing insecticide persistence in various soils: 
soil type, soil temperature, moisture, mi- 
croorganisms, chemical application rate, 
chemical conversion in soil.) 

LicHTENsTEIN, E. P., Beck, S. D., and Scuutz, 
K. R., 1956, p. 936. (U.S., colorimetric 
determination of lindane in soils and 
crops.) 

LICHTENSTEIN, E. P., De Pew, L. J., EsuBaucu, 
E. L., and StEEsmav, J. P., 1960, pp. 136- 
142. (Midwestern U.S., amount organic 
matter within a particular soil type and 
climatic conditions of area major factors 
affecting persistence of DDT, aldrin, and 
lindane in soils, DDT most persistent, 
lindane least, all disappeared most rapidly 
in Kansas experiment soils.) 

LIcHTENSTEIN, E. P., and Mepter, J. T., 1958, 
pp. 222-226. (U.S., Wisconsin, alfalfa 
treated with heptachlor and aldrin at 
rates % to % lb. per acre, 7 days after 
treatment both were recovered at rate of 
0.1 part per million by chemical analysis. 
2 weeks after treatment no heptachlor 
found, 3 weeks after treatment no aldrin 
found.) 

LicHTENSTEIN, E. P., and Potivxa, J. B., 1959, 
pp. 289-293. (U.S., top dressings (turf 
soils), 15% of applied chlordane recov- 
ered after 12 years by chemical analysis, 
12% by bioassay. 11 years after applica- 
tion, 41% BHC of applied dosage recov- 
ered by chemical analysis, 8% by bioassay. 
After 9 years no heptachlor recovered by 
analysis, but 4 to 5% by bioassay. Most 
aldrin had disappeared during 4 years, 
part converted to dieldrin to extent 8 to 
10% of applied dosage.) 

LicHTENSTEIN, E. P., and Scnutz, K. R., 1958, 
pp. 848-849. (U.S., colorimetric deter- 
mination of heptachlor in soils and 
crops.) 

1959, pp. 118-124. (U.S., lindane broke 
down, within 2 weeks, to nontoxic com- 
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pound, aldrin converted to dieldrin, more 
dieldrin formed in a sandy loam soil and 
in soils treated at lower concentrations 
and at higher temperatures.) 

1959a, pp. 124-131. (U.S., 3% years after 
treatment 1.43 times more DDT, 4.25 
times more aldrin, and 8.45 times more 
lindane were recovered from a muck soil 
than from Miami silt loam. Temperature 
important factor. No loss in frozen soil. 
Loss 16 to 27% at 6° C. of aldrin and 
heptachlor, only 2 to 14% persisted at 
46° C. after 56 days.) 

1960, pp. 192-197. (U.S., aldrin readily 
transformed into dieldrin in wet, non- 
autoclaved Carrington loam, less rapidly 
in muck soil; amounts aldrin and diel- 
drin recovered equal 16 months after 
treatment in field. In soils containing 
low number microorganisms (autoclaved 
loam, Plainfield sand), or in dry soils 
amount dieldrin found small. Heptachlor 
applied to Carrington loam persisted 
longer than aldrin, but amount of hepta- 
chlorepoxide formed smaller than that of 
dieldrin. Lindane most persistent in dry 
soil and least in wet, nonautoclaved soil.) 

Lunp, H. O., 1960, pp. 32, 44, 36. (US., 
Georgia, tests show termites will tunnel 
up through foundation voids. When 
treated with dieldrin, aldrin, and chlor- 
dane emulsions, tunnels were only built 
over 0.002% of chlordane after 7 weeks, 
over the lowest concentrations of aldrin 
or dieldrin or 0.02% chlordane after 9 
months.) 

Matina, M. A., Kearny, J. M., and Poren, 
Pes 1959, PP. 30-32. (US., determina- 
tion chlordane in air of habitations 
treated for insect control.) 

Martinez, J. B., 1958, pp. 1-20. (Spain, arse- 
nic and chlorinated hydrocarbons used as 
soil poisons.) 

Metcatr, R. L., 1955, pp. 1-402. (Organic 
insecticides.) 

Mertcatr, R. L. (Ed.), 1957, PP. 1-523. 
(Chemistry, uses, hazards in insect pest 
control, references, etc.) 

1958, pp. 1-426. (Application pesticides, 
isotope dilution for determination resi- 
dues, spread, insect resistance, etc.) 

Mitsum, J. N., 1950, pp. 425-428. (World, 
termites attacking mango controlled by 
20 lb. 5% chlordane dust per acre.) 

Netson, J. A., 1960, p. 5. (U.S., editorial, 
5-year guarantee for soil poisoning dis- 
criminatory, Io years experience proves it 
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effective, other approved methods not in- 
spected as to proper installation.) 

NewsaM, A., and Rao, B. S., 1957, p- 98. 
(Malaya, aldrin preferred, less costly, diel- 
drin superior, chlordane less persistent, 
attack on rubber trees by Coptotermes 
curvignathus.) 

1958, pp. 209-215. (Malaya, chlordane, al- 
drin, dieldrin effective, prevent reattack.) 

Osmun, J. V., 1956b, p. 29. (U.S., laboratory 
techniques for evaluation effect soil in- 
secticides on Reticulitermes flavipes.) 

1957, Pp. 9, 11-12, 16, 19, 48. (Better con- 
trol through research.) 

19574, Pp. 592-593. (Responses Reticult- 
termes flavipes to certain insecticides.) 

1958, pp. 23-24, 56. (Ethylene dibromide as 
fumigant in different types soil, factors 
affecting dispersion in soil, subslab.) 

Parcuer, J. V., and Means, R. E., 1959, 
pp. 29-30, 32. (U.S., characteristics of 
soils, cohesion, plasticity, strength, void 
ratio, loads on sand, clay, shrinking and 
swelling.) 

1959a, Pp. 57-58, 60. (U.S., chemical appli- 
cation, structural safeguards, penetration 
soils, soaking for coarse-grained soil, 
pressure injections for fine-grained soils, 
effect of building on water content of 
clay and dry soils.) 

1959b, pp. 50, 52, 54. (U.S., texture reveals 
permeability, cohesionless soils—sand, 
gravel, silt; cohesive—clay, latter low per- 
meability. Moisture content, macroscopic 
structure.) 

Powe tt, J. M., JR., 19590, pp. 20, 22, 24. (US., 

National Assoc. Homebuilders state 5-year 

warranty required for soil poisoning by 

FHA unreasonable since not required for 

other 4 methods termite control, builder 

responsible. FHA requires guarantee be- 

cause work cannot be checked. Guaran- 

tee should be removed or pretreatment 
dropped.) 

1960, pp. 32, 42, 44. (U.S., Baton Rouge, 
La., southern builder believes home 

owner should have responsibility, recom- 
mends pipes for later retreatment.) 

Ruopve Isranp Dept. Acric. AND CONSERVA- 

TIon, Div. ENtoMoLocy AND PrantT In- 
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DUSTRY, 1958, pp. 1-4, (U.S., Rhode Island, 
soil poisoning against subterranean ter- 
mites.) 

Sapp, D. R., 1960, p. 68. (U.S., Gainesville, 
Fla., termite control operator eliminates 
5-year warranty for soil poisoning by pre- 
treating and also installs cheap shields to 
satisfy FHA; 90% buildings pretreated 
around Gainesville.) 

SHEeparD, H. H., 1958, pp. 1-355. (Effect 
chemicals on physiology insects, technique 
for tests, screening, etc.) 

Sueparp;, H, Hi: (Ed!),:1960,. “pp:)) 258, 
(Methods of testing soil insecticides, 
chap. 6, W. E. Fleming.) 

SmitH, M. W., et al., 1956, pp. 34, 36, 38, 42. 
(U.S., what effect soil texture has on 
penetration and retention chemicals.) 

1957, pp. 36, 38, 40. (U.S., new approaches 
to “sub” treatment of slab houses.) 

Spirz, W. J., 1958, pp. 38, 40, 43, 51. (US., 
Texas, complete coverage by drilling un- 
der slab from side, chlordane emulsion.) 

U.S. Dept. Acric., ARS, 1960, pp. 1-221. 
(U.S., nature and fate of chemicals ap- 
plied to soils, plants, and animals.) 

Warp, J. C., 1958, pp. 14-16. (U.S., use pesti- 
cides with care.) 

WesTLakE, W. E., and San Antonio, J. P., 
1960, pp. 105-115, 72 U.S. Dept. Agric., 
ARS, Publ. 20-9, 1960. (U.S. degradation 
and products formed of chlorinated hy- 
drocarbons and organic phosphorus com- 
pounds. Persistence.) 

Younc, W. R., and Rawtiins, W. A., 1958, 
pp. 11-18. (U.S., New York, relative per- 
sistence heptachlor in 4 different soil 
types, Dunkirk sandy loam, silt loam, and 
silty clay loam and muck, not significant, 
rapid losses, especially in soil surfaces ex- 
posed to sun, less from emulsion than 
from wettable powder, will not accumu- 
late to dangerous levels in cultivated 
soils.) 

Zavon, M. R., 1958, pp. 9-12. (U.S., are com- 
parative toxicities meaningful—today’s 
pesticides?) 

ZIMMERN, A., 1957, PP. 32, 34, 36, 50. (US., 
soil penetration by chemicals.) 

SOUND 

Branprorp, H. F., 1881, p. 32. (Sound-produc- 
ing ants, Termitidae sound producing). 

Bristow, W. S., 1924, pp. 475-504. (Sound- 
producing Termitidae. 

1925, pp. 640-641. (Sound-producing Ter- 
mitidae. 

De Barsteux, P., 1938, pp. 79-302. (Blattoidea: 
Isoptera, p. 124, scoloparia on femora and 
tibiae termites from Congo, chordonotal 
organs register vibrations.) 

FoTHERINGHAM, J., 1881, p. 55. (Sound-pro- 

ducing Termitidae.) 
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Frincs, M., and Frincs, H., 1960, p. ror. 
Bibliography of sound-producing and 
sound-receiving termites.) 

Gres, G., 1859, pp. 121-130. (Sound produc- 
tion by Canadian insects.) 

GraveLy, F. H., 1915, pp. 483-539. (India, 
sound-producing termites.) 

SUPERORGANISM 

Liscuer, M., 1958c, pp. 48-65. (Colony as 
an organism.) 

TAXONOMY 

Aumap, M., 1955, pp. 25-27. (East Pakistan, 
Microtermes pakistanicus, n. sp., soldier.) 

1955a, pp. 202-264. (West Pakistan, Keys, 
Neotermes pishinensis, n. sp.; Microcero- 
termes baluchistanicus, n. s.p., M. sakesa- 
rensis, n. sp., M. longignathus, n. sp.; 
Eremotermes neoparadoxalis, n. sp., E. 
malki, n. sp.; Amitermes paradentatus; 
Angulitermes hussaini, n. sp.; etc.) 

1958, pp. 33-118. (Key to Indomalayan ter- 
mites, 176 of 394 species.) 

1958a, pp. 119-198. (Key to Indomalayan 
termites, 218 of 394 species.) 

Axumap, M., and Kuan, M. A., 1955, pp. 28-30. 
(Pakistan, i imago Kalotermes beesoni.) 

ANONYMONS, 1959, pp. 17-19. (Number spe- 
cies in world (2,100) and in Smithsonian 
collection (1,322).) 

BEcKER, G., 1955, pp. 393-404. (Italy, Sicily, 
Kalotermes flavicollis, fuscicollis, n. var.) 

Brab ey, J. C., 1946, pp. 111-126. (Classifica- 
tion termites.) 

Carasy, J. H., and Gay, F. J., 1956, p. 20. 
(Coptotermes raffrayi reduced to subspe- 
cies of acinaciformis.) 

Coaton, W. G. H., 1955, pp. 109-136. (Africa, 
Belgian Congo, Neotermes aburiensts, 
soldier, N. collarti, n. sp., N. leperson- 
eo n. sp.; Glyptotermes ueleensis, n. sp., 
etc. 

1958, pp. 1-112. (South Africa, synonymy 
Hodotermes mossambicus, Microhodo- 
termes viator.) 

Emerson, A. E., 1956a, pp. 98-101. (Africa, 
Katanga, Apicotermes rimulifex, n. sp.) 

1956b, pp. 1-31. (Africa, Apicotermes gur- 
gulifex, n. sp., A. holmgrent, n. sp., A. 
aburiensis transferred to Allognatho- 
termes.) 

1959, pp. 1-42. (Africa, new combinations, 
Firmitermes abyssinicus, ?F. tripolitanus; 

Hoplognathotermes subterraneus, ?H. 
submissus; Acutidentitermes osborni, n. 
sp., sold.; Duplidentitermes furcatidens, 
D. jurioni, n. sp., sold., D. latimentonis, 
n. sp., sold.; Heimitermes mooret, Ni. sp., 
sold.) 

1960, pp. 1-28. (Oriental, Malagasy and 
Australian regions, new genera related to 
Subulitermes. Oriental region: Leucopi- 
termes, N. gen., type species lJeucops 
Holmgren, Malacca, sold., work. Aciculi- 
termes, nN. gen., type species aciculatus 
Haviland, Sarawak, imago, sold., work. 
Ceylonitermellus, n. gen., type species 
hantanae Holmgren, Hantana, Ceylon, 
imago, sold., work. Ortensubulitermes, 
n. gen., type species zmanis Haviland, 
Malaya, sold., work.; O. inaniformis 
(Holmgren), n. comb. Malagasy region: 
Malagasitermes, n. gen., type species mil- 
loti Cachan, Madagascar, sold., work. 
Australian region: Occultitermes, n. gen., 
type species occultus Hill, N. Terr., Aus- 
tralia, imago, sold. Macrosubulitermes, 
n. gen., type species greavesi Hill, N. 
Queensland, Australia, imago, sold.; M. 
perlevis (Hill), new combination, Port 
Darwin, N. Terr., Australia, sold. Aus- 
tralitermes, n. gen., type species dilucidus 
Hill, Queensland, Australia, sold.) 

1960a, pp. 1-21. (Africa, Belgian Congo, 
new genera and species on Subulitermes 
branch Nasutitermitinae: Verrucosi- 
termes, n. gen., type species tuberosus, 
n. sp., Leopoldville, imago (king), sold. 
Afrosubulitermes, n. gen., type species 
congoensis, n. sp., Stanleyville, sold., 
work. Postsubulitermes, n. gen., type spe- 
cies parviconstrictus, n. sp., Yangambi, 
imago (queen), sold., work. Tarditermes, 
n. gen., type species contracolor, n. sp., 
said Putnam (on Epulu River), imago, 
sold 

1960b, pp. 1-49. (Africa, Belgian Congo, 6 
new genera of Termitinae: Nutiditermes, 
n. gen., type species berghei Keyberg, 
imago (king), sold., work., close to 
Lepidotermes. Mucrotermes, n. gen., type 
species osborni, n. sp., near Camp Put- 
nam, sold., work., close to Procubitermes. 
Furculitermes, n. gen., type species wint- 
fredae, n. sp.. Camp Putnam, imago 
(queen), sold., work., close to Euchilo. 
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termes; other species, F. hendrickxi, n. sp., 
Camp Putnam, sold.; F. brevilabius, 
Camp Putnam, imago (queen), sold.; F. 
cubitalis, n. sp., Stanleyville, sold., work.; 
F. soyeri, n. sp., Keyberg, sold., work.; 
F. parviceps, n. sp., Camp Putnam, sold., 
work.; F. longilabius, n. sp.. Camp Put- 
nam, sold., work; F. brevimalatus, n. sp., 
Stanleyville, sold., work. Pilotermes, n. 
gen., type species Jangi, n. sp., near Camp 
Putnam, imago, sold., work., close to 
Basidentitermes. Profastigitermes, n. gen., 
type species putnami, n. sp.. Camp Put- 
nam, sold. Forficulitermes, n. gen., type 
species planifrons, n. sp.. Sona Mpangu, 
sold., work., not close to Basidenti- 
termes.) 

Emerson, A. E., and Banks, F. A., 1957, 
pp. 1-17. (Revision Neotropical genus 
Armitermes, A. brevinasus, n. sp., A. lati- 
dens, n. sp., A. parvidens, n. sp., A. sny- 
deri, n. sp., A. spissus, n. sp., redescrip- 
tion A. silvestrii.) 

Esaxt, T., 1956, p. 87. (Hodotermopsis japo- 
nica imago. 

Gay, F. J., 1956, pp. 207-213. (Australia, 
Ahamitermes pumilus winged; Paracapri- 
termes hesperus, n. sp., queen and sold.; 
Termes iridipennis, winged and sold.) 

GrseLt, S. G., 1959, pp. 1-6. (U.S., some 
wood-boring insects mistaken for ter- 
mites.) 

Guiint, G. M., 1955, pp. 69-82. (Africa, 
Ethiopia, Sagan-Omo,  Bellicositermes 
jeanneli, goliath distinguishing charac- 
ters; Microtermes vadschaggae var. grassé1, 
n. n. for var. dubius Grassé preocc.; 
figured Termes (Cyclotermes) male- 
dictus, Trinervitermes eldirensis.) 

Grassé, P. P., and Norror, C., 1955a, pp. 345- 
388. (Africa, Allognathotermes i ivoriensts, 
n. sp.; Coxotermes, n. gen., C. bouko- 
koensis, n. sp.3 Heimitermes, n. gen., 
H. laticeps, n. sp.; Jugositermes tubercula- 
tus, queen.) 

Harris, W. V., 1956a, pp. 926-937. (Africa, 
French Cameroons, Microcerotermes 
progrediens alate female; Pericapritermes 
amplignathus, n. sp., sold.; Odonto- 
termes silvaticus, n. sp., sold.; etc.) 

19574, pp. 421-433. (Southwest Arabia, 
Amitermes stephensoni, n. sp., A. harleyi, 
n. sp., sold.; Eremotermes sabaeus, n. sp., 
sold.; Trinervitermes arabiae, n. sp., 
sold.1-2.) 

1957¢, pp. 20-32. (Malaya, list of species, 
Kalotermitidae, Rhinotermitidae, Termiti- 
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dae, field key to sold., heads and mandi- 
bles, figured for some.) 

1958a, pp. 59-60. (Solomon Islands, Schedo- 
rhinotermes browni n. sp., sold., Guadal- 
canal.) 

1958c, pp. 3-26. (Belgian Congo, Crene- 
termes fruitus, n. sp., winged, sold., 
Lusinga; Thoracotermes lusingensis, n. 
sp., winged, sold., Lusinga; Cubitermes 
muneris, winged, C. oblectatus, n. sp., 
winged, sold., Lusinga; Noditermes 
festivus, n. sp., winged, sold., Kenia; 
Microtermes upembae, n. sp., winged, 
Riv. Lupiala, 15 species listed.) 

1960, pp. 17-21. (East Africa, Odonto- 
termes montanus, n. sp., sold., Kenya; 
O. lacustris, n. sp., winged, sold., North- 
ern Rhodesia; O. flammifrons (Sjostedt), 
Northern Rhodesia, Nyasaland.) 

1960b, pp. 253-256. (Eremotermes nanus, 
n. sp., soldier, Sudan; Termes melindae, 
n. sp., soldier, British Honduras.) 

Harris, W. V., and Brown, E. S., 1958, pp. 
737-750. (Solomon Islands, 12 species 
listed, key to sold.) 

Hunt, R., 1958, p. 31. (U.S., how to distin- 
guish Embioptera from termites.) 

Karaman, Z., 1954, pp. 21-30. (Yugoslavia, 
Reticulitermes lucifugus and Calotermes 
flavicollis, key to separate.) 

Kuan, M. A., and Aumap, M., 1955, pp. 28- 
30. (Pakistan, Kalotermes  beesoni 
winged.) 

Krisuna, K., 1956, pp. 1-5. (Malaya, Copto- 
termes sepangensis, n. sp. sold. C. 
bentongensis, n. sp., sold.) 

Kusuwana, K. S., ro60a, pp. 54-65. (India, 
chaetotaxy of Odontotermes assmuthi, 
soldier.) 

Macuapo, A. vE.B., 1959, pp. 205-207. (Apico- 
termes, Africa, concept of ethological 
species.) 

Martuur, R. N., 1960, pp. 79-85. (South 
India, Glyptotermes nigrifrons, n. sp., 
sold., nymph.) 

Maruour, R. N., and Cuuorant, O. B., 1959, 
pp. 40-53. (India, revision Stylotermes, 
description S. fletcheri Holmgr. and 
Holmer. and S. bengalensis, n. sp., sold., 
work., Darjeeling, West Bengal.) 

Martuour, R. N., and Sen-Sara, P. K., 1958, 
pp. 233-241. (India, Anacanthotermes 
rugifrons, n. sp., sold. and work., key.) 

1958a, pp. 1-9. (India, imago Globitermes 
audax, Microcerotermes burmanicus, 
Odontotermes parvidens.) 

1950a, pp. 66-78. (India, Emersonitermes 
thekadensis, n. gen., n. sp. sold., work., 
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South India: Thekaday (Travancore), 
close to Subulitermes; Trinervitermes 
nigrirostris, n. sp., winged, sold. (major, 
intermediate), Madras; Nasutitermes 
beckeri, n. sp. (Baini Prashad and P. K. 
Sen-Sarma) described elsewhere.) 

1960, pp. 79-85. (South India, Glypto- 
termes nigrifrons, n. sp. sold. and 
nymphs, Madras, type sold., Forest Re- 
search Inst., Dehra Dun.) 

1961, pp. 401-406. (Tinnevelly Distr., So. 
India, Angulitermes acutus, n. sp., sold. 
and workers.) 

Moszkowskl, L. I., 1955, pp. 15-41. (Mada- 
gascar, Cryptotermes kirbyi, n. sp.) 

Norot, C., 1955, pp. 139-150. (Angola, 
Macrotermes angolensis, n. sp., sold.-?; 
Basidentitermes trilobatus, n. sp., winged, 
sold.1-?; Pericapritermes machadoi, n. sp., 
sold.; Coarctotermes brunneus, n. sp. 
sold.) 

OBENBERGER, J., 1955, pp. 576-637. (Theories 
classification, systematic section Isoptera.) 

gees H., 1958, p. 225. (Family Termopsi- 
dae. 

Ruope Istanp Dept. Acric. AND CoNnsERVA- 
TION, Div. ENtoMoLocy AND Ptant IN- 
DUSTRY, 1955, pp. 1-4. (U.S., how to tell 
ants from termites.) 

Roonwat, M. L., and Bose, G., 1960, pp. 38- 
39. (India, Rajasthan, Psammotermes 
rajasthanicus, n. sp. sold. (holotype), 
work., first record of genus for India.) 

Roonwat, M. L., and Cunotant, O. B., 1959, 
PP. 325-326. (Southern India, new species 
Odontotermes, kulkarni, sold. and work., 
Bijapur; meturensis, sold., work., Metur 
Dam.) 

1959a, Pp. 1967-1968. (India, Anoplotermes, 
n. sp., first record in India, to be de 
scribed elsewhere.) 

1959b, pp. 57-68. (India, further descrip- 
tions of Odontotermes kulkarnii and O. 
meturensis.) 

1960a, p. 7or. (Assam, India, Anoplotermes 
shillongensis, n. sp.) 

1960b, pp. 143-144. (India, soldier caste 
found in Mysore in Speculitermes cyclops 
sinhalensis places genus in Amitermiti- 
nae.) 

Roonwat, M. L., and Krisia, K., 1955, pp. 
143-152. (Ceylon, Coptotermes gaurii.) 

Roonwat, M. L., and Saneat, S. K., 1960, pp. 
1-22, (India, near Dehra Dun, Odonto- 
termes obesus, variability in size of sol- 
dier mandibles.) 

Roonwat, M. L., and Sen-SarMa, P. K., 1956, 
pp. 1-38. (India and Burma, new species 
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and subspecies, Parrhinotermes khasii, 
Macrotermes serrulatus hopini, Hypo- 
termes  nongpriangi, Hospitalitermes 
blairi, and Parrhinotermes new for 
India.) 

1958, pp. 1-406. (India and Burma, Eremo- 
termes dehraduni, n. sp., and Indotermes 
maymensis, 0. sp., in new family Indo- 
termitidae.) 

Sanps, W. A., 1956, pp. 83-84. (Africa, Gold 
Coast, Mimeutermes edentatus, n. sp. 
sold.) 

1957, Pp- 13-24. (Soldier mandibles Nasuti- 
termitinae, specific difference in some 
genera, lend support to Ahmad’s phylo- 
genetic conclusions, with minor excep- 
tions.) 

1957a, pp. 1-28. 
Nasutitermitinae.) 

1959, Pp. 127-156. (Ethiopian Region, Ami- 
termes, 13 species, 3 new, keys, distribu- 
tion map, Amitermes acinacifer, n. sp., 
sold., Kenya; 4. importunus, n. sp., sold., 
Nyasaland; A. ¢truncatidens, n. sp., 
winged, sold., Tanganyika; description 
winged species known only from 
soldiers.) 

Snyper, T. E., 1955h, p. 30. (U.S., need funds 
for Isopterist, U.S. Nat. Mus.) 

19551, p. 300. (Bolivia, Anoplotermes brucei, 
Nn. sp., winged.) 

1956d, pp. 189-202. (Keys to termites West 
Indies, Bahamas, Bermuda.) 

19574, p. 352. (Panama, Neotermes setifer, 
N. sp., winged. 

1957d, pp. 81-82. (Bolivia, Rugitermes 
laticollis, n. sp., winged.) 

19572, Pp. 42, 44. (U.S. and Europe, death 
thinning out ranks world’s foremost 
isopterists. ) 

1958, Pp. 229-231. (Philippines, Glypto- 
termes franciae and magsaysayi, n. sp., 
sold. and winged and sold., keys to 
Philippine species.) 

1959C, pp. 313-321. (Venezuela, new spe- 
cies, Neotermes araguaensis, winged 
Anoplotermes franciscoi, winged, Veloci- 
termes bolivari, sold.-?, ?winged, keys 
to Venezuelan species.) 

Snyper, T. E., and Francia, F. C., 1961, in 
press. (Keys to Philippine termites.) 

Tuuricu, L., 1960, pp. 145-160. (Palearctic, 
comparative morphological studies of 
sold. of Reticulitermes from Europe and 
the Near East.) 

WE rpneR, H., 1955, pp. 63-68. (Anterior Asia, 
Microcerotermes gabrielis, n. sp., winged 
and sold.) 

(East Africa, revision 
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1955a, pp. 201-207. (Africa, Angola, Apico- 
termes machodoensis, n. sp.) 

1955b, pp. 247-254. (Types in Zool. Mus. 
Hamburg, 98 species listed.) 

1955e, 7 Schmidt, H. (Ed.), 1955b, pp. 5- 
81. (Systematic, keys to families, genera.) 

1956a, pp. 55-105. (Africa, Angola, Syna- 
canthotermes angolensis, n. sp., Odonto- 
termes (O.) chicapenensis, n. sp., Peri- 
capritermes minimus, n. sp., keys.) 

1958, pp. 4-16. (Iraq, keys to winged, sold.) 
1960a, pp. 43-70. (Afghanistan, Iran, Iraq 

distribution, descriptions and keys to 
winged and sold. of Anacanthotermes 
ahngerianus, baeckmannianus, macro- 
cephalus, murgabicus, septentrionalis, 
ubacht, vagans; Heterotermes indicola; 
Reticulitermes clypeatus, lucifugus; Amui- 
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termes vilis; Angulitermes dehraensis; 
Microcerotermes diversus, gabrielis.) 

WiLkINson, W., 1958, pp. 109-115. (West 
Africa, Kalotermes spinicollis, n. sp. 
imago, sold.. Nkpoku; K. exsertifrons, 
n. sp., imago, sold., Nkpoku.) 

1959, pp. 61-72. (East Africa, Kalotermes 
sylvaticus, n. sp., winged, sold., Uganda, 
Kenya; K. angulatus, n. sp., winged, 
sold., Tanganyika; Neotermes aridus, n. 
sp-, winged, sold., Kenya; Glyptotermes 
ignotus, n. sp., winged, sold., Uganda.) 

Witurams, R. M. C., 1956, p. 128. (East 
Africa, erratum Williams, 1954, Proc. Roy. 
Ent. Soc. London (B), vol. 23, pp. 215- 
227, figs. 2 and 5, pp. 218 and 225 trans- 
posed, fig. 2, Noditermes wasambaricus, 
fig. 5, Cubitermes umbratus.) 

TEMPERATURE 

Anonymous, 1958h, p. 66. (Australia, Can- 
berra, in hardwood forests presence 
large colony Coptotermes frenchi re- 
sults in increased temperature within 
infested tree, maximum increase occurs 
in “nursery” region.) 

1960x, pp. 41-42. (U.S., Wisconsin, evolu- 
tionary change, termites more frequent 
in northern U.S.; termites can become 
winter- or cold-hardy. In tests, termites 
collected in summer entered “cold stupor” 
at 38° F.; collected in late August and 
September, survived temperature near 38° 
for 2 months longer. Termites in soil 
in December in upper 6 in. soil, same 
depth as frost line.) 

Hurr, G. E., 1959, p. 61. (U.S., Indianapolis, 
Ind., subterranean termites in refrigerated 
display case, moisture in bottom due to 
leak.) 

Presson, P., 1959, pp. 77-79. (General, tem- 
perature habitats never fall below 15° C., 
go below ground to escape cold or heat, 
regulate temperature nests.) 

SxatrrE, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, temperature in 
mounds less than surrounding air.) 

1957, Pp. 373-390. (South Africa, Kalo- 
termes durbanensis, temperature exposure 
36° C. for 24 hr. not harmful but — 10° 
C. for 2 to 3 hr. harmful to protozoa.) 

TERMITOPHILES * 

Boyer, P., 1956, pp. 111-113. (Africa, Belli- 
cositermes natalensis, relation between 
intestinal flora and soil.) 

Briton, E. B., 1957, pp. 1-185. (Australian 
chafers, Scarabaeidae: Melolonthinae.) 

Diruzewe, R., 1930, pp. 569-571. (North 
Africa, Tyroglyphid Caloglyphus with 
Reticulitermes.) 

Fernanpo, W., 1957, pp. 81-84. (Ceylon, 
Sphecophila ravana, n. sp., cockroach in 
colony Coptotermes ceylonicus.) 

Hinpwoop, K. A., 1959, pp. 1-36. (Australia, 
birds in termite nests, 23 species king- 

fishers, 13 species parrots, 4 trogons, 2 
puffbirds, a jacamar, and a cotinga.) 

Kistner, D. H., 1958, pp. 1-198. (Africa, Bel- 
gian Congo, India, Staphylinidae, p. 84, 
Typhloponemya khandalae, n. sp., with 
Odontotermes (O.) obesus; p. 88, T. ter- 
mitophilus (Wasm.) with Cubitermes 
fungifaber, accidental, probably guest of 
ants Dorylus; p. 107, Odontoxenus but- 
teli (Wasm.) with Odontotermes (Hypo- 
termes) obscuriceps; p. 108, O. transfuga 
(Wasm.) with Odontotermes (O.) obe- 
sus; O. longesetosus (Cameron); O. 
proximus (Cameron); p. 110, O. brevi- 

* Fauna and flora of nests including symbiotic forms, as well as casual seekers of shelter; some may 
be predacous on the host termites, or parasites. 
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cornis (Cameron); O. termitophilus 
Wasm.) with Odontotermes (O.) obe- 
sus; p. 112, O. triarticulatus (Kemner) 
with Odontotermes (O.) javanicus; O. 
ceylonicus (Wasm.) with Odontotermes 
(O.) redemanni; p. 113, O. eutermitis 
(Wasm.) with Trinervitermes biformis; 
O. peradenyiae (Wasm.) with Odonto- 
termes (O.) redemanni; O. splendidus 
(Wasm.) with Odontotermes (Hypo- 
termes) obscuriceps. Odontoxenus more 
primitive than myrmecophile Dory- 
loxenus, not found with Odontotermes 
in Africa, transfer to Odontotermes after 
genus reached India during Miocene ex- 
tension of grasslands.) 

Leteup, N., 1955, pp. 374-375. (Africa, Bel- 
gian Congo, beetles and flies.) 

1960, pp. 197-206. (Africa, Belgian Congo, 
morphological classification insects found 
in nests.) 

REICHENSPERGER, A. vON, 1956, pp. 81-91. 
(Africa, Congo, new species Coprinae.) 

1957, Pp. 323-324. (Africa, a new species 
of Coprinae.) 

Satmon, J. T., 1941, p. 348. (Collembolan 
Sinella termitum, Australia, New Zea- 
land.) 

Scumirz, H., 1954, pp. 514-519. (Africa, Bel- 
gian Congo, Phoridae, Aenigmatistes and 
Termitostroma, n. gen.) 

1955, pp. 33-60. (Africa, Angola and SW. 
Africa, 6 new phorid termitophiles.) 
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1955a, pp. 229-239. (Africa, phorid, Thau- 
matoxena, N. sp. 

1955b, pp. 48-66. (Africa, Belgian Congo, 
Termitomyia, n. sp.) 

Servers, C. H., 1957, pp. 1-334. (Termitophi- 
lous Staphylinidae, world, host relation- 
ships, phylogeny, classification, maps dis- 
tribution.) 

1960, pp. 825-834. (New termitophilous 
Staphylinidae of zoogeographic signifi- 
cance, Madagascar Spirachthodes first 
Old-World genus with exudatory ab- 
dominal appendages shared only with 
neotropical Spirachtha.) 

SxatFe, S. H., 1955, pp. 1-134. (South Africa, 
Amitermes atlanticus, sarcophagid fly 
Termitometopia skaifet, n. gen., n. sp.; 
springtail Collembola Cyphoderus ar- 
cuatus; white mite Termitacarus cunet- 
formis, red mite Cosmoglyphus kramerit; 
green protea beetle cetonid Trichostetha 
fascicularis scavenger beneath mounds; 
solpugid; termites Microcerotermes mal- 
mesburyi, Termes winifredae live in 
outer parts mounds, former not true 
inquiline.) 

TorreaLsa, J. F., and Riccarpi, B., 1941, p. 
248. (Venezuela, Zaraza, Triatoma group 
not found in termite nests.) 

Womerstey, H., 1939, p. 174. (South Aus- 
tralia, Sinella termitum.) 

TOXICOLOGY 

ANONYMOUS, 1952, pp. 1-45. (U.S., fire and 
explosion hazards of thermal insecticidal 
fogging; experiences; safety precautions; 
flammability chemicals, toxicity, impede 
fire extinguishing.) 

1956d, pp. 1-78. (U.S., clinical memoranda 
on economic poisons, aldrin, allethrin, 
benzene hexachloride, chiordane, chloro- 
thion, DDT, demeton, dieldrin, diazinon, 
dilan, kerosene, parathion, sodium fluoro- 
acetate, toxaphene, warfarin, xylene; 
formulae, formulation, uses, routes of 
absorption, physiological action, danger- 
ous acute and chronic doses in man, 
signs and symptoms of poisoning in 
man, laboratory findings, pathology, dif- 
ferential diagnosis, treatment, reporting.) 

1959, p. 62. (U.S., California, termite con- 
trol operator “not responsible” for death 
customer following treatment chlordane, 
latter not registered as “ultrahazardous.”) 

19590r, pp. 1-21. (U.S., toxicity dieldrin to 
man. 

1960, pp. 9-11. (U.S., precautions in pesti- 
cide usage; 75% accidents occurred 
among children less than 10 years old, 
90% under 5. Less than 0.9 persons per 
hundred thousand population die due to 
pesticides. 65% of accidental adult deaths 
due to failure to read label. Protective 
clothing, creams, gloves, masks, respira- 
tors. Residues, allergies, 1 min. of pre- 
cautions may save life.) 

1960n, pp. 51, 54-56. (U.S., safety in ter- 
mite control.) 

1960s, p (U.S., Georgia, South Caro- 
lina, and Arkansas, homes commercially 
treated with 1% chlordane; samples air 
collected 2 weeks to 6 months after 
treatment, living portions homes treated 
for termites contained no chlordane.) 

BrrcHeM, H. A., 1955, pp. 36, 50. (USS., 
methyl bromide left in applicator near 
lethal dosage for 20 min. in auto, op- 
erator recovered.) 
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Contey, B. E., 1958, p. 18. (U.S., first aid 
for poisoning.) 

Du Bots, K. P., and Geruine, E. M. K., 1959, 
pp. 1-313. (U.S., textbook of toxicology.) 

Gaines, T. B., 1960, p. 88. (Compares toxi- 
cology /LDs values and symptomatol- 
ogy/ of 42 pesticides and 2 metabolites 
of DDT administered by single dose 
orally and dermally to Sherman strain 
adult rats. Includes chlorinated hydro- 
carbons, organic phosphates, and a group 
of miscellaneous pesticides.) 

Hayes, W. J., 1959, p. 891. (Reports on a 
survey of human illnesses during anti- 
malaria spray program in Kenya, Tan- 
ganyika, Indonesia, India, and _ Iran. 
Based on this and pertinent literature 
concludes that hazard of dieldrin is pro- 
portional to degree of exposure as de- 
termined by concentration of spray, area 
of bare skin, duration of contact, and 
lack of personal hygiene.) 

1960, pp. 379-404. (Safety records newer 
compounds good because of careful label- 
ing in the United States. Safety should 
be improved in all countries. Investiga- 
tion required of those exposed to many 
times greater dosages than the general 
public.) 

Incte, L., 1956, pp. 1-11. (U.S., toxicity 
aldrin, chlordane, DDT, dieldrin, en- 
drin, heptachlor, lindane, methoxychlor, 
toxaphene: acute oral and dermal lethal 
dosages, tests on animals, case histories 
man.) 

Kerr, S. H., and Brocpen, J. E., 1960, p. 19. 
cos relative acute oral doses of para- 
thion and malathion compared with 
DDT. Acute dermal toxicity higher than 
oral—takes more to kill. Toxicity of 
most insecticides given in Florida Agric. 
Res. Inst. Exten. Ent. Mimeogr. No. 10, 
rev. Apr. 1, 1960.) 

Knipiine, E. F., 1960, pp. 28-36, in U.S. 
Dept. Argic, ARS, Publ. 20-9, 1960, 
pporsar: (US); soil insecticides for con- 
trol termites. Insecticides responsible for 
fewer accidental deaths than are many 
other household chemicals.) 

Lreuman, A. J., 1951, pp. 122-133. (Acute 
toxicity of 86 pesticides. Single dose oral 
toxicity to rats, with symptomatology.) 

1952, pp. 3-9. (Dermal toxicity of pesti- 
cides. Single 24-hr. exposures of rabbits 
to 39 pesticides, and multiple exposures 
of rabbits to 35 of these, with toxicity 
values and symptomatology.) 

Me tan, I., and Metian, E., 1956, pp. 1-150. 
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(Symptoms and antidotes for poisons— 
soil poisons, wood preservatives.) 

Metcatr, R. L. (Ed.), 1957, pp. 1-38. (Health 
hazards in use of pesticides; manufac- 
ture and distribution; user; medical con- 
trol, treatment; accidental poisoning; 
residues in food.) 

Nationa Acap. Sct.—NATIONAL Res. Counc., 
Div. Mepicat Sct., 1954, pp. 1-16. (Safe 
handling of pesticides employed in pub- 
lic health.) 

Nationa, Sarety Counc., 1960, in Safety 
Education, 1960, pp. 1-4. (Safe use of 
pesticides in home and garden.) 

NeEcHERBON, W. O., 1959, pp. 1-854. (A com- 
pendium of information including toxi- 
cological data for insecticides. Arranged 
alphabetically, mostly by chemical names, 
occasionally by trade names, each section 
includes a general statement; physical and 
chemical properties; toxicological data; 
pharmacology, pharmacodynamics, and 
physiology; symptoms; phytotoxicity; 
toxicity for insects; precautions.) 

Pesticip—Es REGULATION BrancH, U.S. Dept. 
Acric., 1960, pp. 1-5. (Pesticides can be 
used safely, read and heed the label, 
causes of accidents, precautions.) 

ScHooL Pusiic HeartH, Univ. MIcHIGAN, 
1954, pp. 1-50. (Industry and_ public 
health points of view of toxicology. Pest 
control operational hazards and precau- 
tionary measures, discussion hazards.) 

Sortman, T., 1957, p. 48. (Treatment of 
poisoning, pp. 172-181; insecticides and 
pesticides, specific chemicals; see index.) 

StizweLt, H., 1960, pp. 34-36, 76-78. (US, 
dangers to man in use of chlorinated 
hydrocarbons as insecticides on the farm; 
advocates congressional investigation.) 

U.S. Pustic Heatru Service, 1956, p. 78. 
(General summary of available toxico- 
logical data on pesticides, with symptom- 
atology and suggestions for treatment of 
poisoning.) 

1960, p. 31. (Entire U.S. Lists location, 
telephone number, and officer to be con- 
tacted at Poison Control Centers, facilities 
which provide to the medical profession 
on a 24-hr. daily basis information con- 
cerning the prevention and treatment of 
accidents involving ingestion of or con- 
tact with poisonous or potentially poison- 
ous substances. Treatment is available at 
most of the centers.) 

1961, pp. 1-38, idem, revised, April. 
Warp, J. C., 1958, pp. 14-16. (U.S., use pesti- 

cides with care. 



NO. 3 BIBLIOGRAPHY OF TERMITES 1955-60: SUBJECTS—SNYDER 53 

USES IN INDUSTRY, ARTS, AND RELIGION 

Treat, I., 1957, p. 40. (Africa, Abyssinia, 
Somali huts built of red-brown earth 
taken from termite mounds, ant-proof 
and hard as mortar.) 

WOOD PRESERVATION 

Attouarp, P., 1956, pp. 96-97. (France, pro- erties, use treated wood, homeowners 
tection wood against termites and decay 
by simple cheap methods.) 

ANONYMOUS, 1953t, p. 70. (Australia, Can- 
berra, low percent pentachlorophenol, 
0.75% dry weight of board, added to 
local hardboard resistant to termites.) 

1954d, pp. 68-69. (Australia, plywood made 
from karri (Eucalyptus diversicolor) ter- 
mite-proofed by dipping in sodium penta- 
borate or mixture zinc chloride and ar- 
senic pentoxide before bonding; aldrin 
superior to chlordane or dieldrin as pre- 
servative.) 

1956, pp. 1-4. (U.S., availability of pressure- 
treated lumber, list localities, pictorial 
sampling, list lumber companies.) 

1956a, pp. 1-22. (U.S., how to prevent de- 
cay and termite damage in houses.) 

1956b, pp. 1-24. (U.S., how to build homes 
that will outlive the mortgage.) 

1956i, p. 67. (Australia, Canberra, plastics 
resistant to termites, polystyrene, unsatu- 
rated polyesters, epoxylenes, and phenolic 
laminates, polyvinyl chloride and cellu- 
lose acetate become susceptible when 
plasticized.) 

1957g, pp. 1-26. (U.S., Mississippi State 
Highway Dept. southern yellow pine 
stakes, coal tar creosote 1934-1957, 100% 
perfect; pentachlorophenol 1938-1957, 
100% perfect; chemonite 100% perfect; 

crewood, 1933-1957, 90%, 1934-1957, 
100%; osmosar, 1935-1951, 0%. 

1957h, pp. 1-15. (U.S., Mississippi, State 
Highway Dept., southern yellow pine 
square posts, coal tar creosote 1931-1957, 
90% perfect; 1933-1953, 100%; 1938-1957, 
95%; 1939-1957, 100%; Douglas fir 
square posts, 1944-1957, coal tar creosote, 
100%. 

1958e, pp. 16-19. (U.S., 1957 industry pro- 
duction 6.5% increase over 1956, which 
was 4% over 1955; volume 274.5 million 
cu. ft., 95% treated products pressure 
treated, lumber and timber increased 2%, 
creosote used for 80% all material, penta- 
chlorophenol 13%.) 

1958f, p. 4. (U.S., Georgia, all large lumber 
users, responsible for maintenance prop- 

ignorant and not concerned until now.) 
1958h, p. 66. (Australia, Canberra, surface 

treatments with creosote, sodium arsenite, 
chlordane, dieldrin and_ pentachloro- 
phenol have given at least 2 years’ pro- 
tection against Nasutitermes exitiosus.) 

19581, pp. 113-119. (U.S., FHA minimum 
property standards, protection against ter- 
mites and decay, treated lumber alternate 
control method.) 

19560, p. 63. (Australia, as surface treat- 
ment pentachlorophenol effective for 3 
years against Nasutitermes exitiosus, other 
materials failed after 2 years.) 

1959}, Pp- 30, 32, 34. (U.S., Kentucky, Fort 
Campbell, pretreatment studs for outside 
walls, dipped up to 4 ft. high in 5% oil 
solution pentachlorophenol solution dyed 
red, rest of studs sprayed.) 

19590], pp. 19, 22, 24. (U.S., 15% decline in 
treated lumber products (41.7 million 
cu. ft.) from 1957; fire-retardant treat- 
ment showed a 13% increase from 7.8 
million bd. ft. to 8.9 million. Use liquid 
preservatives declined 41.5 million gal. 
or 18%, solid declined 5%. Straight creo- 
sote declined 14% (14 million gal.) ; creo- 
sote petroleum solutions declined 26%, 
creosote and coal tar declined 18%. Vol- 
ume creosote-pentachlorophenol solutions 
rose from 300,000 gal. in 1957 to 2.3 mil- 
lion gal. in 1958. Use pentachlorophenol 
dcereased 3%; water-borne preservatives, 
except for Tanalith and Osmosalts, de- 
clined 1% for Celcure, 40% for Boliden 
salt. Tanalith gained 1%, Osmosalts 
20%. Creosote or solutions were used 
for 76% of all material treated, penta- 
chlorophenol for 16%, all other preserva- 
tives for 8%. 95% material pressure 
treated. Lumber and timbers treated de- 
clined 7%. Creosote and creosote solu- 
tions used for 50% total. Volume treated 
with Tanalith increased 3%, with penta- 
chlorophenol increased less than 1%, with 
Osmosalts increased 48%. Treatment 
piles declined 10%, plywood increased 
55%, highway posts 9%. Fire-retardant 
treatments for lumber and plywood in- 
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cluded 1,019,963 lb. of Minalith; 705,042 
lb. Protexal and Pyresote; 232,062 Ib. 
chromated zinc chloride, 98,063 Ib. of 
other chemicals.) 

1959m, pp. 12-14, 16. (U.S., Jacksonville, 
Fla., building constructed of untreated 
lumber in 1954, inspected by VA badly 
damaged by decay. Hidden value of 
house built in 1956 of pressure-treated 
lumber. Cost allowed in mortgage loan 
and loan insurance, protected against both 
termites and decay, estimated in US. 
Dept. Agriculture’s Wood Handbook at 
500 million dollars per year.) 

19590, pp. 6-7. (U.S., Augusta, Ga., home 
damaged by termites, protection pressure- 
treated lumber.) 

1959p, pp. 1-24. (U.S., Jackson, Miss., State 
Highway Dept., open grain southern yel- 
low pine, coal tar creosote, 16 Ib. per cu. 
ft., 1934-1959, 100% perfect; pentachloro- 
phenol 5%, 10.72 lb. per cu. ft., 1938- 
1959, 100% perfect; chemonite 1938-1959, 
100% perfect.) 

1950q, pp. I-15. (U.S., Mississippi State 
Highway Dept., yellow pine square posts, 
coal tar creosote 1931-1959, 90% effective; 
1939-1957, 100% perfect—test closed; 
1938-1959, 95% perfect; 1938-1957, 100% 
perfect—test closed; Douglas fir round 
posts, coal tar creosote, 1944-1959, 100% 
perfect.) 

1959s, p. 66. (Western Australia, dip-dif- 
fusion treatments of Pinus radiata with 
sodium arsenite or fluoroborate-chro- 
mium-arsenic mixture protect against 
Coptotermes as best available pressure 
treatments. Chlordane or white arsenic 
added to glue line of karri plywood at 
all levels effective against termites. Plas- 
tic, gypsum plaster boards and insecticide 
treated hardboards with small additions 
of aldrin or dieldrin effective. Both 
dense and “no-fines” concrete termite- 
proofed by adding small amount dieldrin. 
Surface treatments with 5% pentachloro- 
phenol only effective wood preservative 
against Nasutitermes exitiosus after 3 
years. Tests of more than 30 types of 
plastic-covered, lead-sheathed, or bitimum- 
served cables have been under way against 
Mastotermes at Rollingstone, Queens- 
land.) 

1960a, pp. 14-17. (U.S., 3 types houses, base- 
ment, crawl-space, slab-on-ground, (1) 
limited protection: for basement houses, 
pressure preserved sills (cost $20 to $40 
more); for crawl-space houses, pressure 

preserved lumber in substructure (cost 
$120-$150 more); for slab-on-ground 
houses, pressure preserved sills, plates, 
sleepers, columns, studs, porch lumber. 
(2) full protection: pressure preserve all 
framing lumber, cost 2% total price. Sills 
must be preserved, condensation leads to 
decay, settling. Shields repudiated, be- 
come racket, no protection against decay. 
Soil poisoning only short-term protec- 
tion, will not prevent decay. Pressure- 
treated wood safest.) 

1960}, p. 4. (U.S., homes up to 45 years old 
prove pressure-treated lumber provides 
most efficient protection.) 

1960m, p. 4. (U.S., properly pressure-pre- 
served lumber most effective protection 
against decay and termites, low cost in- 
surance. For limited protection, cost $20 
to $40 for average-sized home in areas 
where termites and decay range from 
slight to moderate; where range from 
moderate to heavy (28 States and D.C.) 
$120-$150. For full protection necessary 
in 8 States, especially in Florida and Call- 
fornia, use pressure-treated lumber from 
sills to roof boards, cost 2 to 24% percent 
additional.) 

1960c,1 pp. 20, 24. (Hawaii, termites con- 
trolled by use pressure-treated wood and 
kiln drying, local plants, Wolman salts 
for lumber and plywood, pentachloro- 
phenol for millwork and trim, 80% wood 
treated Douglas fir, 10% Philippine ma- 
hogany.) 

Barnacte, J. E., 1959, pp. 1-3. (Australia, a 
a test against Mastotermes darwinien- 
S18. 

Becker, G., 1958, pp. 123-142. (Germany, 
organic solvents; preparations added to 
glues, especially Kaurit glue, successful 
in protecting against termites in Tropics.) 

Beur, E. H., 1960, pp. 9-10, 12, 14, 16, 19-20. 
(U.S., describes wood rots, how to treat, 
types of preservatives, penetration.) 

Brew, J. O., Jr., 1956, pp. 1-7. (U.S. com- 
parison wood preservatives in stake 
tests.) 

1957, pp. 1-48. (U.S., comparison wood 
preservatives in stake tests.) 

1958, pp. 1-8. (U.S., comparison wood 
preservatives in stake tests.) 

1959, pp. 1-8. (U.S., comparison wood pre- 
servatives in stake tests. Mississippi, Wis- 
consin, Louisiana, Florida, Canal Zone, 
Panama, superficial treatments by dipping 
and brushing with coal tar creosote and 
petroleum oils containing copper naph- 
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thenate, zinc naphthenate, phenyl mer- 
cury oleate have added a few months to 
4 years to the life of untreated stakes. 
Some water-borne preservatives have pro- 
vided less protection than standard pre- 
servative oils, when retentions have cor- 
responded to commercial usage, others 
compare favorably.) 

1960, pp. 1-8. (U.S., In Mississippi stakes 
impregnated with 0.2 lb. fluor chrome 
arsenate phenol (Tanalith) per cu. ft. 
had an average life of 10 years; stakes 
pressure treated with the fire-retarding 
formulation containing ammonium phos- 
phate and ammonium sulfate lasted 2 to 
3 years; with these salts plus borax and 
boric acid stakes lasted 6 years; copper 
naphthenate is more effective than zinc 
naphthenate; stakes pressure treated with 
phenyl mercury oleate in naphtha have 
lasted 5 to g years. In Canal Zone, Panama, 
stakes pressure treated wtih chromated 
zinc arsenate (Boliden salt) 0.33 lb. per 
cu. ft. had an average life of 9 years, 
while those with 1.0 lb. had an average 
life of 15.3 years; stakes treated with 
0.6 lb. per cu. ft. of Tanalith had an 
average life of 14 years; 5% solution of 
pentachlorophenol in light fuel oil—5-10 
Ib. per cu. ft. have lasted 14 years; 8 to 16 
Ib. per cu. ft. of coal tar creosote have 
lasted over 13 years.) 

1961, pp. 1-8. (Mississippi, stakes pressure 
treated with ammonium phosphate and 
sulfate lasted on the average 2-3 years. 
With these salts plus borax and boric acid 
the life on an average was 4 years.) 

Buiew, J. O., Jr., and Jounsron, H. R., 1956, 
pp. 272-281. (International termite ex- 
posure test, 22d progress report.) 

1957, PP. 225-234. (International termite 
exposure test, 23d progress report.) 

BiEw, J. O., Jr., and Kurp, J. W., 1956, 
pp. 1-13. (U.S., Mississippi, comparison 
wood preservatives in post study.) 

1957, pp. 1-16. (U.S., Mississippi, compari- 
son wood preservatives in post study.) 

1958, pp. 1-14. (U.S., Mississippi, compari- 
son wood preservatives in post study.) 

1959, pp. 1-14. (U.S., Mississippi, compari- 
son wood preservatives in post study, un- 
treated southern yellow pine posts in- 
stalled from 1936-1938 had an average 
life of 3.3 years. Untreated longleaf pine 
posts installed in 1949 had an average life 
of 2.3 years, those treated with No. 2 fuel 
oil or Wyoming residual petroleum oil 
retention 5 to 7 lb. per cu. ft. have an 
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average life of 8 to g years. Of southern 
yellow pine posts, installed from 1936- 
1941, treated with borax-boric acid all 
failed after 20 years, average life 10.6 
years. Posts treated with the following 
preservatives have had failures totaling 
less than 10% and should last 33 years 
or longer on an average: water gas tar; 
50-50 solution of creosote—crankcase oil 
(latter may contain chlorinated naphtha- 
lenes which injure cattle on contact); 
tetrachlorophenol 4.8% in crankcase oil; 
pentachlorophenol 3% and 4.8% in 
crankcase oil; copper sulfate and sodium 
arsenate applied by double diffusion and 
zinc meta arsenite. Posts in test in 1936- 
1941 treated with other preservatives have 
an estimated average life of 13 to 32 
years.) 

1960, pp. 1-16. (U.S., Mississippi, posts 
treated with the following preservatives 
(installed from 1936-1941) have had fail- 
ures totaling 10% or less, should last 36 
years or longer on an average; water gas 
tar; 50-50 solution of creosote—crankcase 
oil; pentachlorophenol 3% and 4.8% in 
crankcase oil; copper sulfate and sodium 
arsenate applied by double diffusion and 
zinc meta arsenite. Posts treated with 
other preservatives have an estimated 
average life of 13 to 35 years.) 

1961, pp. 1-14. (U.S., Mississippi, experi- 
mental untreated southern yellow pine 
posts installed from 1936 to 1938 at the 
Harrison Experimental Forest, Saucier, 
Miss., had an average life of 3.3 years. 
Untreated longleaf pine posts installed 
in 1949 had an average life of 2.3 years, 
while those treated with a No. 2 fuel oil 
and with Wyoming residual petroleum 
oil have an estimated average life of 
5 and 8 years, respectively. Of southern 
yellow pine posts installed from 1936 to 
1941, those treated with borax-boric acid 
have all failed with an average life of 
10.6 years and those treated at the 
groundline and top with Osmoplastic 
have all failed after an average life of 
11.2 years. Posts treated with the follow- 
ing preservatives and installed from 1936 
to 1941 have had failures totaling 10 per- 
cent or less of the number installed and 
should last 38 years or longer on an aver- 
age. Pentachlorophenol, 3% and 4.8% 
in crankcase oil; copper sulfate and 
sodium arsenate applied by double diffu- 
sion; and zinc meta arsenite. Posts in 
tests in 1936 to 1941 treated with other 
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preservatives have an estimated average 
life of 8 to 37 years. 

Brown, G. E., and Atpen, H. M., 1960, 
pp. 434-438. (U.S., pentachlorophenol 
and sodium pentachlorophenate to pro- 
tect particle board.) 

Butman, R. A., 1959, p. 15. (Africa, protec- 
tion buildings by efficient wood preserva- 
tives for timber.) 

Carr, D. R., 1957, pp. 1-19. (New Zealand, 
decay and subterranean termites not as 
injurious as native drywood termite Ca/lo- 
termes brounii. Boric acid treatment satis- 
factory for weather boards but not for 
wood in contact with ground. Pressure 
treatments with coal tar creosote, 5% 
pentachlorophenol, zinc and copper naph- 
thenates or boric acid used in New Zea- 
land.) 

Cuapman, A. W., 1958, pp. 1-9. (U.S., Ferox 
process for insulation boards.) 

Crace, C. F., and Keck, C. B., 1960. (Hawaii, 
Coptotermes formosanus entered and 
damaged commercially pressure-treated 
lumber.) 

CLEMENTs, W. B., 1956, pp. 18-20, 31-34. 
(U.S., Florida, termite damage increasing 
due to scarcity virgin timber, turpentin- 
ing, poor construction, land clearing and 
slab construction. Treated lumber will 
protect.) 

Drtton, R. M. (Ed.), 1956, pp. 1-60. (US., 
protection against decay and termites in 
residential construction, Nat. Acad. Sci.— 
Nat. Res. Counc. for FHA.) 

1958, pp. 1-33. (Addendum A, all struc- 
tural lumber must be treated to give full 
protection against termites.) 

Esetine, W., and Pence, R. J., 1958a, pp. 1-16. 
(U.S., California, treating all rough lum- 
ber in house would add 3% to cost, or 
less expensive, treat all wood up to and 
Sain subfloor, cost Io cents per sq. 
t. 

Gay, F. J., Greaves, T., Hotpaway, F. G., 
and WertuHerty, A. H., 1955, pp. 1-60. 
(Australia, method maintaining labora- 
tory colonies Nasutitermes  exitiosus, 
Coptotermes lacteus, and C. acinaci- 
formis.) 

1957, pp. 1-31. (Australia, field testing 
techniques.) 

Gay, F. J., Harrow, K. M., and WeETHERLY, 
A. H., 1958, pp. 1-14. (Australia, anti- 
termite comparative studies in laboratory, 
value over 1.09%, boric acid, zinc chlo- 
ride, 1.8%, “Tanalith U,” 0.90%.) 
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Gay, F. J., and Wetuerry, A. H., 1958, 
pp. 1-14. (Australia, antitermite value 
some chlorinated naphthalenes and phe- 
nols, low percentages 1 to 2.16% did not 
give complete protection.) 

1958a, pp. 1-13. (Australia, hardboards 
with 0.75% by weight pentachlorophe- 
nol or 0.9% arsenious oxide resistant. 

Gésswatp, K., and Kiort, W., 1959, pp. 268- 
278. (Germany, termite proofing textiles, 
laboratory tests with Kalotermes flavi- 
collis.) 

1959a, pp. 257-278. (Idem.) 
GraF, J. E., 1956, pp. 16-17 (Canal Zone, 

Panama, Barro Colorado Island, wood- 
preservative tests.) 

Hatstep, C. T., 1958, pp. 116-117. (US. 
termite proofing plywood. 

Harris, W. V., and Brown, E. S., 1958, 
pp. 737-750. (Solomon Islands.) 

Hartman, C. F., 1960, pp. 1-7. (U.S., fire 
retardant lumber is an ancient building 
material, Greeks used vinegar in 4th cen- 
tury B.C.; ammonium sulfate and am- 
monium phosphate combination patented 
in 1893 by Max Bachert in New York 
City. Combination chromated zinc chlo- 
ride with fire retardant salts patented in 
1935 by Protexol Corp. Control by liber- 
ated water of crystallization, creation 
glazed surface, emission noncombustible 
smothering gas, creation clinkerlike char- 
coal, insulation against flame. Discussion 
various tests, such as tunnel, etc.) 

Harrietp, I., 1958, pp. 36, 38, 40, 42, 44, 
(U.S., most economical combined fungi- 
cide and wood insect control chemical 
—pentachlorophenol, “Woodtreat TC,” 
10% pentachlorophenol by weight oil in 
water emulsion, coating for wood, pene- 
tration equal to 20 brush coatings.) 

Hatriexp, I., and ALLEN, R. van, 1956, pp. 32, 
34, 78. (U.S., Woodtreat TC, containing 
pentachlorophenol.) 

Horxy, M. S., 1958, p. 15. (Africa, life of 
buildings prolonged by efficient wood 
preservation.) 

Hrpy, I., 1959, pp. 193-207. (Raising the 
resistance of wood-fiber boards by the 
use of pentachlorophenol, sodium penta- 
chlorophenate, trichlorobenzene, and lin- 
dane.) 

In press. (Czechoslovakia, methods of 
laboratory testing of the resistance of 
materials against termite attack.) 

Hunt, R. W., 1960, pp. 1211-1212. (US., 
Southern California, damage to buildings 
by Kalotermes minor surpassing that 



NO. 3 BIBLIOGRAPHY OF TERMITES 1955-60: SUBJECTS—SNYDER 57 

caused by either subterranean termites 
or decay. Use of even small amount 
wood preservatives worth while; copper 
component desirable.) 

IsHERWwoop, H. R., 1957, pp. 32-33. (US. 
pressure-treated wood in home mechani- 
cal termite control.) 

Jackson, W. F., 1957, pp. 49-50. (Malaya, 
termite resistance test on resin-bonded 
wood waste containing BHC.) 

Kiem, G. G., 1957, pp. 20A-21A. (U.S., new 
method for testing.) 

Lunp, A. E., 1957, pp. 363-367. (U.S., accel- 
erated study, wood preservatives reten- 
tions—water-borne—used to determine 
approximate threshold killing concentra- 
tions for subterranean termites.) 

1958, pp. 1-9. (US., relationship subter- 
ranean termite attack to varying reten- 
tions water-borne preservatives, from 
0.500 lb. per cu. ft. for copper—zinc com- 
pound to 0.031 Ib. per cu. ft. for copper- 
arsenic preservative.) 

1959, pp. 220-223. (U.S., Douglas fir ply- 
wood treated resistant.) 

Lunn, H. O., 1959, pp. 533-534. (US., 
Georgia, laboratory tests prove Reticuli- 
termes flavipes can build tubes over wood 
treated by pressure or soaking with creo- 
sote, osmose salts, Wolman salts, and 
copper naphthenate.) 

1960, pp. 32, 34, 36. (U.S., Georgia, tests 
show termites can tunnel over wood 
freshly treated with creosote, copper naph- 
thenate, Wolman salts, osmose salts 
within a month; or over wood treated 
24 months with pentachlorophenol; 16 
months with copperized chromated zinc 
chloride.) 

1961, pp. 63-64. (U.S., termites built tun- 
nels to top of wood treated with Osmose 
in 9 days; over creosoted wood in 109 
days; wood protected with copper naph- 
thenate spanned in 27 days; with Wol- 
man salts 28 days; copperized chromated 
zinc chloride 16 months; with penta- 
chlorophenol 24 months.) 

Martinez, J. B., 1952, pp. 1-550. (Conserva- 
tion of wood, studies of oleaginous anti- 
septics.) 

Mettay, L., and MeEtran, E., 1956, pp. 1-150. 
(Dictionary of poisons, wood preserva- 
tives included.) 

Merrick, G. D., 1955, pp. 319-352. (U.S., 
quantity of wood treated and preserva- 
tives used in 1954, 250.7 million cu. ft., 
14% less than in 1953.) 

1956, pp. 289-320. (U.S., 3% more treated 
wood used in 1955 than in 1954.) 

1957, pp. 281-314. (U.S., industry produc- 
tion in 1956 4% over 1955.) 

1958, pp. 259-293. (U.S., 16.6 million cu. 
ft., or 6.5% more wood treated in 1957 
than in 1956, use creosote increased 4%, 
pentachlorophenol decreased 9%.) 

1959, Pp. 253-287. (U.S., in 1958 volume 
wood treated the smallest in many years, 
a decrease of 15% from 1957, only 232.8 
million cu. ft., a decrease of 41.7 million 
cu. ft. from 1957. Use of liquid preserva- 
tives declined 18%. Creosote decreased 
14%, creosote petroleum 26%, creosote 
coal tar 18%, creosote pentachlorophenol 
solutions increased to 2.3 million gal., 
pentachlorophenol decreased 3%. Water- 
borne preservatives decreased except 
Tanalith and Osmosalts, former increased 
1%, latter 2%. Creosote or creosote solu- 
tions used for 76% of all treated wood, 
pentachlorophenol 16%; others 8%. 95% 
treatments by pressure. Preservative- 
treated lumber and timber decreased 
7%.) 

1960, pp. 249-283. (U.S., the volume of 
wood products treated by the wood-pre- 
serving industry in 1959 was 214.5 million 
cu. ft., a decrease of 18.5 million cu. ft. 
or almost 8% from 1958, and to the low- 
est level since 1935. Changes from 1958 
are: poles +6%, crossties —29%, lum- 
ber and timbers +13%, fence posts 
+6%, piles —9%, switch ties —33%, 
cross arms +6%, miscellaneous +3%. 
The use of liquid preservatives de- 

creased 12 million gal. or 6%, while the 
use of solids increased 3.8 million ]b., or 
18% 
The use of creosote decreased 7%, creo- 

sote in pentachlorophenol-creosote solu- 
tions more than tripled; the use of penta- 
chlorophenol increased nearly 19%; the 
use of all water-borne preservatives except 
Minalith increased.) 

Meyer, F. J., and Spatpinc, D. H., 1958, 
pp. 1-10. (U.S., treatments for fiber- 
board, hardboard, particle board.) 

Moorg, R. F., 1958, pp. 6, 8. (U.S., New 
Orleans, La., $60,000 plantation home, 
southern yellow pine, umbrella roof, well 
above ground, wood pressure preserved 
with 8 Ib. pentachlorophenol per cu. ft., 
Ricciuti Associates.) 

Pace, R. H., 1958, pp. 7, 14. (U.S., Georgia, 
Georgia Forestry Commission and USS. 
Forest Service adopt recommendations 
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in “Wood preservation in home con- 
struction.”) 

Putnam, R. B., 1957, pp. 360-362. (US., 
how and what to specify in the preserva- 
tive treatment of wood for buildings.) 

Rew, L., 1955, pp. 1-2. (U.S., build in decay 
insurance, 10 tips to avoid decay.) 

Roserts, L., 1957, p. 496. (U.S., propolis— 
bee glue—vs. wood preservation for bee- 
hives.) 

SANDERMANN, W., 1955, 77 Schmidt, H. (Ed.), 
1955b, pp. 208-244. (Chemical basis wood 
protectants for use against termites and 
methods application.) 

Setzo, M. L., 1960, pp. 10-14. (U.S., lami- 
nated timbers properly glued with re- 
sorcinol or phenyl resorcinol adhesives 
and adequately treated with a suitable 
preservative effective; treating wood after 
glueing most practical, with certain spe- 
cies—preservatives feasible to glue al- 
ready treated lumber. Tanalith showed 
least interference with bonding.) 

SHeEparp, H. H. (Ed.), 1960, pp. 1-250. (U.S., 
testing resistance chemically-treated tex- 
tiles to insect damage, chap. 7, M. M. 
Walton and H. H. Shepard.) 
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Snyper, T. E., 1956b, p. 18. (Canal Zone, 
Panama, Barro Colorado Island, 30-year 
test proves treated wood building is ter- 
mite proof.) 

1956c, pp. 20, 22. (Summary results “In- 
ternational Termite Exposure Test.’”) 

Srottoy, I., 1958, pp. 1-6. (U.S., treatments, 
particle board, to increase resistance to 
fungi and termites.) 

Tams.yn, N., Da Costa, E. W. B., and Gay, 
F. J., 1959, pp. 1-8. (British Common- 
wealth, Australia, most effective momen- 
tary dipping process for plywood sodium 
pentaborate, zinc chloride—arsenic mix- 
ture.) 

Tu, T., 1957, pp. 13-18. (Formosa, blue 
camphor oil effective wood preservative.) 

Wakeman, C., 1959, p. 12. (U.S., Los An- 
geles, Calif., pressure-treated sills and 
structural framing (Douglas fir) protects 
house against termites and decay.) 

Wotcott, G. N., 1955a, pp. 115-149. (Puerto 
Rico, organic repellents tested against 
Cryptotermes brevis.) 

1956, pp. 85-86. (Puerto Rico, 1% penta- 
chlorophenol protects wood against dry- 
wood termite attack for more than 11 
years.) 

ZOOGEOGRAPHICAL REGIONS: AUSTRALIAN 

ANonyMous, 1953t, p. 70. (Australia.) 
1954d, pp. 68-69. (Australia.) 
19561, p. 67. (Australia.) 
1958h, p. 66. (Australia.) 
1958n, pp. 2-10. (Australia.) 
19580, p. 63. (Australia.) 
1959s, p. 66. (Australia.) 

Barnacte, J. E., 1959, pp. 1-3. (Australia.) 
BEESLEY, J., 1957, pp. 1-3, 4-6. (Australia, Mel- 

bourne. 
Briton, E. B., 1957, pp. 1-185. (Australia.) 
Carasy, J. H., 1956, pp. 89-92. (Western 

Australia.) 
1956a, pp. 93-96. (Western Australia.) 
1956b, pp. 111-124. (Western Australia.) 
1960, pp. 79-80. (Western Australia.) 
1960a, pp. 143-146. (SW. Australia.) 
1960b, pp. 183-207. (SW. Australia.) 

Carasy, J. H., and Gay, F. J., 1956, pp. 19-39. 
(Western Australia.) 

1959, pp. 211-223. (Australia.) 
Carr, D. R., 1957, pp. 1-19. (New Zealand.) 
Castmir, M., 1957, pp. 68-78. (Australia.) 
Emerson, A. E., 1960, pp. 1-28. (Australia.) 
Gay, F. J., 1955, pp. 58-59. 

1956, pp. 207-213. 

1957, pp. 86-91. 
1960, pp. 228-231. (Australia.) 

Gay, F. J., Greaves, T., Horpaway, F. G., 
and Weruerty, A. H., 1955, pp. 1-60. 
(Australia.) 

1957, pp. 1-31. (Australia.) 
Gay, F. J., Harrow, K. M., and WerTHERLy, 

A. H., 1958, pp. 1-14. (Australia.) 
Gay, F. J., and Wetuerry, A. H., 1958, 

pp. 1-14. (Australia.) 
1958a, pp. 1-13. (Australia.) 
1959, pp. 26-28. (Australia.) 

GREAVES, T., 1959, pp. 114-129. (Australia.) 
Harris, W. V., 1955a, pp. 12-13. (Australia.) 
Hinvwoon, K. A., 1959, pp. 1-36. (Australia.) 
Jenkins, C. F. H., 1960, pp. 117-123. (West- 

ern Australia.) 
McKeown, K. C., and Carasy, J. H., 1958, 

pp. 462-465. (Australia.) 
Marty, A. R., and Carasy, J. H., 1957, pp. 216- 

228. (NW. Australia.) 
Mmuezr, D., 1956, pp. 477-478. (New Zea- 

land. 
Morgan, F. D., 1959, pp. 155-195. (New Zea- 

land.) 
New SoutH Waters Depr. Acricutture, En- 

TOMOLOGICAL BraNncH, 1958, pp. I-19. 
(Australia, N. S. Wales.) 
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Riek, E. F., 1952, pp. 15-22. (Queensland.) 
Rupman, P., and Da Costa, E. W. B., 1958, 

pp. 1-8. (Australia.) 
Rupman, P., Da Costa, E. W. B., Gay, F. J., 

and Wetuerty, A. H., 1958, pp. 721-722. 
(Australia.) 

Satmon, J. T., 1941, p. 348. (Australia and 
New Zealand.) 

Tamstyn, N., Da Costa, E. W. B., and Gay, 
F. J., 1959, pp. 1-8. (Australia.) 
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Tracty, M. V., and Youart, G., 1958, pp. 
70-72. (Australia.) 

WarerHousE, D. F., Hackman, R. H., and 
McKe rar, J. W., 1961, pp. 96-112. (Aus- 
tralia.) 

Wuson, H. B., 1959, pp. 35, 37, 39) 41, 43, 
45, 47-49, 51, 53, 89-91, 93-95. (Australia.) 

Womersiey, H., 1939, p. 174. (South Aus- 
tralia.) 

Zonpac, R., 1959, pp. 15-17. (New Zealand.) 

ZOOGEOGRAPHICAL REGIONS: ETHIOPIAN 

AUBREVILLE, A., 1959, pp. 21-24. (Africa, 
Winneba and Ghana.) 

Barros-MacHapo, <A., 1957, 
(Africa.) 

Beter, M., 1930, pp. 47-48. (West Africa.) 
Boyer, P., 1956, pp. 95-103. (Tropical.) 

1956a, pp. 105-110. (Tropical.) 
1956b, pp. 111-113. (Tropical.) 
1956c, pp. 801-803. 

1958, pp. 479-482. 
1958a, pp. 488-490. 

Butman, R. A., 1959, p. 15. (Africa.) 
Coaton, W. G. H., 1955, pp. 109-136. (Bel- 

gian Congo.) 
1958, pp. 1-112. (South Africa.) 
1960, pp. 6-9. (South Africa.) 
1961, pp. 39-54. (Africa.) 

Curopontis, G., 1955, pp. 501-519. 
DesNeEux, J., 1956, pp. I-12. 

1956a, pp. 92-97. 
1956b, pp. 277-281. 
1958, pp. 281-285. 
1959, pp. 286-292. (Belgian Congo.) 

Emerson, A. E., 1956, pp. 248-258. 
1956a, pp. 98-101. (Katanga.) 
1956b, pp. I-31. 
1959, pp. 1-42. (Africa.) 
1960a, pp. 1-21. (Belgian Congo.) 
1960b, pp. 1-49. (Belgian Congo.) 

Ernst, E., 1960, pp. 203-206. (Africa.) 
Fonseca, J. P.-C. pa, 1959, pp. 701-704. 

(Portuguese Guinea.) 
1959a, pp. 705-719. (Portuguese Guinea.) 

Garpner, J. C. M., 1957, p. 46. (East Africa.) 
Guininr, G. M., 1955, pp. 69-82. (Ethiopia.) 
GrauaM, J. F., 1957, p. 64. (Kenya.) 
Grass£, P. P., 1956, zn Autori, 1956, pp. 561- 

575- j 
1959, pp. 41-83. (French Equatorial Africa.) 
1959a, pp. 385-389. 

Grassé, P. P., and Noiror, C., 1948, pp. 869- 
871. 

1955, Pp. 213-219. 
1955a, Pp. 345-388. 
1957, PD. 974-979. 

Africa. 

pp. 80-81. 

(French Equatorial 

1957a, pp. 1845-1850. 
1958a, pp. 1-28. 
1958b, pp. 113-128. 
1958c, pp. 515-520. 

GuNnTHER, J., 1953, pp. 291, 429, 680. (Africa, 
Bantu, Uganda, Congo.) 

Harris, W. V., 1954-1955, p- 35. (Angola.) 
1956, pp. 261-268. (Eastern Africa.) 
1956a, pp. 926-937. (French Cameroons.) 
1957, in Gardner, 1957, p. 46. (East Africa.) 
19578, Pp. 421-433. (SW. Arabia.) 
1958, pp. 161-166. (East Africa.) 
1958c, pp. 3-26. (Belgian Congo.) 
1960, pp. 17-21. (East Africa.) 
1960b, pp. 253-256. (Sudan.) 

Hartwic, E. K., 1955, pp. 361-366. (South 
Africa.) 

HEINZELIN, J. DE, 1955, pp. 1-37. (Belgian 
Congo.) 

Hepsurn, C. A., 1959, pp. 14-16. (South 
Africa.) 

Hesse, P. R., 1955, pp. 449-461. (East Africa.) 
1957, pp. 104-108. (East Africa.) 

Hicxin, N., 1957, p. 23. (East Africa.) 
Hopkin, M. S., 1958, p. 15. (Africa.) 
JonceNn, P., and OostEN, M. van, 1956, p. 247. 

(Ubangi, French Equatorial Africa.) 
Jotrranp, M., and Dertirieux, E., 1959, pp. 

111-129. (Belgian Congo, Elizabethville.) 
Kay, D., 1960, p. go. (Africa, Nigeria.) 
Kevan, D. K. McE., 1956, pp. 498-499. (Oga- 

den, SE. Ethiopia.) 
Leteup, N., 1955, pp. 374-375. (Belgian 

Congo.) 
1960, pp. 197-206. (Belgian Congo.) 

Le Pettey, R. H. (Compiler), 1959, pp. 62-66. 
(East Africa.) 

Liscuer, M., 1955a, pp. 289-307. (Ivory Coast, 
Uganda.) 

1956a, pp. 273-276. (Ivory Coast, Uganda.) 
1956c, pp. 28-316 to 29-317. (Ivory Coast.) 

Mac#apo, A. DE B., 1959, pp. 205-207. 

Matpacuz, M., 1959, pp. 343-359. (Belgian 
Congo.) 
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Nomor, C., 1955, pp. 139-150. (Angola.) 
195548, PP- 399-595- 
1956, pp. 145-158. 

Nomor, C., and Kovoor, J., 1958, pp. 439-471. 
(Africa.) 

Norort, C., and Nomot-Timotuée, C., 1959, 

PP- 775-777- 
Opu1amMso, T. R,, 

(Uganda.) 
Ossowsk1, L. L. J., and Wortmann, G. B., 

1958-1959, pp. 32-49. (South Africa.) 
Parry, M. S., 1949, pp. 287-292. (Africa, 

Tanganyika.) 
Pearson, E. O., and Maxwett-Dartine, R. C., 

1958, pp. 61-63. (Tropical Africa.) 
Pierre, F., 1958, p. 149. (Africa, NW. Sa- 

hara. 
Pocuon, J., Baryac, H. pe, and Rocuz, A., 

1958, Pp. 352-355. (Africa.) 
REICHENSPERGER, A., 1956, pp. 81-91. (Congo.) 

1957, PP. 323-324. 
Rosinson, J. B. D., 1958, pp. 58-65. (Kenya.) 
Roonwat, M. L., 1956a, pp. 454-455. (South 

Africa.) 
Satmonp, K. F., 1956, pp. 149-150. (Nyasa- 

land.) 
Sanps, W. A., 1956, pp. 83-84. (Gold Coast.) 
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ScumunT, R. S., 1955, pp. 344-356. 
1955a, pp. 157-181. 

1958, pp. 76-94. 

1958, pp. 167-175. 
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- Scumirz, G., 1956, pp. 1551-1556. (Belgian 
Congo.) 

1957, Pp. 133-136. (Belgian Congo.) 
Scumitz, H., 1954, pp. 514-519. (Belgian 

Congo. 
1955, pp. 33-60. (Angola and SW. Africa.) 
1955a, PP. 220-230. 
1955b, pp. 48-66. (Belgian Congo.) 

Surpman, R. F., 1958, pp. 23-24. (Rhodesia.) 
Sxairz, S. H., 1954, pp- 345-353. (South 

Africa.) 
1955, Pp. 1-134. (South Africa.) 
1957, Pp. 373-390. (South Africa.) 

Treat, I., 1957, p. 40. (Abyssinia.) 
ii-vili (South 

Africa.) 
Virtizrs, A., 1960, pp. 1446-1448. (Uganda.) 
Von Porat, C. O., 1894, p. 25. (Cameroon.) 
Werner, H., 1955a, pp. 201-207. (Angola.) 

1955b, pp. 247-254. (Angola.) 
1956a, pp. 55-106. (Angola.) 
1960, pp. 30-39. (East Africa.) 

WERNER, F., 1935, p- 470. 
Guinea.) 

Wirxinson, W., 1958, pp. 109-115. (West 
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1959, pp. 61-72. (East Africa.) 
Wittcocks, F. C., and Baucat, S., 1937, 

p. 217. (Egypt.) 
Wiis, R. M. C., 1956, p. 128. (East 

Africa.) 
1950, pp. 203-218. (East Uganda.) 
1959a, pp. 291-304. (Uganda.) 

Zusert, H. A., 1959, pp. 288-291. (Africa.) 
1959a, PP. 3341-3343. (French Equatorial 

Africa. 

(Portuguese 
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Acarwara, S. B. D,, 
(India.) 

Acarwa ta, S. B. D., and Haqug, M. W., 1955, 

PP- 345, 347, 348. (India.) 
Acarwata, S. B. D., and Sarma, C., 1954, 

pp. 78-79. (India.) 
Auman, M., 1955, pp. 25-27. (East Pakistan.) 

1955a, pp. 202-264. (East Pakistan.) 
1958, pp. 33-118. (Indo-malaya.) 
1958a, pp. 119-198. (Indo-malaya.) 

Auman, M., and Kuan, M. A., 1955, pp. 28-30. 
(Pakistan.) 

ANoNYMoUS, 1955a, pp. 63-67. (Malaya.) 
1960z, pp. 1-5. (Philippines.) 

Ansarl, M. A. R., 1955, p. 62. (Pakistan.) 
Arora, G. L., and Gmotra, S. K., 1959, 

pp. 247-255. (Pakistan, Panjab.) 
Banerjee, B., 1956, p. 742. (India.) 

1956a, pp. 203-204. (India.) 

1955, PP- 533-537: 1956b, pp. 204-206. (Calcutta.) 
1957, pp. 288-289. (India.) 
1958, pp. 56-57. (India.) 

Buasin, G. D., Roonwat, M. L., and Sincu, 
B., 1958, pp. 1-126. (India, and adjacent 
countries.) 

Capco, S. R., 1956, pp. 9, 17, 32, 44, 51, 535 
55, 56, 64, 66. (Philippines.) 

Capinpin, R. I., 1955, pp. 170-172. (Philip- 
pines. 

CryLon, Coconut REsEARcH INstT., 1958, pp. 
1-2. (Ceylon.) 

Cuaxravarty, M. M., and Banerjeg, A. K., 

1956, pp. 35-44. (India.) 
Cuatterji, S., Sarup, P., and Cxopra, S. C., 

1958, pp. 399-405. (India.) 
1960, p. 108. (India.) 

Cuaupnry, G. U., 1955, pp. 40-43. (Pakistan.) 
Cunotant, O. B., 1959, pp. 43-44. (India.) 
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Das, G. M., 1958, pp. 553-560. (NE. India.) 
1959, Pp. 493-498. (NE. India.) 

Emerson, A. E., 1960, pp. 1-28. 
Esaxt, T., 1956, pp. 86-88. (Formosa.) 
Eask1, T., Bryan, E. H., Jr., and GressiTT, 

J. L., 1955, pp. 1-68. (Micronesia.) 
Easx1, T., Hori, H., and Yasumatsu, K., 

1938, pp. 30-32. (Japan.) 
FERNANDO, W., 1957, pp. 81-84. (Ceylon.) 
Francia, F. C., 1957, pp. 27-30. (Philippines.) 

19574, pp. 15-17, 19. (Philippines.) 
Francia, F. C., and Vattno, A. J., 1960, pp. 

21-25, 31. (Philippines.) 
Garcia, M. L., 1958, pp. 25-27. (Philippines.) 
Gravecy, F. H., 1915, pp. 22-25. (India. 
Gupta, B. D., 1955, pp. 1-80. (India.) 
Gupta, S. D., in press. (India.) 
Harris, W. V., 1957c, pp. 20-32. (Malaya.) 

1958b, pp. 87-97. (Malaya.) 
Herrs, A., 1959, pp. 148-150. (India.) 
Ikewara, S., 1957, p. 87. (Ryukyu Islands.) 
Inp1a, Ministry Foop AND AGRICULTURE, Pp. 

448. (India.) 
Jackson, W. F., 1957, pp. 49-50. (Malaya.) 
Janyua, N. A., and Kuan, M. H., 1955, pp. 

69-70. (West Pakistan.) 
KatsHoven, L. G. E., 1955, pp. 313-321. 

(Java.) 
1956, pp. 269-272. (Java.) 
1956a, pp. 455-461. (Java.) 
1957, Pp. 7-12. (Java.) 
1958, pp. 9-30. (Java and Sumatra.) 
1959, Pp. 138-143. (Java.) 
19594, Pp. 231-242. (Java, Central.) 
1960, pp. 34-40. (Java, Sumatra.) 
1960a, pp. 263-272. (Indonesia.) 

KatyANARAMAN, V. M., NarayANAswAMy, 
P. S., and Davin, A. L., 1960, pp. 166-171. 
(India.) 

Kapvr, A. P., 1953, pp. 12-13. (India.) 
Kuan, M. A., and Auman, M., 1954, p. 140. 

(Pakistan.) 
1955, pp. 28-30. (Pakistan.) 

Krisuna, K., 1956, pp. 1-5. (Malaya.) 
Kusuwana, K. S., 1955, pp. 203-204. (India.) 

1959, pp. 298-299. (India.) 
1959a, Pp. 415-417. (India.) 
1960, pp. 39-40. (India.) 
1960a, pp. 54-65. (India.) 

Latir, A., and Jmant, S. G., 1957, pp. 11-12. 
(Pakistan.) 

Ler, P. G. M., 1959, pp. 34-35. (Malaya.) 
Manzanrzta, E. B., and Ynatvez, L. A., 1958, 

p. 36. (Philippines.) 
Martuur, R. N., 1960, pp. 79-85. (South 

India.) 
1960a, pp. 376-378. (India.) 
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Martuor, R. N., and Cuxorant, O. B., 1959, 
pp. 40-53. (India.) 

1960, pp. 623-624. 
Matuvr, R. N., and Sen-Samara, P. K., 1958, 

pp. 233-241. (India.) 
1958a, pp. 1-9. (India.) 
1959, pp. 3-9. (India, Dehra Dun.) 
1959a, pp. 66-78. (India) 
1960, pp. 79-85. (South India.) 
1960a, pp. 23-27. (India.) 
1961, pp. 401-406. (South India.) 

Matuur, R. N., and Sincu, B., 1959, pp. I- 
163. (India and adjacent countries.) 

1960, pp. 1-45. (India and adjacent coun- 
tries. 

1960a, pp. 1-91. (India and adjacent coun- 
tries.) 

Muxeryjl, D., and BanerJeE, B., 1955, pp. 289- 
290. (India.) 

NakajIMa, S., and Sumuzu, K., 1959, pp. 261- 
266. (Japan.) 

NewsaM, A., and Rao, B. S., 1957, p. 98. 
(Malaya.) 

1958, pp. 209-215. (Malaya.) 
Niruta, K. K., ANntTHony, J., and Menon, 

K. P. V., 1953, pp. 26-34. (India.) 
Niruta, K. K., and Menon, K. P. V., 1957, 

pp. 1-5. (India.) 
Nomor, C., 1959, pp. 179-184. (Vietnam.) 

1959a, pp. 259-269. (Vietnam.) 
PatHak, A. N., and Leurt, L. K., 1959, pp. 

87-90. (India.) 
Prerce, W. D., 1930, pp. 99-104. (Philippines, 

Negros.) 
PurusHoTHAM, A., SEBASTIAN, V. O., and 

Grover, P. N., 1959, pp. 15-19. (India.) 
Roonwat, M. L., 1955, pp. 103-104. (India.) 

1955a, Pp. 22, 23, 26, 30. (India.) 
1958, pp. 320-321. (India.) 
1958a, pp. 77-100. (India.) 
1959, pp. 511-523. (India and West Paki- 

stan.) 
1960, pp. 211-215. (India, Burma, Ceylon, 

Nepal, East and West Pakistan.) 
RoonwaL, M. L., and Buastn, G. D., 1954, 

pp. 5-93. (India and adjacent countries.) 
Roonwat, M. L., and Bose, G., 1960, pp. 

38-39. (India, Rajasthan.) 
RoonwAt, M. L., and Cunortant, O. B., 1959, 

Pp. 325-326. (Southern India.) 
1950a, pp. 1967-1968. (India.) 
1959b, pp. 57-68. (India.) 
1960a, p. 701. (Assam, India.) 
1960b, pp. 143-144. (India.) 

Roonwat, M. L., and Krisuwa, K., 1955, pp- 
143-152. (Ceylon.) 

Roonwat, M. L., and Sancat, S. K., 1960, 
pp. 1-22. (India, Dehra Dun.) 
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Roonwat, M. L., and Sen-SarMa, P. K., 1955, 
pp. 234-239. (India.) 

1956, pp. 1-38. (India and Burma.) 
1958, pp. 1-406. (India and Burma.) 

SALEEM, M., 1955, pp- 34-39. (Pakistan.) 
Sastry, K. S. S., 1956, pp. 77-83. (India.) 
Sécuy, E., 1935, p. 181. (China.) 
Senror-WuirtE, R., et al., 1940, pp. 188-1809, 

192-194, 198. (India.) 
Sen-Sarma, P. K., and Matuour, R. N., 1957, 

p. 399. (India.) 
Suara, D. K., 1959, pp. 18-19, 22. (India.) 
Sumizu, K., 1959, pp. 267-271. (Formosa.) 
S1ncu, S., and SHarma, P. L., 1957, pp. 91-95. 

(India.) 
Sincu, S. H., Sanpuu, J. S., and Arora, K. S., 

1958, PP. 331-332, 335-330. (India, Pun- 
jab. 

Sincu, S. S., 1957, pp. 19-20. (India.) 
Snyper, T. E., 1958, pp. 229-231. (Philip- 

pines.) 

VOL. 143 

Snyper, T. E., and Francia, F. C., 1961, 
in press. (Philippines.) 

Srivastava, J. C., 1957, p. 743. (India.) 
Tanec, C., and Li SHEN, 1959, pp. 477-482. 

(China, Hangchow.) 
Tuaxur, C., Prasap, A. R., and S1nou, R. P., 

1958, pp. 155-163. (India.) 
1961, pp. 127-131. (India, Pusa.) 

Tu, T., 1953, pp. 277-287. (Formosa.) 
1954, pp. 17-27. (Formosa.) 
1955, Pp. 30-39. (China.) 
1955a, pp. 80-87. (Formosa.) 
1956, pp. 12-18. (Formosa.) 
1956a, pp. 19-22. (Formosa.) 
1957, pp. 13-18. (Formosa.) 

Usman, S., and PuttarpraraH, M., 1955, pp. 
10-11. (India, Mysore State.) 

VayssizrE, P., 1957, pp. 473-480. (Malaya.) 
VisuNot, H. S., 1955, pp. 143-144. (India.) 

1955a, pp. 291. (India.) 
1956, pp. 1-18. (India.) 
1956a, pp. 45-46. (India.) 
1957, Pp. 792-793. (India, Delhi.) 

ZOOGEOGRAPHICAL REGIONS: MALAGASY 

Bucuut, H., 1960a, pp. 3365-3367. (Madagas- 
car. 

Emerson, A. E., 1960, pp. 1-28. (Madagascar.) 
Grece, R. E., 1958, pp. 111-121. (Madagas- 

car. 
Lerevre, F., 1956, pp. 47-50. (Mauritius.) 
Maer, J. R., 1955, pp. 46-47, 74, 79. (Mauri- 

tius. 

ZOOGEOGRAPHICAL 

Anonymous, 1949, (Mississippi and Louisi- 
ana 

1952, ‘PP. 1-13. | (U.S.) 
1955, Pp. 44, 46-48, 50. (U.S.) 
1956, pp. 1-4. (U.S 
1956a, pp. 1-22. (U.S. 
1956b, pp. 1-24. (U.S.) 
1956c, pp. 76-86. (U.S.) 
1956d, pp. 1-78. (U.S.) 
1956e, pp. 1-4. (U.S.) 
1956f, p. 186. (U.S.) 
1956g, pp. 18, 20, 22. (U.S.) 
1956h, pp. 1-3. (U.S.) 
1957, Pp- 24-25. (U.S.) 
19574, pp. 66, 68. (U.S.) 
1957b, p. 85. (U.S.) 
1957d, pp. 6-8, 23, 25. (U.S., Florida.) 
1957e, p. 20. (U.S., Washington, D.C.) 
1957f, pp. 39, 41. (U.S.) 
19572, pp. 1-26. (U.S., Jackson, Miss.) 
1957h, pp. 1-15. (U.S., Jackson, Miss.) 
19571, Pp. 30, 32, 34. (U.S.) 

Moszxowskt, L. I., 1955, pp. 15-41. (Mada- 
gascar.) 

Mout, L. A., 1955, pp. 48-51. (Mauritius.) 
Pautian, R., 1957, p. 29. (Madagascar, Ré- 

union Island. 
Sécuy, E., 1955, pp. 166-167. (Madagascar.) 

REGIONS: NEARCTIC 

1957j, p- 46. (U.S.) 
To57k, Pp. 1. ((ULS.) 
1957m, pp. 56, 58, 60, 62, 64, 66, 68. (U.S., 

California, Indiana, Ohio.) 
1957n, pp. 19-20. (U.S.) 
19570, p. 37. (U.S., Oklahoma.) 
1957p, pp. 16, 18, 20, 30. (U-S.) 
1958, pp. 36, 49, 50. (U.S., Texas.) 
1958a, pp. 8-10. (U.S., Illinois, Chicago.) 
1958b, p. 48. (U.S., Indiana.) 

1958c, pp. 34, 36, 38, 40. (U.S.) 
1958d, p. 48. (U.S., New Jersey.) 
1958e, pp. 16-19. (U.S.) 
1958f, p. 4. (U.S., Georgia.) 
1958g, pp. 8, 10. (U.S., California.) 
1958i, pp. 1-7. (U.S.) 
1958), p. 86. (U.S.) 
1958k, p. 22. (U.S., California.) 
19581, pp. 113-119. (U.S.) 
1958m, p. 42. (U.S., Trenton, N.J.) 
1959, pp. 17-19. (U.S.) 
1959a, p. 17. (U.S.) 
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1959b, pp. 19-20, 22-23 (U.S., Savannah, 
Ga. 

1959¢, p. 22. (U.S., California.) 
1950d, pp. 1-4. (U.S.) 
1959e, p. 50. (U.S.) 
1950f, p. 54. (U.S.) 
19592, p. 62. (U.S., California.) 
1959h, p. 58. (Southern U.S.) 
959i, p. 20. (U.S.) 
1959j, Pp. 30, 32, 34. (U.S., Kentucky, Fort 
Campbell. 

1959k, p. 34. (U.S., Texas, Houston.) 
19591, pp. 19, 22, 24. (U.S.) 
1959m, pp. 12-14, 16. (U.S., Florida, Jack- 

sonville. 
19590, pp. 6-7. (U.S., Georgia, Augusta.) 
1950p, pp. 1-24. (U.S., Mississippi, Jackson.) 
1959q, PP. I-15. (U.S., Mississippi, Jackson.) 
1950r, pp. 1-21. (U.S.) 
1960, pp. 9-11. (U.S.) 
1960a, pp. 14-17. (U.S.) 
1960b, pp. 23-25. (U.S., St. Louis, Mo.) 
1960c, p. 25. (U.S., California, Louisiana, 
Mississippi, Texas, Tennessee, Oklahoma.) 

1960e, pp. 44, 58. (U.S., Oklahoma.) 
1960f, p. 46. ( U.S., California.) 
1960g, p. 5. (U.S.) 
1960h, pp. 54, 62, 64-65. (U.S.) 
1960i, pp. 60, 62. (U.S., Houston, Tex.) 
1960j, p. 4. (US.) 
1960k, pp. 56, 58. (U.S.) 
1960l, p. 182. (U-S.) 
1960m, p. 4. (U.S.) 
1960n, pp. 28, 34; 36, 46, 48, 59, 51, 54-56. 

(U.S.) 
19600, pp. 62, 64-69. (U.S.) 
1960p, p. 70. (U.S.) 
196or, p. 1. (U.S., California.) 
1960s, p. 10. (U.S., Southern States.) 
196ot, p. 5. (U.S.) 
t960u, p. 46. (U.S.) 
1960v, pp. 56-57. (U.S.) 
196ow, pp. 28-30. (U.S.) 
1960x, pp. 41-42. (U.S., Wisconsin.) 

1960y, pp. 42-43. (U.S.) 
1960a1, pp. 34, 36. (U.S.) 
1960b1, pp. 1-15. (U.S.) 

Brat, J. A., 1958, pp. 20, 22. (US.) 
BrecueM, H. A., 1955, pp. 36, 50. (U.S.) 
Benr, E. H., 1960, pp. 9-10, 12, 14, 16, 19-20. 

(U.S.) 
Benver, A. H., 1959, p. 68. (U.S.) 
BreserporF, G. A., 1958, pp. 52-53. (US., 

Oklahoma.) 
Brew, J. O., Jr., 1956, pp. 1-7. (U.S.) 

1957, pp. 1-48. (U.S.) 
1958, pp. 1-8. (U.S.) 
1959, pp. 1-8. (U.S.) 
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Brew, J. O., Jr., and Kutrp, J. W., 1956, 

ppl 'r-23.. (WS:) 
1957, pp. 1-16. (U.S.) 
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Botien, W. B., Roserts, J. E., and Morrison, 
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Boswe tt, V. R., et al., 1955, pp. 1-59. (U.S., 
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gia. 

Bower, C. A., 1959, p. 15. (U.S., Oklahoma.) 
Bowser, C. A., 1955, pp. 9-10, 12. (U.S.) 
Bracksitt, H., 1955, pp. 260-261, 282. (U.S.) 
Breapy, J. K., 1960, pp. 43-44. (U.S.) 
BreuM, W. L., 1955, pp. 44, 46-48, 50. (U.S.) 
Brickey, P. M., 1957, pp. 33, 36. (U-S.) 
Briectes, P. H., 1954, pp. 73-76. (U.S., Mis- 

sissippi.) 
BrinkKMAN, G., 1956, pp. 199-202. 
Brock, P., 1960, p. 15. (Canada, Toronto.) 
Brown, G. E., and Atpen, H. M., 1960, pp. 
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Bruce, E. L. Co., 1961, pp. 1-8. (U.S.) 
Brurr, H. L., 1960, pp. 66, 68, 70-72. (US., 

Tennessee.) 
Buttock, T. H., 1947, pp. 483-484. 
Buswe tt, W. S., JR., 1955, p- 44. (U.S.) 
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(Isoptera, Termitidae). Biologia, vol. 1, 
No. 1, pp. 25-27, 1 fig., 1 table. Lahore, 
Pakistan. June. 

1955a. Termites of West Pakistan. Loc. cit., 
vol. 1, No. 2, pp. 202-264, 45 figs., 45 
tables. Lahore. Dec. 

1958. Key to Indomalayan termites. Loc. 
cit., vol. 4, No. 1, pp. 33-118. Lahore. 
June. 

1958a. Key to Indomalayan termites (con- 
cluded). Loc. cit., vol. 4, No. 2, pp. 
trg-198. Lahore. Dec. 

Auman, M., and Kuan, M. A. 
1955. The imago of Kalotermes beesont 

Gardner. (Isoptera, Kalotermitidae.) 
Biologia, vol. 1, No. 1, pp. 28-30, illustr. 
Lahore. June. 

ALIBERT, J. 
1959. Les échanges trophallactiques chez 

le termite 4 cou jaune (Calotermes 
flavicollis Fabr.) etude 4 aide du phos- 
phore radioactif. C. R. Acad. Sci., 
Paris, vol. 248, No. 7, pp. 1040-1042. 
Feb. 16. 

1960. Les échanges trophallactiques entre 
termites sexues et larves de jeunes fon- 
dations de colonies et de sociétes plus 
Agées (Calotermes [i.e., Kalotermes] 
flavicollis Fabr.). Loc. cit. vol. 250, 
No. 25, pp. 4205-4207. June 20. 
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ALLouarp, P. 
1956. (Protection of wood against termites 

and decay by simple and cheap meth- 
ods.) (In French.) Bois et Scieries, 
vol. 62, pp. 96-97, 165, 167-168, 
(Cont’d.) Jan. 19, Feb. 2. 

AtpuHonsg, E. S. 
1957. Language of the Guaymi. Journ. 

Washington Acad. Sci., vol. 47, No. 8, 
p. 280. 

ANONYMOUS. 
1949. Deep in Dixie. Termites debut. Dixie 

Roto Magazine, Times Picayune Publ. 
Co., New Orleans, La. 

1952. Fire and explosion hazards of thermal 
insecticidal fogging, pp. 1-45. Comm. 
Fire Prevention and Engineering Stand- 
ards Res. Div., Nat. Board Fire Under- 
writers, New York. 

1953t. 5th Ann. Rep. Commonwealth Sci. 
and Industr. Res. Org. Australia, 1953. 
Entomology (termites, p. 70). Can- 
berra. 

1954d. 6th Ann. Rep. Commonwealth Sci. 
and Industr. Res. Org. Australia, 1954. 
Entomology (termites, pp. 68-69). Can- 
berra. 

1955. Proper care and maintenance of ter- 
mite equipment pays off. Pest Control, 
vol. 23, No. 7, pp. 44, 46-48, 50. July. 
(U.S.) 

1955a. Termites. Planters’ Bull., Rubber 
Res. Inst. Malaya, n.s., No. 19, pp. 63- 
67, illustr. July. 

1956. The availability of pressure treated 
lumber. Amer. Wood Preservers Inst., 
pp. 1-4, 1 map, illustr., lists wood-pre- 
serving plants and retail lumber com- 
panies. Jan. 

1956a. How to prevent decay and termite 
damage in houses. Loc. cit., pp. 1-22, 
11 pls. Feb. 

1956b. How to build homes that will out- 
live the mortgage. Loc. cit., pp. 1-24, 
illustr. 

1956c. Dept. Army Techn. Man. TM 5-632. 
Insect and rodent control, pp. 42-56, 
figs. 47-56. Feb. 1. 

1956d. Clinical memoranda on economic 
poisons. Communicable Disease Center, 
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U.S. Dept. Health, Education, and Wel- 
fare, Public Health Serv., Atlanta, Ga., 
pp. 1-78. Apr. 1. 

1956e. National Better Business Bureau Rep. 
Dry-Cure Engineering Co., 74 Bayview 
Ave., Manhasset, N.Y., pp. 1-4. May 20. 

1956f. Here is the best termite advice you 
can get. Techn. Notes, House and 
Home, vol. 10, No. 3, p. 186, illustr. 
Sept. 

1956g. Research benefits outlined; BRAB 
report praised, criticised at NPCA con- 
vention termite sessions. Pest Control, 
vol. 24, No. 12, pp. 18, 20. 22. Dec. : 

1956h. Supplemental Rep. National Better 
Business Bureau Rep. Dry-Cure Engi- 
neering Co., 74 Bayview Ave., Man- 
hasset, N.Y., pp. 1-3. Dec. 20. 

19561. 8th Ann. Rep. Commonwealth Sci. 
and Industr. Res. Org. Australia, 1955- 
1956. Entomology (termites, p. 6) 
Canberra. 

1957- Entomologists give estimates, data on 
termite incidence and damage in their 
States in 1956. Pest Control, vol. 25, 
No. 2, pp. 24-25. Feb. 

1957a. Questions and answers: 1. Termite 
control. Loc. cit., vol. 25, No. 2, pp. 66, 
68. Feb. 

1957b. Cryptotermes, the drywood termite. 
Timber Technol. and Mach. Wood- 
work, Wood Preserv. and Seasoning, 
vol. 65, No. 2212, p. 85. Feb. 

1957c. Kill or cure treatment. Smithsonian 
Torch, Smithsonian Inst., No. 25, p. 5. 
Mar. 

1957d. Why Florida home owners need 
protection. Pt. 1. Wood Preserving 
News, vol. 35, No. 4, pp. 6-8, 23, 25, 
illustr. Apr. 

1957e. Anteater eradicates termites in zoo 
office. Loc. cit., vol. 35, No. 4, p. 20. 
Apr. 

1957f. NPCA taking stand on use of EDB 
and MB as termite soil fumigants. Pest 
Control, vol. 25, No. 6, pp. 39, 41. June. 

1957g. Twenty-second report of inspection 
of wood preservatives in the Mississippi 
State Highway Department’s test gar- 
den 8-9-57, sheets 1-26. Jackson, Miss. 
June. 

1957h. Mississippi State Highway Dept., 
Testing Div., service records on guard 
rail posts, pp. 1-15. Jackson, Miss. June. 

19571. NPCA now recognizes EDB as soil 
fumigant; warns against MB. Pest Con- 
trol, vol. 25, No. 8, pp. 30, 32, 34. Aug. 
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1957j. Notebook. “Unspoken” termite 
fraud. Loc. cit., vol. 25, No. 9, p. 46. 
Sept. 

1957k. "Tis termites. Nat. Roofer, Siding, 
and Insulation Contractor, 1 p. reprint, 
illustr. Sept. 

19571. Termites, dry rot eat away at seats 
of mighty. Wood Preserving News, 
vol. 35, No. 9, p. 22. Sept. 

1957m. “Black sheep” in termite control. 
Pest Control, vol. 25, No. 10, pp. 56, 
58, 60, 62, 64, 66, 68. Oct. 

1957n. PCO certification board for soil pre- 
treatment. Loc. cit., vol. 25, No. 11, 
pp. 19-20. Nov. 

19570. Oklahoma PCO association halts 
State’s first drywood termite infesta- 
tion gratis. Loc. cit., vol. 25, No. 11, 
p. 37, 1 fig. Nov. 

1957p. UCLA, Purdue termite research sug- 
gest new control methods possible, 
NPCA convention hears. Loc. cit., vol. 
25, No. 12, pp. 16, 18, 20, 30. Dec. 

1957q. Le termiti a Venezia. Prefetturia di 
Venezia, pp. 1-70, 55 figs., 2 tables, 
map. 

1958. Demonstration of slab-treating brings 
120 to Texas PCA convention. Pest 
Control, vol. 26, No. 1, pp. 36, 49-50. 
Jan. 

1958a. Termites infest Chicago homes. 
Wood Preserving News, vol. 36, No. 1, 
pp. 8-10, illustr. Jan. 

1958b. Purdue termite pretreatment tests 
include granular chemicals. Pest Con- 
trol, vol. 26, No. 2, p. 48. Feb. 

1958c. PCO equipment directory—termites. 
Loc. cit., vol. 26, No. 5, pp. 34, 36, 38, 
40. May. 

1958d. Termite damage in New Jersey. Loc. 
cit., vol. 26, No. 9, p. 48. Sept. 

1958e. Wood preservation statistics. Wood 
Preserving News, vol. 36, No. 9, pp. 
16-19, illustr. Sept. 

1958f. Editorial. Loc. cit., vol. 36, No. 9, 
p- 4. Sept. 

1958g. Excerpts from Structural Pest Con- 
trol Act of California. Branch 1. Fumi- 
gation. P.C.O. News, vol. 18, No. 9, 
pp. 8, 10. Los Angeles. Sept. 

1958h. 9th Ann. Rep. Commonwealth Sci. 
and Industr. Res. Org. Australia, 1956- 
1957. Entomology (termites, p. 66). 
Canberra. 

1958i. Soil treatment an aid in termite con- 
trol. U.S. Dept. Agric. Leaflet 324. Re- 
vised Sept. 1958, pp. 1-7, illustr.; re- 
vised Sept. 1959; Jan. 1960, pp. 1-8. 
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1958j. Infestation report. Termites. Florida 
Pest Control, vol. 26, No. 10, p. 86. Oct. 

1958k. Convention report. Pest Control, 
vol. 26, No. 11, p. 22. Nov. 

1958]. Minimum property standards for one 
and two living units. Federal Housing 
Administration, No. 300, Nov. 1, pp. 
1-315, 4 figs., 93 diagr., 11-9 tables. 
(Termite protection, sect. 815-1-3, pp. 
113-118, fig. 2; decay, sect. 815-4, p. 119, 
fig. 3.) General Revision No. 1, chaps. 
2-7, July 1959; No. 2, pp. 57-58, Jan. 
1960; No. 3, pp. 197-240, Dec. 1960.) 

1958m. Infestation report. Reticulitermes 
hageni Banks, swarming in a building 
at Trenton, N. J. Pest Control, vol. 26, 
ING 92:\'p. 42)" Dee. 

1958n. The termite problem. Rural Re- 
search in Counc. Sci. Industr. Res. 
Org., No. 26, pp. 2-10, illustr. Dec. 

19580. roth Ann. Rep. Commonwealth Sci. 
and Industr. Res. Org. Australia, 1957- 
1958. Entomology (termites, p. 63). 
Canberra. 

1959. Termites. Changing Times. The Kip- 
linger Magazine, Washington, D.C., 
Feb., pp. 17-19, illustr. 

1959a. How to sell soil pretreatment to 
builders. Pest Control, vol. 27, No. 2, 
p. 17. Feb: 

1959b. How Savannah termite operator 
Oliver pretreats 1,100-unit Navy proj- 
ect. Loc. cit., vol. 27, No. 2, pp. 19-20, 
22-23, illustr. Feb. 

1959c. Review. Prevention and control of 
the western subterranean termite. W. 
Ebeling and R. J. Pence. California 
Agric. and Exper. Stat., Extension Serv. 
Circ. 469, pp. 1-16, 4 figs. 1958, May. 
Wood Preserving News, vol. 37, No. 2, 
p. 22. Feb. 

1959d. Termite quackery. National Better 
Business Bureau Service Bull. No. 284, 
pp. 1-4. Feb. 

1959e. Orkin “chlorohepton” soil poison 
said to combine chlordane with hepta- 
chlor. Pest Control, vol. 27, No. 4, 
p. 50. Apr. 

1950f. Termite damage deductible. Loc. 
cit., vol. 27, No. 4, p. 54. Apr. 

1959g. California TO (termite operator) 
found “not responsible” for death of 
customer following soil treatment. Loc. 
cit., vol. 27, No. 4, p. 62. Apr. 

t959h. “Trukil,” “Aldiel”: Southern PCO’s 
answer to “Orkil.” Loc. cit., vol. 27, 
No. 6, p. 58. June. 
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19591. Review. Advances in pest control 
research. R. L. Metcalf, 1957, 1958. 
Loc. cit., vol. 27, No. 9, p. 20. Sept. 

1959}. Abbott Exterminating pretreats 837- 
unit Fort Campbell project. Loc. cit., 
vol. 27, No. 9, pp. 30, 32, 34, 2 figs. 
Sept. 

t959k. U.S. Dept. Agric. fumigates dry 
dock for foreign termites. Loc. cit., 
vol. 27, No. 9, p. 34. Sept. 

1951]. Review. Official wood preserving sta- 
tistics 1958. Preliminary wood preser- 
vation statistics 1958. G. D. Merrick. 
Wood Preserving News, vol. 37, No. 9, 
Pp. 19, 22, 24. Sept. 

1959m. Which house has hidden values. 
Loc. cit., vol. 37, No. 11, pp. 12-14, 16, 
2 figs. Nov. 

r950n. St. Mark’s, Venice church infested 
by termites. Loc. cit., vol. 37, No. 11, 
p. 16. Nov. 

19590. Protected lumber delivers distin- 
guished service. Loc. cit., vol. 37, No. 
12, pp. 6-7, 9, 20, 2 figs. Dec. (Ter- 
mites, pp. 6-7.) 

1959p. Twenty-third report of inspection of 
wood preservatives in the Mississippi 
State Highway Dept.’s test garden. 
10-27-59, sheets 1-24. Jackson, Miss. 

1959q. Mississippi State Highway Dept., 
Testing Div. Service record on guard 
rail posts, pp. 1-15. Jackson, Miss. Dec. 

r959r. The toxicity of dieldrin to man. 
Communicable Disease Center, Techn. 
Development Labs., Reprint No. 267, 
pp. 1-21. Savannah, Ga. 

1959s. 11th Ann. Rep. Commonwealth Sci. 
and Industr. Res. Org. Australia, 1958- 
1959. Entomology (termites, p. 66). 
Canberra. 

1960. One minute to live. Pest Control, 
vol. 28, No. 1, pp. 9-11. Jan. 

1960a. How to get “health insurance” for 
your home. Wood Preserving News, 
vol. 38, No. 1, pp. 14-17, illustr. Jan. 

1960b. Getz pretreats basement type house 
during construction. Pest Control, vol. 
28, No. 2, pp. 23-25, 13 figs. Feb. 

1960c. Sales ammunition for pretreaters. 
Loe. cit., vol. 28, No. 2, p. 25. Feb. 

1960d. Radiation tracers show how termites 
feed colonies. Loc. cit., vol. 28, No. 2, 
p: 28. Feb. 

1960e. Oklahoma OK’s 19 termiticides. Loc. 
cit., vol. 28, No. 2, pp. 44, 58. Feb. 

1960f. Obituary. Karl Hassler (1898-1960). 
Loc. cit., vol. 28, No. 2, p. 46, photo. 
Feb. 
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1960g. Editorial. Loc. cit., vol. 28, No. 3, 
p. 5. Mar. 

1960h. Purdue University termite talks. Loc. 
cit., vol. 28, No. 3, pp. 54, 62, 64-65. 
Mar. 

19601. Admiral sucessfully fumigates float- 
ing drydock for termites. Loc. cit., 
vol. 28, No. 3, pp. 60, 62, 2 figs. Mar. 

1960j. Concrete will not stop termites. 
Wood Preserving News, vol. 38, No. 3, 
p. 4. Mar. 

1960k. Attempts to establish pretreat ARPs 
brings out procedures commonly used. 
Pest Control, vol. 28, No. 4, pp. 56, 58. 
Apr. 

1960]. The trouble with termites. Better 
Homes and Gardens, vol. 38, No. 3, 
p. 182, 1 fig. Mar. 

1960m. Low cost insurance. Wood Pre- 
serving News, vol. 38, No. 4, p. 4. Apr. 

1g960n. Pest control equipment. Pest Con- 
trol, vol. 28, No. 5, termites, pp. 28, 

34, 36, 46, 48, 50; fumigation, pp. 50, 
51, 56; safety, pp. 51, 54-56. May. 

19600. How to choose efficient equipment 
and methods for drilling masonry. Loc. 
cit., vol. 28, No. 5, pp. 62, 64-69. May. 

1960p. NPCA launches State-by-State ter- 
mite publicity program, members also 
using releases. Loc. cit., vol. 28, No. 5, 
p. 70. May. 

1960q. Hawaii termite infested; repairs of 
damage costly. Wood Preserving News, 
vol. 38, No. 5, pp. 23-24. May. 

196or. Operators financial responsibility. 
P.C.O. News, vol. 20, No. 5, p. 1. May. 

1960s. Special tests. Loc. cit., vol. 20, No. 5, 
p. 10. May. 

196ot. Termite warranties for smaller firms. 
Pest Control, vol. 28, No. 7, p. 5. July. 

1960u. NPCA board approves insured con- 
trol service program. Loc. cit., vol. 28, 
No. 7, p. 46. July. 

1960v. To sell pretreat, get into the build- 
ing huddle. Loc. cit., vol. 28, No. 8, 

pp. 56-57. Aug. 
1g60w. First NPCA workshop readies new 

ARP pretreat addition. Loc. cit., vol. 
28, No. 9, pp. 28-30, 32-34, illustr. Sept. 

1960x. Winter-hardy termites. Loc. cit., vol. 
28, No. 9, pp. 41-42. Sept. 

196oy. Free inspections on way out. Loc. 
cit., vol. 28, No. 9, pp. 42-43. Sept. 

1960z. Protecting buildings from termite 
and fungus damage. Forest Products 
Res. Inst., College, Laguna, Philippines. 
Techn. Note No. 10, pp. 1-5. Aug. 
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1960a1. Concrete block foundation voids: 
should they be treated at grade level 
or near footing? Pest Control, vol. 28, 
No. 11, pp. 34, 36. Nov. 

1960b?. Design of wood structures for per- 
manence. Nat. Lumber Manuf. Assoc. 
AJA File No. 19-B, pp. 1-15, 19 figs. 

1960c!. How Hawaii combats tropical ter- 
mites. Wood Preserving News, vol. 28, 
No. 11, pp. 20, 24, 3 figs. Nov. 

Ansari, M. A. R. 
1955. The genus Retortamonas Grassi (Mas- 

tigophora: Retortamonidae.) Biologia, 
vol. 1, No. 1, pp. 40-69, 59 figs., 2 tables, 
Lahore. June. 

Araujo, R. L. 
1958. Contribuicao 4 biogeografia dos tér- 

mitas de Sao Paulo, Brasil. Insecta- 
Isoptera. Arq. Inst. Biol., Sao Paulo, 
vol. 25 (art. 17), pp. 185-217, 1 map. 

1958a. Contribuicao a biogeografia dos tér- 
mitas de Minas Gerais, Brasil. Insecta- 
Isoptera. Loc. cit., vol. 25 (art. 18), 
Pp. 219-236, I map. 

Arora, G. L., and Girotra, S. K. 
1960. The biology of Odontotermes obesus 

(Rambur). Panjab Univ. Res. Bull., 
vol. 10, pts. 3-4, Dec. 1959, pp. 247-255, 
illustr. 1960, May. 

Asenjo, C. F., Amords-Marin, L., and 
Torres, W. 

1958. Chemistry of West Indian mahogany 
(Swietenia mahagoni) wood and ter- 
mite (Cryptotermes brevis) repellent 
activity. (Abstr.) Federal Amer. Socie- 
ties Exper. Biol. Federation Proc., vol. 
17, No. 1, pt. 1, p. 183. Mar. 

AsEnjo, C. F., AMoros-Marin, L., Torres, W., 
and Det Campitto, A. 

1958. Termite-repellent activity and chemi- 
cal composition of West Indian ma- 
hogany wood (Swictenia mahagoni 
Jacq.) with special reference to the Ps 
fraction. Puerto Rico Univ. Journ. 
Agric., vol. 42, No. 3, pp. 185-195, 2 
figs. Rio Piedras. July. 

AUBREVILLE, A. 
1959. Les fourrés alignés et les savanes a 

termitiéres buissononnantes des plaines 
de Winneba et d’Accra (Ghana). Bois 
et Foréts Trop., vol. 67, pp. 21-24. Sept.- 
Oct. 

AuTuorl. 
1956. L’instinct dans le comportement des 

animaux et de l’homme. Masson et C'®, 
(Ed.), Paris, pp. 1-796. (Termites, pp. 
561-575.) 
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Ayous, M. A. 
1959. Studies on the distribution, behaviour, 

feeding habits and control of Micro- 
cerotermes diversus Silv. attacking live 
plants in Saudi Arabia. Bull. Soc. Ent. 

Egypte, vol. 43, pp. 429-432. July. 
BANERJEE, B. 

1956. Interesting observations on _ the 
mounds of the termite Odontotermes 
redemanni (Wasmann). Journ. Bom- 
bay Nat. Hist. Soc., vol. 53, p. 742. Aug. 

1956a. Some interesting observations on the 
royal chamber in the mound of the ter- 
mite Odontotermes redemanni (Was- 
mann). Loc. cit., vol. 54, No. 1, pp. 
202-204. Dec. 20. 

1956b. Some common termites of Calcutta. 
Loc. cit., vol. 54, No. 1, pp. 204-206. 
Dec. 20. 

1957. Haploid chromosome numbers in the 
testis of the termite king Odontotermes 
redemanni (Wasmann). Current Sci. 
(India), vol. 26, No. 9, pp. 288-289. 
Sept. 

1958. Cytochemical studies on the oocytes 
of the termite queen Odontotermes 
redemanni (Wasmann). Loc. cit., vol. 
27, No. 2, pp. 56-57, illustr. Feb. 

Barnacte, J. E. 
1959. A pole test against Mastotermes dar- 

winiensis. Counc. Sci. Industr. Res. 
Org. Forest Products Newslett., vol. 

254, pp. 1-3. July. 
Barros-Macuapo, A. 

1957. [Architecture and evolution of the 
nests of African termites of the genus 
Apicotermes]. (In Portuguese.) (Sum.) 
Soc. Portug. Cién. Nat. B (ser. 2), 
vol. 7, No. 1, pp. 80-81. 

Bartn, R. 
1955. Ueber die tergitalen Druesenfelder 

von Syntermes dirus (Isoptera). Rev. 
Brasileira Biol., vol. 15, No. 3, pp. 257- 
263, 6 figs. Sept. 

BAVENDAMM, W. 
1955. In Schmidt, H., 1955b, Nattirliche 

Dauerhaftigkeit der Holzer gegen Ter- 
mitenfrass, pp. 245-306. 

Bear, J. A. 
1958. Wood destroying insects. Pest Con- 

trol, vol. 26, No. 10, pp. 20, 22. Oct. 
Becker, G. 

1955. Eine Farbmutation mit verandertem 
okologischen Verhalten bei Calotermes 
flavicollis Fabr. (Isoptera). Zeitschr. 
Angew. Zool., vol. 42, Heft 3, pp. 393- 
404, illustr. 

VOL. 143 

1957. Holzzerst6rende Insekten im Hafen- 
bau- und Werftholz von Chioggia 
(Norditalien). Zeitschr. Angew. Ent., 
vol. 41, Heft 2-3, pp. 403-410, illustr. 
Nov. 

1958. On some organic solvent types of 
timber preservatives in Germany. Ann. 
Conv. British Wood Preservers Assoc. 
1958, pp. 123-142. (Termites, p. 131.) 

BEEcHAM, H. A. 
1955. Methyl bromide mystery. Pest Con- 

trol, vol. 23, No. 2, pp. 36, 50. Feb. 
BEESLEY, J. 

1957. Eradicating termites (white ants) 
from buildings. I. Counc. Sci. Industr. 
Res. Org. Australia, Forest Prod. News- 

lett., 234, pp. 4-6, Sept.; II, 235, pp. 1-3, 
Oct.; III, 236, pp. 3-4. Nov. 

Benr, E. H. 
1960. When PCO’s should use fungicides 

to treat buildings. Pest Control, vol. 28, 
No. 2, pp. 9-10, 12, 14, 16, 19-20, 11 figs. 
Feb. 

Beier, M. 
1930. Nuovi Pseudoscorpioni  dell’Africa 

tropicale. Boll. Lab. Zool. Portici, vol. 

25, Pp. 44-48, 6 figs. 
Benoer, A. H. 

1959. “Equipment issue” for termite jobs. 
Pest Control, vol. 27, No. 5, p. 68, 
t fig. May. 

Bess, H. A., and Ora, A. K. 
1960. Fumigation of buildings to control 

the dry-wood termite Cryptotermes 
brevis. Journ. Econ. Ent., vol. 53, No. 
4, Pp. 503-510, 5 figs., 3 tables. Aug. 

Buasin, G. D., Roonwat, M. L., and Srneu, B. 
1958. A list of insect pests of forest plants 

in India and adjacent countries. (Ar- 
ranged alphabetically according to the 
plant genera and species.) Pt. 3. Lists 
of insect pests of plant genera “A” 
(Appendix only), “B” (Baccaurea to 
Buxus), and “C” in (part) (Cadaba to 
Citrus). Indian Forest Bull. No. 171 
(2), n.s. Entomology, pp. 1-126. Delhi. 
(Termites, Isoptera, pp. 10, 17, 18, 63, 

86, 95, 99, 102, 115, 124.) 
BreserporF, G. A. 

1958. Kalotermes minor Hagen in Okla- 
homa. Proc. Oklahoma Acad. Sci., vol. 
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1881. Sound producing ants. Nature, vol. 

25, DP. 32. 
BieTcuty, J. D., and Fisuer, R. C. 

1957. Use of gamma radiation for the de- 
struction of wood-boring insects. Na- 
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BieEw, J. O., Jr. 
1956. Comparison of wood preservatives in 

stake tests. 1956 progress rep. Forest 
Products Lab., Forest Serv., U.S. Dept. 
Agric. Rep. No. 1761, pp. 1-7, 1 fig., 33 
tables. Mar. 

1957. Comparison of wood preservatives 
in stake tests. 1957 progress rep. Loc. 
cit., pp. 1-48, 1 fig., 34 tables. Mar. 

1958. Comparison of wood preservatives in 
stake tests. 1958 progress rep. Loc. cit., 
pp. 1-8, 1 fig., 35 tables. Mar. 

1959. Comparison of wood preservatives in 
stake tests. 1959 progress rep. Loc. cit., 
pp. 1-8, 1 fig., 36 tables. Mar. 

1960. Comparison of wood preservatives in 
stake tests. 1960 progress rep. Loc. cit., 
pp. 1-8, 1 fig., 37 tables. Mar. 
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pp. 1-8, 1 fig., 39 tables. Mar. 

BueEw, J. O., Jr., and JouHnston, J. R. 
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22nd progress rep. Proc. Amer. Wood 
Preserver’s Assoc., vol. 52, pp. 272-281, 
10 tables; pp. 1-10, 10 tables (preprint). 
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1957. An international termite exposure test. 
23d progress rep. Loc. cit., vol. 53, pp. 
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termites champignonnistes (Macro- 
termitinae). Proc. roth Internat. Congr. 
Ent., Montreal, Aug. 17-25, 1956, vol. 2, 
Pp. 515-520, 4 figs. Dec. 

1959. (Evolution of symbiosis in Isoptera.) 
(In French.) Experimentia, vol. 15, 
No. 10, pp. 365-372. Oct. 15. 

GraveELy, F. H. 
1915. Notes on the habits of Indian insects, 

myriapods and arachnids, Rec. Indian 
Mus., vol. 11, pp. 483-530, pls. 22-25. 

Gray, H. E. 
1960. Vikane. A new fumigant for con- 

trol of drywood termites. Pest Con- 
trol, vol. 28, No. 10, pp. 43-46, 6 figs., 
1 table. Oct. 

Greaves, T. 
1959. Termites as forest pests. Australian 

Forestry, vol. 23, No. 2, pp. 114-120, 
2 pls. Aug. 
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Greco, R. E. 
1958. Two new species of Metapone from 

Madagascar. Proc. Ent. Soc. Washing- 
ton, vol. 60, No. 3, pp. 111-121, 2 figs. 
June. 

GrécoreE, C. 
1957. Studies by phase contrast microscopy 

on distribution of patterns of hemo- 
lymph coagulation in insects. Smith- 
sonian Misc. Coll., vol. 134, No. 6, pp. 
1-35, I pl., 1 table. May 8. 

Grmstone, A. V. 
1959. Aspects of cytoplasmic organization 

in Trichonympha. Proc. Internat. 
Congr. Zool., vol. 15, pp. 480-482. 

GrzimeK, B. 
1956. Doctor Jimek I presume. W. W. 

Norton and Co., Inc., New York. (Ter- 
mites, chap. 10, pp. 146-159.) 

Guac.iuml, P. 
1958. (Second supplement to the list of 

sugarcane insects in Venezuela.) (In 
Spanish.) Agronomia Tropical, vol. 7, 
No. 4, pp. 217-221. Maracay, Vene- 
zuela. Jan.-Mar. 

Guino, A. S., and RuFFinexti, A. 
1958. Primer catalogo de los parasitos y 

predatores encoutrados en el Uruguay. 
Proc. roth Internat. Congr. Ent. 
Montreal, Aug. 17-25, 1956, vol. 4, 
p. 919. Dec. 

Gunperson, H. 
1957. Pest Control No. 19. How to find 

and control insects attacking struc- 
tures. Iowa State College, Agric. Ex- 
tens. Serv., Pamph. 236, pp. 1-8, 22 figs. 
Ames, Iowa. Mar. 

Gunn, J. W. 
1952. Purdue conference report. Pest Con- 

trol, vol. 20, No. 4, p. 28. Apr. 
Gunter, F, A., and Brinn, R. C. 

1955. Analysis of insecticides and acari- 
cides. Interscience Publishers, New 
York, pp. 1-708, 72 illustr., 50 tables. 

GUNTHER, J. 
1953. Inside Africa. Harper and Bros., 

New York. (Termites, pp. 291, 429, 
680.) 

Gupta, B. D. 
1955. A review of publications on sugar- 

cane pests in India, pp. 1-80. Publ. 
Govt. India. Delhi. 

Gupta, S. D. 
Morphology of the primitive ter- 
mite Anacanthotermes macrocephalus 
(Desn.). Rec. Indian Mus. (Calcutta), 
in press. 
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GUTIERREZ, J. 
1956. The metabolism of cellulose-digesting, 

symbiotic flagellates of the genus T71- 
chonympha from the termite Zooter- 
mopsis. Journ. Protozool., vol. 3, pp. 
39-42. Feb. 

Hatstep, C. T. 
1958. How to make plywood termite proof. 

Lumberman (Seattle), vol. 85, No. 13, 
pp. 116-117. Dec. 29. 

Harris, W. V. 
1954-1955. (Note. Nests of a species of 

Apicotermes from Angola.) Proc. Roy. 
Ent. Soc. London, ser. A, Journ. Meet- 

ings, vol. 19, No. 7, 1954, p- 35 
1954-1955a. (Note. Distribution Reticuli- 

termes flavipes (Kollar) and var. san- 
tonensis of R. lucifugus). Loc. cit., 
vol. 19, No. 9, 1954, P- 44. 

1955. In Nottingham Univ., Easter School 
Agric. Sci., 2, 1955. Soil Zool., pp. 62- 
72. Butterworth. London. 

1955a. The war on white ants. Australian 
Dairy Rev., vol. 23, No. 4, pp. 12-13. 
Apr. 

1955b. The prevention of termite damage 
to buildings. Colonial Building Notes, 
Dept. Sci. and Industr. Res., No. 26, 
pp. 1-6. 

1955c. Termites and forestry. Empire For- 
estry Rev. (London), vol. 34, No. 2, 
pp. 160-166, illustr. June. 

1955d. The persistent termite. Gliksten 
Journ., vol. 4, No. 5, pp. 9-11, 1 fig. 
London. Autumn. 

1955e. An American termite in imported 
timber. Wood, vol. 20, pp. 366-367, 
1 fig. Sept. 

1955f£. Exhibit of living Kalotermes near 
jouteli and preserved Zootermopsis 
angusticollis from imported timber. 
Proc. Roy. Soc. London, ser. C, vol. 20, 

Pp. 36-37- 
1956. Termite mound building. Bull. 

Union Internat. Etude Insectes Sociaux, 
vol. 3, No. 2, pp. 261-268, 3 figs. June. 

1956a. Results from the Danish Expedi- 
tion to the French Cameroons, 1949- 
1950. 12. Isoptera. Bull. Inst. Fran- 
caise Afr. Noire, sér. A, vol. 18, No. 3, 

pp. 926-937, 4 figs. July. 
1956b. Field tests for termite resistance, etc. 

Colonial Building Notes, Dept. Sci. and 
Industr. Res. No. 39, pp. 1-13, 6 figs., 
2 tables. Sept. 

1956c. Termites destructive to timber. 
British Wood Preserving Assoc., Rec. 
Ann. Conv. 1956, pp. 145-177, 5 figs. 

1957. ae Gardner, 1957. Order Isoptera, 
p. 46. 

1957a. Isoptera. British Museum (Nat. 
Hist.) expedition to South-West Ara- 
bia, 1937-1938, vol. 1, No. 28, pp. 42I- 

433, 5 figs. Jan. 
1957b. 14. Isoptera from Rennell Island. 

Natural history Rennell Island, British 
Solomon Islands (Copenhagen), vol. 2, 
PP. 25-30. 

1957c. An introduction to Malayan ter- 
mites. Malayan Nature Journ., vol. 12, 
No. 1, pp. 20-32, illustr. Sept. 

1958. More about dry-wood termites. East 
African Agric. Journ., vol. 23, No. 3, 
pp. 161-166, 2 pls., 2 text figs. Jan. 

1958a. A new termite from the Solomon 
Islands (Isoptera). Proc. Ent. Soc. 
London, ser. B (Taxonomy), vol. 27, 
pts. 3-4, pp. 59-60, 1 fig. Apr. 

1958b. An introduction to Malayan ter- 
mites. Malayan Forester, vol. 21, No. 2, 
pp. 87-97. Apr. 

1958c. Isoptera. Park National de 
L’Upemba. I. Mission G. F. De Witte. 
Inst. Parcs Nat. Congo Belge, fasc. 

52(r), pp. 3-26, 41 figs., 3 pls. July 31. 
1958d. Colony formation in the Isoptera. 

Proc. roth Internat. Congr. Ent., Mont- 
real, Aug. 17-25, 1956, vol. 2, pp. 435- 
439. Dec. 

1959. Notes on termites injurious to for- 
estry in British Honduras. Empire 
Forestry Rev., vol. 38, No. 96, pp. 181- 
185, illustr. 

1959a. Protection against termites. World 
Crops, vol. 11, No. 2, pp. 47-50. Feb. 

1959b. Some termites of British Honduras. 
Proc. Roy. Ent. Soc. London, ser. C, 
Journ. Meetings, vol. 24, No. 8, p. 30. 
Dec. 

1960. Further records of East African ter- 
mites—III. Loc. cit., ser. B, vol. 29, 
pts. 1-2, pp. 17-21, 3 figs. Mar. 4. 

1960a. The ubiquitous termite. Span, vol. 

3, No. 2, pp. 73-76. : 
1960b. Two new termites of the family 

Termitidae. Ann. and Mag. Nat. Hist., 
ser. 13, vol. 3, pp. 253-256, 2 figs. 
Dec. 30. 

1960c. Observations on termites which 
damage constructional timbers. Rep. 
Seventh Commonwealth Entomological 
Conference, 6th to 15th July 1960, pp. 
103-106. London. Dec. 

Harris, W. V., and Brown, E. S. 
1958. The termites of the Solomon Islands. 
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Bull. Ent. Res., vol. 49, pt. 4, pp. 737- 
750, 14 figs., 1 table, 2 pls. Dec. 

Hestop-Harrison, G. 
1958. On the origin and function of the 

pupal stadia in holometabolous insects. 
Proc. Durham Univ. Philos. Soc., ser. 
A, Sci., vol. 13, No. 8, pp. 59-79. 

Hartman, C. F. 
1960. The past and future of fire retardant 

lumber. Proc. Amer. Wood Preservers 
Assoc., vol. 56, pp. 107-113, preprint 
pp- 1-7. Apr. 

Hartwie, E. K. 
1955. Control of snouted harvester termites. 

Farming in South Africa, vol. 30, No. 
353, pp. 361-366, illustr. 

1956. The determination of the population 
distribution of Trinervitermes nests as 
a basis for control measures. Boll. Lab. 
Zool. Gen. Agr. Portici, vol. 33, pp. 
629-639, illustr. Naples. 

Hasster, K. 
1960. Procedures for, precautions to ob- 

serve with sub-slab fumigation for 
subterranean termites. Pest Control, 
vol. 28, No. 7, pp. 36, 38, 40, 42. July. 

HatFtetp, I. 
1958. Information on wood-destroying or- 

ganisms for commercial pest control 
operators. Pt. IJ. Diagnosing causes 
for wood deterioration. Pest Control, 
vol. 26, No. 4, pp. 50, 52-54, 56-58, 60, 
figs. 4-9. Apr. Pt. III. Application of 
knowledge and skill to control prob- 
lems. Loc. cit., pp. 36, 38, 40, 42, 44. 
June. 

Hartrietp, I., and Aten, R. vAN. 
1956. Termite-repelling wood preservative. 

Pest Control, vol. 24, No. 10, pp. 32, 
34, 78, 4 figs., 2 tables. Oct. 

Haupt, H. 
1956. Beitrag zur Kenntnis der eozanen 

Arthropodenfauna des Geiseltales. Nova 
Acta Leopoldina (Halle), n.s., vol. 18, 
No. 128, pp. 1-90, illustr. Dec. 29. 

Hayes, W. J. 
1959. The toxicity of dieldrin to man. Bull. 

World Health Org., vol. 20, No. 5, pp. 
891-912. 

1960. Pesticides in relation to public health. 
Ann. Rev. Ent., vol. 5, pp. 379-404, 4 
tables, bibliography. Palo Alto, Calif. 

Heat, R. E. 
1957. Chemicals in termite control. Soap 

and Chemical Specialties, vol. 3, No. 8, 
pp. 73-76, 109, illustr. Aug. 

1957a. Chemicals in built-in protection 
against termites. Proc. Chem. Spec. 
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Manuf. Assoc., Mid-Year Meeting, vol. 
43, pp. 118-120. 

HEINZELIN, J. DE. 
1955. Observations sur la genése des nappes 

de gravats dans les sois tropicaux. Inst. 
Nat. Etude Agron. Congo Belge, sér. P, 
Sci., vol. 64, pp. 1-37. 

HEIsTERBERG, W. 
1958. Bemerkungen zum Thema “Termi- 

tengefahr in Osterreich.” Holzfor- 
schung und Holzverwertung (Wien), 
vol. 10, Heft 4, pp. 66-67. 

1959. Eine ‘Entgegnung zum Thema “Ter- 
mitenvorkommen in Osterreich und 
die Moglichkeit einer radikalen Ausrot- 
tung.” Prakt. Schadlingsbekampfer, 
vol. 11, No. 12, pp. 142-143. Dec. 

Henpeg, E. C. 
1937. Order Isoptera. Laboratory colonies 

of termites, pp. 275-278. In Galtsoff, 
Lutz, Welch, and Needham, 1937. Cul- 
ture methods for invertebrate animals. 
Comstock Publ. Co. 

HENpERSON, L. S. 
1958. Stored product insects. Pest Control, 

vol. 26, No. 10, pp. 14, 16. Oct. 
Henry, T. R. 

1958. The strangest things in the world. 
Public Affairs Press, Washington, D.C. 
(Termites, pp. 21, 45, 49, 115-117, 137- 
138.) 

HeEpsurn, C. A. 
1959. Wood borer insects in properties. 

Journ. South African Building and 
Timber Trades, vol. 9, No. 2, pp. 14- 
16. Feb. 

Herrs, A. 
1955. In Schmidt, H. (Ed.), 1955b. Schwar- 

men und Koloniegrundung der Ter- 
minten, pp. 121-130, 4 figs. Leipzig. 

1955a. Loc. cit. Termiten und Pflanze, pp. 
131-159, 9 pls., 26 figs. 

1956. Wie Verhalt sich Gebirgslarchenholz 
gegen Uber Termitenfrass? Anz. Schad- 
lingsk., vol. 29, pp. 2-5. Jan. 

1956a. Neue Forschungsergebnisse an Ter- 
miten. Zeitschr. Angew. Ent., vol. 39, 
pp. 481-487. Nov. 

1959. The termite problem in India. Anz. 
Schadlingskunde, vol. 32, pp. 148-150. 

1959a. Termiten und _ Silberfischen als 
Papier-bzw. Bucherschadlinge. Loc. cit., 
vol. 32, Heft 12, pp. 178-181, illustr. 
Dec. 

Hesse, P. R. 
1955. A chemical and physical study of the 

soils of termite mounds in East Africa. 
Journ. Ecol., vol. 43, pp. 449-461. July. 
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1957. Fungus combs in termite mounds. 
East African Agric. Journ., vol. 23, No. 
2, pp. 104-108, illustr. Oct. 

Hetrick, L. A. 
1956. Ten years of testing new organic in- 

secticides as soil poisons against the 
eastern subterranean termite, Reticuli- 
termes flavipes (Kollar). (Abstr.) Bull. 
Ent. Soc. Amer., vol. 2, No. 3, pp. 28- 
29. Sept. 

1957. Ten years of testing organic insecti- 
cides as soil poisons against the eastern 
subterranean termite (Reticulitermes 
flavipes). Journ. Econ. Ent., vol. 50, 
No. 3, pp. 316-317, 2 tables. June. 

1957a. Evaluation of new chemicals for 
control of the subterranean termite, 
Reticulitermes flavipes (Kollar). Ohio 
State Univ. Abstr. Doct. Diss., 1950- 

1951 (67), pp. 343-348. 
1961. Kalotermes approximatus Snyder in- 

fests Roseaceous trees (Isoptera: Kalo- 
termitidae.) Florida Ent., vol. 44, No. 

I, pp. 53-54- Mar. 
Hicxin, N. E. 

1954. Woodworm, its biology and exter- 
mination. 84 pp. illustr. London. (Ter- 
mites, chap. 10, pp. 73-75, figs. 71-77.) 

1957. West comes east: an unwelcome 
tourist. The West Indian drywood ter- 
mite in East Africa and some notes for 
its extermination. African World, Apr., 
p- 23, illustr. 

1959. An introduction to the study of wood 
decay. Pest Technol., vol. 1, No. 12, 
pp. 270-273, illustr. Sept. (Isoptera, 

p. 273+) 
1960. Collecting species found in Europe; 

termites in France. Timber Technol., 
vol. 68, No. 2258, pp. 459-461, 7 figs. 
Dee; 

1961. Isoptera in England: a record of ac- 
cidental importation. Timber Technol., 
vol. 69, No. 2259, pp. 26-27, illustr. Jan. 

Ls Ei oe aig Be 
1958. Fumigation techniques in structural 

insect control. Mil. Eng., vol. 50, No. 
336, pp. 271-272. July-Aug. 

Hinpwoop, K. A. 
1959. The nesting of birds in the nests of 

social insects. Emu, vol. 59, pt. 1, pp. 
1-36, 7 pls. Mar. 

Hoag, R. 

1959. Rules and regulations Structural Pest 

Control Board (California). P.C.O. 
News, vol. 19, No. 10, pp. 3-5, 9- Oct. 
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Hosss, K. R. 
1961. A key to help PCO’s [Pest Control 

Operators] identify wood-destroying 
organisms. Pest Control, vol. 29, No. 
2, pp. 14, 16, 18, illustr. Feb. 

Hotpsworty, H. P. 
1959. Getting rid of termites. Ohio Agric. 

Coll. Extens. Bull. 389, pp. 1-6, folder. 
May. 

Hopkin, M. S. 
1958. Protection of timber against termites; 

life of buildings prolonged by efficient 
wood preservation. African World, 
Apr., p. 15. 

Howe, D. E. 
1960. How insecticides kill. Pest Control, 

vol. 28, No. 1, pp. 12, 14, 16, 2 figs. 
Jan. 

Hepy, I. 
1958. (Termites in Czechoslovakia.) (In 

Czechoslovakian.) Védecka Kniha 
(Nakladatelstvi Ceskoslovenské Akade- 
mie véd), No. 1, p. 12, 1 fig. 

1959. (Versuch um Erhéhung der Resistenz 
der Faserholzplatten gegen Termiten- 
beschadigung. I. Beitrag zum Studium 
der Resistenz verschiedener Materialien 
gegentiber Insektenschadlinge.) (In 
Czechoslovakian.) Zool. Listy, vol. 8, 
No. 3, pp. 193-207. 

In press. Contribution to the knowledge of 
European species of the genus Reticuli- 
termes (Holmgren) (Isoptera: Rhino- 
termitidae). Acta faunistica entomolo- 
gica Musei nationalis Prague. 

In press. Prispévek k metodice laborator- 
nich zkouSek odolnosti materidli 
proti vSekaztiim—Zur Methodik der 
Laborpriifungen von Materialfestigkeit 
gegen den Termitenfrass. Drevarsky 
vyskum, Bratislava. Czech. with Ger- 
man and Russian summary. 

Hpepy, I., and HrpA, J. 
1960. Srovnani Ucinnosti DDT a YHCH 

na termity Kalotermes flavicollis a Re- 
ticulitermes lucifugus. (Effect of DDT 
and Lindane on termites Kalotermes 
flavicollis and Reticulitermes lucifu- 
gus.) Zoologické Listy (Folia zoolo- 
gica), Brno, vol. 9, No. 3, pp. 209-215. 
Czech. and English. 

Hrpy, I., and Novak, V. J. A. 
In press. A contribution to the question 

of nonspecificity of the exohormones. 
Proc. 11th Internat. Congr. Ent., Symp. 
Insect Chemistry. 
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Hroy, I., NovAx, V. J. A., and Skrosat, D. 
1960. Influence of the queen inhibitory sub- 

stance of honeybee on the development 
of supplementary reproductives in the 
termite Kalotermes flavicollis. The 
Ontogeny of Insects (Acta symposii de 
evolutione insectorum, Praha, 1959), 
Pp. 172-174. 

Hurr, G. E. 
1959. Cold-blooded termites. Pest Control, 

vol. 27, No. 2, p. 61. Feb. 
Hunt, F. 

1958. Florida home owners termite guide, 
pp. 1-93, 81 figs. St. Petersburg, Fla. 

Honrt, R. 
1958. Which is which [Embioptera or ter- 

mite]? Pest Control, vol. 27, No. 2, 
p. 31. Feb. 

1958a. Dermestids on termite diet. Loc. cit., 
vol. 26, No. 2, p. 58. Feb. 

Hunt, R. W. 
1960. Wood preservatives as deterrents to 

drywood termites in the Southwest. 
Journ. Econ. Ent., vol. 52, No. 6 (Dec. 
1959), Ppp. 1211-1212. Jan. 

Horo, P. D., Jr., and Smrru, R. F. 
1957- The meaning of Mexico’s amber. 

Pacific Discovery, vol. 10, No. 9, pp. 
6-7, illustr. Mar.-Apr. 

Horp, P. D., Jr., Smiru, R. F., and Usincer, 
RL 

1958. Cretaceous and tertiary insects in Arc- 
tic and Mexican amber. Proc. roth 
Internat. Congr. Ent., Montreal, Aug. 
17-25, 1956, vol. 1, p. 851. Dec. 

IkEHARA, S. 
1957. The termite fauna of the Ryukyu 

Islands and its economic significance. 
(1.) Bull. Arts and Sci. Div. Ryukyu 
Univ. No. 1, pp. 44-61, 8 figs., 1 table. 
Dec. 

Ims, A. D. 
1957. A general textbook of entomology. 

(Revised by Richards, O. W., and 
Davies, R. G., 1957.) Metheun and 
Co., London. (Termites, pp. 366-395, 
figs. 289-314.) 

Inp1a, Ministry Foop anv AGRICULTURE. 
1958. White ant trouble; treating soil with 

chemicals. Indian Forester, vol. 84, 
No. 12, p. 748. Dec. 

Inctz, L. 
1956. The toxicity of chlorinated hydro- 

carbon insecticides. Ann. Meeting 
Ohio Pest Control Assoc., Springfield, 
Ohio, Dec. 3, processed pamphl., pp. 
ET. 
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1932. Sur les termites observés en Rou- 

manie. Publ. Soc. Nat. Romania (Bu- 
charest), No. 10, pp. 108-113, 4 figs. 
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Ionescu, M. A., and Murcoct, A. 
1949. Recherches sur la fauna intestinale 

des termites en Roumania. Bull. Sec. 
Sci. Acad. Rép. Pop. Roumania, vol. 30, 
1947-1948, pp. 618-623. 
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Phoridae, Diptera.) Rev. Zool. et Bot. 
Africaines, Brussels, vol. 51, pp. 229- 
239, 8 figs. 

1955b. (About the genus Termitomyia 
Wasm., with description of a new 
species from the Belgian Congo, 
Phoridae, Diptera.) Loc. cit., vol. 52, 
pp. 48-66. Oct. 12. 

ScHoot Pusric Heattu, Universiry Micut- 
GAN. 

1954. Health aspects of pest control. In- 
dustry and official agency relations, pp. 
1-50. Ann Arbor, Mich. 

ScHULTzE-Dewi7z, G. 
1957- Verschiedenartige Termitenangriffe 

an Pappel- und Douglasienholz (Popu- 
lus and Pseudotsuga menziesii). Arch. 
Forstw., vol. 6, Nos. 11-12, pp. 933-941. 

1958. Vergleichende Untersuchungen der 
naturlichen Frassresistenz einiger ein- 
heimischer Kernholzarten unter Ver- 
wendung von Calotermes flavicollis 
Fabr. und Reticulitermes lucifugus 
Rossi als Versuchstiere. Holz als Roh- 
und Werkst., vol. 16, No. 7, pp. 248- 
251. July. 

Scott, K. G. 
1960. Southern California TO’s (Termite 

Operators) view of FHA preconstruc- 
tion preventives. Pest Control, vol. 28, 
No. 1, pp. 35-36, 38. Jan. 

Separp, M., and ME Ltis, Y. DE. 
1958. Etude du pouvoir pathogéne expéri- 

mental sur le lapin d’un Spherophorus 
sp. de l’intestine du termite. Ann. Inst. 
Pasteur, vol. 95, No. 3, pp. 357-360. 
Sept. 

SeEvers, C. H. 
1957- A monograph on the termitophilous 

Staphilinidae (Coleoptera). Zoology, 
vol. 40, pp. 1-334, 42 figs. Chicago Nat. 
Hist. Mus. Apr. o. 

1960. New termitophilous Staphilinidae of 
zoogeographic significance (Coleop- 
tera). Ann, Ent. Soc. Amer., vol. 53, 
No. 6, pp. 825-834, 14 figs. Nov. 

Sécuy, E. 
1935. Notes Ent. Chinoise, vol. 2, fasc. 9, 

p. 81. 
1953. Dipteres du Maroc. Encyclop. Ent., 

ser. B, II, Diptera, vol. 11, p. 9. Nov. 
15. 

1955. Un remarquable Calliphoride para- 
site des termites Madagascar. Bull. Inst. 
Frang. Afr. Noire, vol. 17, No. 1, pp. 
166-167. Jan. 

Setso, M. L. 
1960. Successful treatment of glued lami- 

nated wood. Wood Preserving News, 
vol. 38, No. 8, pp. 10-14, illustr. Abstr. 
Aug. 

Senior-Wuite, R., et al. 
1940. The fauna of British India. Dip- 

tera. Vol. 6. London. Mar. 28. (Para- 
sites of termites, pp. 188-189, 192-194, 

197.) 
Sen-Sarma, P. K., and Martuour, R. N. 

1957. Further record of occurrence of 
Cryptotermes dudleyi Banks in India 
(Insecta: Isoptera: Kalotermitidae). 
Curr. Sci., vol. 26, No. 12, p. 399. Dec. 

SHarMa, D. K. 
1959. Termites must be tackled. Indian 

Farming, vol. 9, No. 2, pp. 18-19, 22. 
May. 

Suaw, H. R. 
1959. Tessie the termite. Panama—This 

Month, vol. 1, No. 5, p. 13, 1 fig. May. 
SHEBOYGAN, CITY OF. 

1957- Common Council of the City of 
Sheboygan (Wisconsin). Subs. of Gen. 
Ord. No. 52-57-58. By Aldermen Schild 
and Browne, p. 1. Oct. 27. 

SHEPARD, H. H. 
1958. Methods of testing chemicals on in- 

sects, vol. 1, pp. 1-355. Burgess Publ. 
Co., Minneapolis, Minn. 

1960. Idem., vol. 2, pp. 1-250. 
SHIMI1zu, K. 

1959. (On the expiration of carbon dioxide 
by Formosan white ants.) (In Japa- 
nese.) Miyazaki Univ. Facul. Agr. B, 
vol. 4, No. 2, pp. 267-271. Mar. 

SHIPMAN, R. F. 
1958. Anthills in sandy soil are a valuable 

asset. Rhodesian Tobacco, vol. 17, pp. 
23-24. Aug. 

Strva, J. M. Barata pa. 
1952. Contribuicao para o estudo da for- 

miga branca Leucotermes (Reticuli- 
termes) lucifugus Rossi em Portugal.— 
Relatério Final do curso de Engenheiro 
Silvicultor. Inst. Super. Agron. Lisboa. 
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SIMEONE, J. B. 
1956. Subterranean termites. College of 

Forestry in Syracuse, State Univ. New 
York, Leaflet No. 5, pp. 1-3, frontis- 
piece, map. 

Sms, L. 
1957. Those fabulous wreckers—termites. 

Better Homes and Gardens, vol. 35, 
No. 4, pp. 312, 322-323. Apr. 

Sine’LnIkov, N. A. 
1950. (The use of DDT in termite control.) 

(In Russian.) Izvestiya Turkm. F. an 
SSSR, No. 3, str. 38-48. Ashkhabad. 

Sincu, S. H., Sanpu, J. S., and Arora, K. S. 
1958. Further studies on the control of 

termites in sugarcane fields in Punjab. 
Indian Sugar (Calcutta), vol. 8, No. 5, 

PP. 331-332, 335-336. Aug. 
Sincu, S. S. 

1957. Report on low cost housing, 1954. 
Buildings Organization, Ministry of 
Works, Housing and Supply, Govt. of 
India. New Delhi. (Termite proofing, 

Pp. 19-20.) 
Sincu, S., and SHarma, P. L. 

1957. Destruction of nests of mound-form- 
ing termites. Indian Journ. Ent., vol. 
19, pt. II, pp. 91-95, 4 tables. New 
Delhi. (June) Nov. 

SKairE, S. H. 
1954. Caste differentiation among termites. 

Trans. Roy. Soc. South Africa, Cape 
Town, vol. 34, No. 2, pp. 345-353; 
2 figs. 

1955. Dwellers in darkness; an introduc- 
tion to the study of termites, pp. 1-134, 
14 pls., 40 text figs. Longmans, Green, 
London. 

1957- The Durban dry-wood termite Kalo- 
termes durbanensis Haviland. Journ. 
Ent. Soc. Southern Africa, vol. 20, No. 
2, Pp. 373-390, 6 figs., 3 tables. Dec. 31. 

Smit, C. F. 
1954. Stop termites at work. Farm and 

Ranch—South. Agriculturist. Upper 
South Ed., vol. 84, No. 11, pp. 16-17. 

1960. North Carolina finds 3-year old in- 
spection form still acceptable. Pest 
Control, vol. 28, No. 9, pp. 40-41, 
illustr. Sept. 

SmitTH, D. N. 
1954. Termites and their control in British 

Columbia. Canada Dept. Agric. Publ. 
QI9Q, pp. I-12. Oct. 

Smit, M. W., et al. 
1956. What effect does soil texture have on 

penetration and retention of chemicals? 

VOL. 143 

Pest Control, vol. 24, No. 6, pp. 34, 36, 
38, 42. June. 

1956a. Where are we going in our control 
methods for subterranean termites? 
Loc. cit., vol. 24, No. 11, pp. 36, 38, 
40. Nov. 

1957. New approaches to “sub” treatment 
of slab houses. Loc. cit., vol. 25, No. 7, 
PP. 34, 36, 38, 42. July. 

Snoperass, R. E. 
1957. A revised interpretation of the ex- 

ternal reproductive organs of male in- 
sects. Smithsonian Misc. Coll., vol. 135, 
No. 6, pp. 1-60, 15 figs. Dec. 3. (Isop- 
tera, p. 19.) 

Snyper, T. E. 
1955f. Colonizing termites. Pest control, 

vol. 23, No. 7, pp. 50, 66, 1 fig. July. 
1955g. Termite northward migration? Loc. 

cit., vol. 23, No. 9, pp. 28, 30. Sept. 
1955h. Help wanted. Loc. cit., vol. 23, No. 

II, p. 30. Nov. 
19551. Anoplotermes brucei n. sp. from 

Bolivia (Isoptera, Termitidae). Proc. 
Ent. Soc. Washington, vol. 57, No. 6, 
p. 300... Dec. 

1956. Termite control in Venezuela. Pest 
Control, vol. 24, No. 1, p. 36. Jan. 

1956a. Warning! Rackets. Loc. cit., vol. 
24, No. 2, p. 26. Feb. 

1956b. 30-year test proves treated wood 
building is termite proof. Wood Pre- 
serving News, vol. 34, No. 6, p. 18, 
1 fig. June. 

1956c. Termite exposure test. Loc. cit. 
vol. 34, No. 6, pp. 20, 22. June. 

1956d. Termites of the West Indies, the 
Bahamas and Bermuda. (Isoptera.) 
Journ. Agric. Univ. Puerto Rico, vol. 
40, No. 3, pp. 189-202. July. 

1950f. Annotated, subject-heading bibliog- 
raphy of termites, 1350 B.C. to A.D. 
1954. Smithsonian Misc. Coll., vol. 
130, Publ. 4258, pp. ili, 1-305. 

1957. Subterranean termites and _ ships. 
Pest Control, vol. 25, No. 1, p. 30, Jan. 

1957a. A new Neotermes from Panama. 
Proc. Ent. Soc. Washington, vol. 58, 
No. 6, p. 352. (Dec. 1956) Jan. 31. 

1957b. Termite control. Bull. Ent. Soc. 
Amer., vol. 3, No. 1, p. 3. (Mar.) Apr. 

1957c. Colony formation by supplementary 
reproductives of eastern Reticulitermes. 
Loc. cit., vol. 3, No. 1, pp. 38-39. 
(Mar.) Apr. 

1957d. A new Rugitermes from Bolivia. 
Proc. Ent. Soc. Washington, vol. 59, 
No. 2, pp. 81-82. (Apr.) May. 
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1957e. Note. Subterranean termites and 
ships. Loc. cit., vol. 59, No. 2, p. 92. 
(Apr.) May. 

1957f. Review. The biology of colony 
formation in Reticulitermes hesperus 
Banks, F. M. Weesner. Ann. Ent. Soc. 
Amer., vol. 50, No. 3, p. 294. May. 

1957g. Death thinning out ranks of world’s 
foremost isopterists. Pest Control, vol. 
25, No. 6, pp. 42, 44. June. 

1957h. Authority cites northern spread of 
termites abroad. Loc. cit., vol. 25, No. 
10, p. 70. Oct. 

1957i. Termites. Fifth Ann. Cal. Poly. Pest 
Control Conference, California State 
Polytechnic Coll., Pomona, Dec. 13-14, 

19575 Pp. 1-16. 
1958. Two new Glyptotermes from the 

Philippines (Isoptera, Kalotermitidae). 
Proc. Ent. Soc. Washington, vol. 60, 
No. 5, pp. 229-231. (Oct.) Nov. to. 

1959. Letters. Alien termite infests Hous- 
ton waterfront. Pest Control, vol. 27, 
No. 2, p. 6. Feb. 

1959a. Note. Northward spread Reticult- 
termes species in United States and 
Europe. Proc. Ent. Soc. Washington, 
vo.l 61, No. 1, p. 40. Feb. 

1959b. Review. The Minimum Property 
Standards, Federal Housing Adminis- 
tration. Anon., 19581. Bull. Ent. Soc. 
Amer., vol. 5, No. 1, p. 50. Mar. 

1959c. New termites from Venezuela with 
keys and a list of the described Vene- 
zuelan species. Amer. Midland Nat., 
vol. 61, No. 2, pp. 313-321. (Apr.) 
June. 

1960. Fossil termites from Tertiary amber 
of Chiapas, México. Journ. Paleontol., 

vol. 34, No. 3, pp. 493-494, pl. 70, figs. 
1-3. May. 

1960a. Isoptera. In McGraw-Hill Encyclo- 
pedia of Science and Technology, pp. 
284-288, 7 figs. Oct. 3. 

Snyper, T. E., and Francia, F. C. 
1961. The termites of the Philippines. 

Philippine Journ. Sci., in press. 
Snyper, T. E., Grar, J. E., and Smitn, M. R, 

1961. Obituary. Mann, William M. (1886- 
1960). Proc. Ent. Soc. Washington, 
vol. 63, No. 1 (Mar.), pp. 68-73, 1 fig. 
photo. Apr. 

Snyper, T. E., Wetmore, A., and Porter, 
B. A. 

1960. Obituary. Zetek, James (1886-1959). 
Journ. Econ. Ent., vol. 52, No. 6 (Dec. 
1959), Pp. 1231-1232, 1 fig. photo. Jan. 

Soares, J. 
1958. (Methods of controlling termites.) 

(In Portuguese.) Gaz. Agr., vol. 10, 
No. 11, pp. 230-232. Aug. 

SoLLMAN, T. 
1957. Manual of pharmacology, 8th ed., 

pp. 1-1531. W. B. Saunders, Philadel- 
phia. 

Spear, P. J. 
1956. Recent developments in pest control. 

Farm Chemicals, Nov., pp. 1-4, 1 fig. 
1958. Recent developments in structural 

pest control in the United States. Proc. 
toth Internat. Congr. Ent., Montreal, 
Aug. 17-25, 1956, vol. 4, pp. 49-50. Dec. 

Spector, W. S. (Ed.). 
1956. Handbook of biological data. Div. 

Biol. and Agric., Nat. Acad. Sci.—Nat. 
Res. Counc. WADC Techn. Rep. 56- 
273, ASTIA Doc. No. AD 110501. Oct. 
(Wright Air Developm. Center. Ter- 
mites, p. 491.) 

SPENCER, G, J. 
1957- An unusual flight of termites. Proc. 

Ent. Soc. British Columbia, vol. 54, 
p..23. Dee. 16. 

1958. The insects attacking structural tim- 
bers and furniture in homes in coastal 
British Columbia. Loc. cit., vol. 55, 
Dec. 22, pp. 8-13. (Termites, pp. 8-9, 
Zootermopsis angusticollis, Z. neva- 
densis, Reticulitermes hesperus.) 

Spitz, W. J. 
1958. How we get complete coverage of 

sub-slab soil with termite chemicals. 
Pest Control, vol. 26, No. 2, pp. 38, 40, 
43, 51, 8 figs. Feb. 

SPRINGHETTI, A. 
1957. Contrubuti allo studio delle termiti 

in Italia per l’impostazione razionale 
della lotta antitermitica. IV. Prima 
esplorazione nel Veneto. Boll. Ist. 
Patologia del Libro “Alfonso Gallo,” 
pp. 1-13. Gennaio. June. 

1957a. Idem, V.—Seconda esplorazione nel 
Veneto. Loc. cit., pp. 1-14. Gennaio. 
June. 

1957b. Ghiandole tentoriali (ventrali, pro- 
toraciche) e corpora allata in Kalo- 
termes flavicollis Fabr. Genetica ed 
Entomologia, vol. 5, pp. 333-349. 
Pavia. 

1957c. Su alcune infestazioni di termiti nei 
vigneti id Manduria (Puglia). Bull. 
Ist. Patologia del Libro “Alfonso 
Gallo,” pp. 1-20, 4 figs., 11 tables, 1 
map. Luglio. Dec. 



Ito SMITHSONIAN MISCELLANEOUS COLLECTIONS 

1959. Mortalita in colonie de termiti (C. 
flavicollis e R. lucifugus) trattate con 
acqua salmastra. Loc cit. pp. 1-4. Gen- 
naio-Giugno. 

SPRINGHETTI, A., and Frizzi, G. 
1957. Primi Tentativi. Di trapianti di 

organi endocrini (ghiandole tentoriali) 
in Kalotermes flavicollis Fabr. Genetica 
ed Entomologia, vol. 2, pp. 395-396, 
23 figs., 4 tables, 2 diagr. Pavia. 

Srivastava, J. C. 
1957. Protection of sugarcane from ter- 

mites. Indian Sugar (Calcutta), vol. 6, 
No. 12, p. 743. Mar. 

STELLA, E. 
1953-1954. In Zavaratti (Ed.) Biogeografia 

dell’Isola Zannone (Archip. Pontino). 
R. C. Accad. Naz. Dei XL Rome (4), 
vols. 4 and 5, 1953-1954, Insecta, p. 229. 

Stewart, D. 
1957. Sulfural fluoride—a new fumigant 

for conrtol of the drywood termite 
Kalotermes minor Hagen. Journ. Econ. 
Ent., vol. 50, No. 1, pp. 7-11, 4 figs., 
3 tables. Feb. 

STILWELL, H. 
1960. Farm fallout can kill you. True, the 

Man’s Magazine. Mar., pp. 34-36, 76- 
78, illustr. New York. 

Stottoy, I. 
1958. Some methods for treating particle 

boards to increase their resistance to 
fungi and termites. Internat. Consulta- 
tion Insulation Bd., Hardboard and 
Particle Board Techn. Pap., vol. 4, 
No. 5.38, pp. 1-6. 1957. 

STRIEBEL, H. 
1960. Zur embryonal Entwicklung der Ter- 

miten. Acta Trop., vol. 17, No. 3, pp. 
193-260, illustr. 

Strone, V. E. 
1956. What does it cost to make a routine 

termite inspection? Pest Control, vol. 
24, No. 8, pp. 38, 40. Aug. 

StRucTURAL Pest Controt Boarp, 
FORNIA. 

1953. Structural pest control act of Cali- 
fornia, pp. 1-26. Effective Sept. 9, 1953. 
Los Angeles. 

Stuart, A. M. 

1961. Mechanism of trail-laying in two 
species of termites. Nature (London), 
vol. 189, No. 4762, p. 419. Feb. 4. 

SuEHIRO, A. 

1960. Insects and other arthropods from 
Midway Atoll. Proc. Hawaiian Ent. 

CAtt- 

VOL. 143 

Soc., vol. 17, No. 2 (1959), p. 201. 
July. 

Szent-Ivany, J. J. H. 
1956. New insect pest and host plant rec- 

ords in the Territory of Papua and 
New Guinea. Papua and New Guinea 
Agric. Journ., vol. 11, No. 3, pp. 82-87. 
Dec. 

1959. Host plant and distribution records 
of some insects in New Guinea. Pacific 
Insects, vol. 1, No. 4, pp. 423-429, 
illustr. Dec. 25. 

Tams.yn, N., pa Costa, E. W. B., and Gay, 
F. J. 

1959. Preservative treatment for plywood 
by momentary dipping of green veneer. 
Commonwealth Sci. Industr. Res. Org., 
Div. Forest Products Technol., Pap. 
No. 6, pp. 1-8, 4 tables. Melbourne. 

Tana, C., and Li SHEN. 
1959. (Forecasting the swarming of the 

yellow-thorax termite Reticulitermes 
flaviceps Oshima in Hangchow.) (In 
Chinese.) Acta Ent. Sinica, vol. 9, 

No. 5, pp. 477-482. 
Taytor, A. F. 

1960. Note. New ordinance regulating pest 
control in Pasadena, Tex. Pest Control, 
vol. 28, No. 4, p. 7. Apr. 

TENIsonas, A. 
1955. (Termites attack Europe.) (In 

Lithuanian.) Girios Aidas, vol. 6, pp. 
13-15. 

THakor, C., Prasap, A. R., and Sineu, R. P. 
1958. Use of aldrin and dieldrin against 

termites and their effects on soil fer- 
tility. Indian Journ. Ent., vol. 19, pt. 
3, Pp. 155-163, 5 tables. Sept. 

1961. Residual effect of aldrin and dieldrin 
in soil. Loc. cit., vol. 21, pt. 11, pp. 127- 
131, 2 tables, June 1959. (Jan. 1961.) 

THORNHILL, F. 
1955. Fumigation for dry wood termites. 

Pest Control, vol. 23, No. 7, pp. 16, 18. 
July. 

Tuouricu, L. 
1960. WVergleichende morphologische Be- 

trachtung der Soldaten der europai- 
schen und vorderasiatischen Reticuli- 
termes Arten. Ent. Mitteil. Zool. 
Staatinst. u. Zool. Mus. Hamburg, 1960, 
No. 30, pp. 145-160, 2 figs., 6 tables. 

TorreALsA, J. F., and Riccaro1, B. 
1941. Mas notas clinicas epidemioldgicas 

acerca de la enfermedad de Chagas. 
VI. Busquedas negativas de Triatomi- 
deos en viviendas de termitas (come- 
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jenes). Gaceta Medica Caracas, vol. 48, 
No. 7, p. 248, 1 photo. 

Toumanorf, C., and Toumanorr, T. C. 
1959. Les épizooties dues a Serratia mar- 

cescens Bizio chez un termite (Reti- 
culotermes santonnensis de Feytaud). 
C. R. Acad. Agr. France, vol. 45, No. 5, 
pp. 216-218. 

Tracey, M. V., and Youartt, G. 
1958. Cellulase and chitinase in two spe- 

cies of Australian termites. Enzymo- 
logia, vol. 19, No. 2, pp. 70-72. Mar. 15. 

Treat, I. 
1957. Big game. The New Yorker, vol. 33, 

No. 35, p. 40. Oct. 19. 
TsvetKova, V. P. 

1950. (The pilfering by termites in con- 
struction.) (In Russian.) Priroda, No. 
I, Pp. 95-96, 3 figs. Jan. 30. 

Tu, T. 
1953. The insecticidal action of various 

chemicals and by-products of camphor 
on termites (Coptotermes formosanus 
Shiraki). Journ. Formosan Medical 
Assoc., vol. 52, No. 5, pp. 277-287, 
tables. May. 

1954. Ecological supplement to a Formosan 
termite (Capritermes (Capritermes) 
nitobei (Shiraki)). Loc. cit., vol. 53, 
No. 4, pp. 17-27, 1 table. Apr. 

1955. The termites of China. Formosan 
Sci., vol. 9, No. 1, pp. 30-39, 5 tables. 
Apr. 

1955a. The termites of Formosa. Loc. cit., 
vol. 9, No. 2, pp. 80-87, 2 tables. Dec. 

1956. (Some observations on the habits of 
Formosan termites, on the damage 
done by them, and termite control in 
buildings.) (In Chinese.) Loc. cit., 
vol. 10, No. 1, pp. 12-18, 2 tables. Apr. 

1956a. (A case of important documents 
destroyed by termites.) (In Chinese.) 
Loc. cit., vol. 10, No. 1, pp. 19-22, 1 fig. 
Apr. 

1957. The termite resistance of various by- 
products of camphor. (Third report.) 
Loc. cit., vol. 11, No. 1, pp. 13-18, 
2 tables. Mar. 

Tuxen, S. L. (Ed.). 
1956. Taxonomists’s glossary of genitalia 

in insects. Copenhagen, pp. 1-284, 
illustr. 

U.S. Dept. Acric., ARS. 
1960. The nature and fate of chemicals ap- 

plied to soils, plants and animals. 
Publ. No. 20-9. Symposium, Apr. 27- 
29, pp. I-221. Sept. 

U.S. Dept. Acric., PLant Pest Controt Div. 
1957. Miscellaneous insects. Coop. Econ. 

Insect Rep., vol. 7, No. 32, p. 651. 
Aug. 9. 

1957a. Idem. Loc. cit., vol. 7, No. 44, p. 853. 
Nov. 1. 

1958. Idem. Loc. cit., vol. 8, No. 7, p. 119. 
Feb. 14. 

1958a. Idem. Loc. cit., vol. 8, No. 49, p. 982. 
Dec. 5. 

1959. Idem. Loc. cit., vol. 9, No. 1, p. 6. 
Jan.. 2; 

1959a. Idem. Loc. cit., vol. 9, No. 6, p. 74. 
Feb. 6. 

1959b. Idem. Loc. cit., vol. 9, No. 14, p. 239. 
Apr. 3. 

1959c. Idem. Loc. cit., vol. 9, No. 16, p. 288. 
Apr. 17. 

1959d. Idem. Loc. cit., vol. 9, No. 19, p. 362. 
May 8. 

1959e. Idem. Loc. cit., vol. 9, No. 20, p. 393. 
May 15. 

1950f. Idem. Loc. cit., vol. 9, No. 22, p. 473. 
May 209. 

1959g. Idem. Loc. cit., vol. 9, No. 35, p. 813. 
Aug. 28. 

1959h. Idem. Loc. cit., vol. 9, No. 41, p. 922. 
Oct. 9. 

1960. Idem. Loc. cit., vol. 10, No. 45, p. 
1069. Nov. 4. 

1961. Idem. Loc. cit., vol. 11, No. 16, p. 326. 
Apr. 21. 

1961a. Idem. Loc. cit. vol. 11, No. 19, p. 
392. May 12. 

Usman, S., and Putrarupraran, M. 
1955. A list of insects of Mysore including 

mites. Dept. Agric. Mysore State, Ent. 
Ser., Bull. No. 16, pp. 10-11. Bangalore. 

U.S. Pustic Heattu Service. 
1956. Clinical memoranda on economic 

poisons. U.S. Dept. Health, Education, 
and Welfare, Washington, D.C., PHS 
Publ. No. 476, pp. 1-78. Apr. 

1960. Directory of poison control centers. 
U.S. Dept. Health, Education, and 
Welfare, Washington, D.C., OM 1308, 
pp. 1-31. Mar. 1961, revised, pp. 1-38. 
Apr. 

Vance, A. M. 
1956. Lawn insects and how to control 

them. U.S. Dept. Agric., Home and 
Garden Bull. No. 53. (Termites, pp. 
10, 18, 24.) 

VanettI, F. 
1959. (The control of the Monticulo ter- 

mite, Cornitermes cumulans (Kollar).) 
(In Portuguese.) Rev. Ceres, vol. 10, 
No. 60, pp. 437-443. Jan./Apr. 
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Varzey, G. C. 
1956. Review. Dwellers in darkness; an in- 

troduction to the study of termites. 
S. H. Skaife, 1955. Ent. Monthly Mag., 

VAyssIERE, P. 
1955. In Coste, 1955. Les animaux para- 

sites du caféier. Isoptera, p. 241. In 
Les Caféiers et les cafés dans le monde, 
vol. 1, pp. 233-318, illustr. Nov. 25. 

1957. Les termites en Malaisie. Journ. 
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jeanneli, goliath, 23, 48 
natalensis, 3, 5, 9, 30, 34, 50 
nests, 34 
rex, 9, 30, 3 

Benzene aie (BHC), 9, II, 12, 13, 14, 

15; 43, 44, 51, 57; DDT mixture, 19; em 
sion, 12; failed, 43; gamma, 13, 443 ronal 
application, 14, 43, 44; injures vegetation, 13; 
in kerosene, unsuccessful, 15; soil, alkaline de- 
composes, 44; soil poison, 43> 44 
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Bermuda, 49, 67 
BHC, see Benzene hexachloride 
Bibliography, 47; annotated, subject-heading, 3; 

of sound-producing and sound-receiving ter- 
mites, 47 

Bioassay, 45 
Biochemistry, 13 
Biogeography, Brazil, Minas 

Paulo, 22 
Biography, 3 
Biology, ecology, natural history, life cycle or life 

history, 4-8; general, world species, 8; more 
diverse than supposed, 8; nutrition, 6, 7, 33 

Birds, as predators, 27, 37; sea gulls, Bonaparte’s, 

Gerais, 22; Sao > 

29537 
Blattidae, Blattids, cockroaches, 5, 32 
Blattoidae, 33, 46; affinity with termites, 33; isop- 

tera, sound, 46; sound production and recep- 
tion, 46 

Blattotermes, n. gen., 28 
neoxenus (fossil), 28 
wheeleri (fossil), 28 

Blattopteroidea, 5 
Boards, fiber, 56, 57; hardboard, 53, 54, 56, 573 

insulation, 56; particle, 56, 57, 58; weather, 56 
Boliden salt, chromated zinc arsenate, 55 
Bolivia, 49, 67; Santa Cruz, 21, 25, 68 
Books, damage to, in libraries in Rome, National, 

17; Vatican, 17 
Borax-boric acid, 55 
Borbororhina bivittata, dipterous parasite, attracted 

to freshly opened Eutermes mounds, 36 
Boric acid, 55, 56 
Boxes, wooden, 18 
BRAB, Building Research Advisory Board, 9, 12, 

13, 15; reports, 56 
Brain, architecture, 33; structure in relation to 

polymorphism, 33 
Brazil, 14, 16, 20, 32, 67, 68; Minas Gerais, 22, 

67; Sao Paulo, 5, 22, 34, 67 
Brei, food rich in carbohydrates, 33 
British Columbia, 15, 19, 27, 37, 66; coastal, 24; 

gulf islands, 24; Kamloops, 19, 24; Kelowna, 
19, 24, Lillooet, 24; Lytton, 24, mainland 
coast, 24; Nanaimo, 24; Okanagan Valley, 24; 
Osoyoos, 24; Prince Rupert, 24; Quesnal Lake, 
24; Revelstoke, 24; Salmon Arm, 24; Van- 

couver Island, 24; Victoria, 24; west coast, 24 
British Commonwealth, 12, 13, 23, 58, 70, 71 
Bruce-Terminix Insured Protection Contract, 4 
Bucharest, 23 
Building Codes, 8; southern standard building 

code of Southern Building Code Congress, 
shields, resistant woods, pressure-treated wood, 

Building Research Advisory Board, BRAB, 9, 12, 
13, 153 criticism, 9, 12; recommendations, 15; 
report, 12, 15 

Buildings, collapse of, 19; damage to, 16, 18, 19, 
54, 56; types: basement, 14, 54; brick veneer, 
46; concrete block, 17; conventional, 13; crawl- 
space, II, 17, 43, 543 row, 18; slab-on-ground, 

13, 14, 15, 17, 43, 46, 54; subslab, 46; sus- 
pended floor, 17; various, 43; wood preserva- 
tion timber prolongs life, 56 

INDEX bry 

Built-in protection, chemicals in, 44 
Burma, 24, 49, 61, 62 
Burning, control by, 31 

Cc 

Cables, aerial, damage control, 11; ducts, blow 
Poisons into, 11; jute fillers, 11; lead-sheathed, 
11, plastic-sheathed, 11, 40; rubber synthetic, 
II; tests of plastic-covered, lead-sheathed or 
bitumen-served cables, Queensland, 54; under- 
ground, damage, control, 11; vaseline-based 
serving containing arsenic, 11 

Calcium, in haemolymph, 36; in termite soil, 30 
Calcium chloride, absorbs water-vapor in nest, 30 
California, 5, 13, 14, 16, 17, 21, 28, 29, 32, 42, 43, 

54, 56, 62, 63, 64, 65, 66, 67; Los Angeles, 32, 
58; Pasadena, 32; Pest Control Operators, 29; 
San Diego, 37; San Fernando Valley, 17; San 
Francisco, 17, 31; Southern, 15, 17, 56, 66; 
Structural Pest Control Board, 13, 28; Vallejo, 
Solano Co., 21, 67 

Calling attitude, 3, 27 
Callitris spp., resistant woods, 40 
Caloglyphus, 36, 50 

feytaudi, 36 
Calotermes-Kalotermes brounii, 17, 21, 56 

dispar, 24 
Calotermes flavicollis, 3, 5, 7, 12, 16, 21, 22, 24, 

26, 28, 32, 33, 39, 40, 41, 42, 43, 48 
Calotermitidae, 30, 32 
Camphor 16; byproducts, 16 
Camphor oil, blue, wood preservative, 58 

Canada, 4, 15, 19, 27, 31, 37, 47, 64; British 
Columbia, 15, 19, 27, 37, 66; Toronto, 4, 63; 
western, 31 

Canal Zone, Panama, 18, 35, 36, 37, 43, 44, 54 
55, 56, 58, 63, 64, 67; Barro Colorado Island, 

37, 56, 58 
Canary Islands, 13, 18, 69; tests of resistant 

woods, 40 
Canton Island, 24, 70 
Capritermes, 33 

dunensis, 24, 
hutsoni, 19 
nitobei, 8 

Caps, concrete, 10 
Carbon dioxide, COs, expiration, 30; percent in 

nest, 30 
Carburetted hydrogen gas, 12, 28 
Castanospermum australe, black bean, resistant 

wood, 40 

Caste(s), 33; evolution polymorphism, 7; links 
and gaps in common castes, 7, 9; longevity, 4; 
neuter castes, character of, 7; nutrition, preferen- 
tial controls production various castes, 7; origin, 
8; presoldier, 9; relative proportion, 47; work- 
ers, production per first year, 8 

Caste development, determination, differentiation, 
formation, 4, 6, 7, 8-9; corpora allata, 6, 9; 
crowding, 8; ectohormones 8, 9; endocrinal 
gland secretion, 8, 9, 413 extrinsic causes, 4, 9; 
hormone organs, 8, 9, 26; inhibition theory, 4, 
5, 8; nutrition, 8; prothoracic gland hormone, 
26; social insects, in, 8 

Caste system, 5 
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Cedar(s), Japanese, 21; red, eastern, 40; red, 
western, 40 

Cellulase, in Australian termites, 35; Isoptera do 
not secrete, 5; of protozoan origin, fermenta- 
tion involved by hydrolosis of cellulose, 22 

Cellulose, digestion of, by Protozoa, 5, 22, 38; by 
bacteria, 3, 5, 22; by fungi, 22; fermenting, 3 

Cement, clay base cement mounds, 9; digestion of, 
22, 35, mounds, 9 

Centipede(s), 37 
Centrioles, protozoa, 37; function in reproduction, 

38; movement chromosomes to, 38; unusual be- 
havior, 37 

Ceratotermes, 33 
Cetonidae, green protea beetle, scavenger, 51 
Ceylon, 11, 24, 49, 50, 60, 61; Hantana, 47 
Ceylonitermellus hantanae, 47 
Chaetotaxy, arrangement hairs, 33; alate, 33; 

soldier, 33, 48; worker, 33 
Chafers, 50; Australian, 50; Scarabaeidae, Melo- 

louthinae, 50 
Chambers, subterranean, 5 
Chemical analysis, 9, 30, 45; termite soil material 

higher percent calcium plus magnesium and 
higher pH value than topsoil or subsoil, 30 

Chemical change, earth ant hills, 27, 30 
Chemicals, fate of, applied to soils, plants and 

animals, 46; high vapor pressure evaparate 
more rapidly, 44; pressure injection for fine- 
grained soil, 14; soaking or low-pressure in- 
jection for coarse-grained soil, 14 

Chemonite, 53, 54 
Chilopods, centipedes, predators, 37 
China, 24, 36, 62; Hangchow, 27, 62 
Chitin, undenatured broken down, 22 
Chitinase in Australian termites, 35 

Chlordane, 11, 14, 42, 43, 44, 45, 46, 51, 53; dust, 
16, 45; emulsion, 12, 13, 14, 15, 16, 46; im- 
proves growth, 13; in air habitations, 45, 513 
less persistent, 14; not ultrahazardous, 42, 51; 
wood preservative, 53 

Chlorinated hydrocarbons, 15, 36, 43, 44, 45, 463 
as soil poisons, 42, 43, 44, 45, 46, 52; deteriora- 
tion rapid, 44; do not impair plant growth, 13; 
effectiveness, 44; enter body, manner, 36; 
granules, 42; oil solutions, 36; prevent attack, 
463; suspensions, 15; toxicity, 43, 445 use, 
danger in, 52; water solutions, 36 

Chlorinated naphthalenes, 55, 56; injury to cattle, 

55 
Chlorohepton or “Orkil,” combination chlordane 

and heptachlor, soil poison, 42 
Chlorophorin, iroko, African preservatives, 40 
Chlorothion, 51 
Chordonotal organs, register vibrations, 46 
Chromated zinc chloride, 54, 56; copperized, 57 
Chromosomes, 16, 37, 38; factual analysis chro- 

mosomal movement in protozoa, 37; haploid, 
16; movement to centrioles, 38; protozoa de- 
scription of, 38 

Ciliates, 38; humus-feeder, 5; infusoria, 38 
Cities, termite, tropical bush, 5 
Classification termites. See Taxonomy 
Clay(s), attapulgite, 16; base mound cement, 9, 

30, 343 inert, sorptive, as preventives, 9, 10, Ir, 
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16; montmorillonite, 16; soil nests chiefly clay, 
34; upward transport, 30, 34 

Clearance from grade to timbers, 8; proper, 14; 
real estate “clearance” should be replaced by 
termite report, 10 

Climatization of nest by inhabitants, 34 
Coarctotermes brunneus, 49 

clepsydra, 36 
Cobalt-60, 13; curies, 26; radioactive, 26 
Cockroaches, 5, 30, 38, 503; Cryptocercus, 5, 38; 

development, 30; in colony, 50 
Coconut palms, damage to, 21; seedlings, 14 
Cocos nucifera, coconut, 14, 21 
Coffee plantations, 16, 21, 30; control, 16; dam- 

age, 16, 21 
“Cold stupor,” 50 
Collembola, springtails, 51 
Colonies, 6; age, 8, 35; aged, 353, experimental, 6; 

formation, 3, 5, 6, 8; incipient, 8; increase 
temperature of tree, 19, 203 initial, 8; labora- 
tory, 39; life, 5, 39; size, 20; variation in, 8; 

young, 35, 44; 
Colonizing termites, 15 
Colony foundation, 5, 273 by winged, 5, 273 part 

of existing colony, 5 
Colorimetric analysis, 45 
Colorado, 27; Florissant, 28 
Commensal, infusoria, 38 
Concrete, dieldrin added, 12, 54; digested, 1 

dissolved, 18; foundations, 9; penetrated, 1 
reinforced caps, 10 

Concrete blocks, dispersion in, 11; drilled, 10; 
foundation, 9, 10, 12; where to drill, 10 

Conidia eaten, 29 
Connecticut, 32 
Construction, 10, II, 12, 15; pre-termite control, 

10, II; post-termite control, 10, 11; relation- 
ship infestation, 15; residential, 10, 11, 12 

Construction timber, protection, 11 
Control, 7, 9-16, 45; Africa: Belgian Congo, 12, 15; 

East 13; South, 11, 12; Tanganyika, 14; tropi- 
cal, 14; Agriculture, U.S. Dept., 10, 15; America, 
Western, North, 12; Australia, 10, 11, 12, 14, 
16, West, 13; Austria, 12, 13, 16; baits, poison, 
14; barriers, chemical, 13, 14; physical (struc- 
tural), 13, 14; sand, 9; vapor, 9; Better Business 
Bureau, National, how to judge, 10; biochem- 
ical, 13; biological, 16; BRAB, National Re- 
search Council, Acad. Sci., 9, 12, 15; Brazil, 14, 
16; British Columbia, 15; British Common- 
wealth, 12; builder cooperation with, 9, 10, 113 
California, 11, 13, 14, 16 (Southern, 15); Calo- 
termes flavicollis, 12; Canary Islands, 13; Cey- 
lon (Coconut Research Inst.), 11; chemicals, 
16; clearance, proper, 10, 14; concrete caps, 10; 
construction, residential, 11; cost, 13, 15; Czech- 
oslovakia, 13; dampwood termites, 15; Defense 
Dept., U.S., 9; drainage, 10, 14; drilling, 10; 
drywood termites, 9, 11; dusts, poison, I1, 12, 
43; Egypt, 11, 16; equipment directory, 9, 10; 
equipment, how to choose efficient, 10, 13; 
equipment maintenance, 9; even age stand 
forest trees, 12; experiments on, 11; FHA, Min- 
imum Property Standards, 10, 11, 133 Florida, 
11, 16; Formosa, Taiwan, 8, 11, 16; founda- 
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tions, concrete, 10, 12; foundations, impervious, 
sound, 10, 14; France, 12, 16; fumigation, 10, 

II, 12, 13, 15; general, 5, 10, 11, 14, 153 
Georgia, 10; Germany, 13, 54, 56; grading, 
14; handbook, 15; Hawaii, 11; houses, 14, 16; 
India, 9, 11, 13, 14, 15; Indiana, 12, 13; in- 
secticides, 11, 12, 13; inspections, periodic, 10, 
13, 14; insurance, 10; (slabs, 14); Iowa, 12; 
Italy, 12; Kalotermes, 11; Kentucky, 10; lawns, 
16; leveling mounds, 13; longterm, 13, 443 
Malaya, 13, 14, 16, 46; Maryland, 15; Mau- 
ritius, 13, 14; methods, 15; Mississippi, 16; 
National Association Home Builders, 46; Na- 
tional Better Business Bureau, 10; National 
Lumber Manufacturers Assoc., 10; National Pest 
Control Assoc., 10 (how to judge, 10); war- 
ranty program, 10); nests, destruction, poison- 
ing, 14; New York, 13; North Carolina, 13, 15; 
Ohio, 13; organic insecticides, 12, 16; Pakistan, 
13, 15; parasites, 13; Pennsylvania, 14; Philip- 
pines, 10, 12; Portugal, 13; practical approach, 
12; pretreatment, 10, 13, 15; publicity program, 
10; questions and answers, 9; radiation, 12, 13; 
radical methods, 12, 13, 31; reinforced con- 
crete caps, 10; resistant woods, 10, 13, 14, 15, 
16; Reticulitermes, 11, 13, 15; roof on, 113 
safety equipment, 29; sanitation, 10, 13, 14 
(clean-up equipment, 11); Saudi Arabia, 10; 
shields, 10, 11, 13, 14, 15; silica aerogels, 9, 10, 
11; silvicultural methods, 12; soil poison, 10, 
13, 14; Solomon Islands, 12; solidified soils, 
14; spacing, closer, 14; Spain, 13; specifications, 
14 (Agriculture Dept. 10; BRAB 10, 11; De- 
fense Dept., 9; FHA, 11); statistics, 10; struc- 
tural alterations, 11, 12; subterranean termite, 
II, 13, 15; symbiosis with protozoa, disturb- 
ance, 14; termite-proofing, 10, 13, 14; Texas, 
42, 46; tillage land and cost, 13; timber, 12; 
timber logs, 14; treated lumber, 10; treated 
wood, 10, 11; truck, 12, 13; USSR; 11, 15; 
United States, 9, 10, II, 13, 14, 15, 16 
(southern, 3; southwestern, 16); Venezuela, 15; 
ventilation, 10, 13, 14; Veterans Administra- 
tion, II, 15; warranty, 5-year, 46; Wisconsin, 

32; wood preservation, 11, 13; world, 13, 15, 
16 

Copper-arsenic, preservative, 57 
Copper naphthenate, 54, 57; in petroleum, 54; 

more effective than zinc naphthenate, 55 
Copper sulfate, 55 
Copper-zinc, preservative, 57 
Copperized chromated zinc chloride, 57 
Coprinae, termitophiles, 51 
Coptotermes, 31, 33, 54 

acinaciformis, 12, 19, 20, 23, 31, 56 
subsp. raffrayi, 23, 47 
bentongensis, 48 
brunneus, 19, 23 
ceylonicus, 19, 50 
crassus, 28, 29, 31 
curvignathus, 14, 19, 46 
formosanus, 17, 23, 24, 27, 31, 56 
frenchi, 19, 20, 23, 50 
functional neoteinics in, 5 
gauril, 49 
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genus, biology, distribution, 4 
havilandensis, 24 
heimi, 6, 7, 18 
hyaloapex, 8, 21, 24 
lacteus, 5, 20, 22, 40, 42, 56 
niger, 20, 23 
Sepangensis, 48 
Sp.» 20 
vastator, 20, 21 

Copularium, mating cell, 5 
Copulation, 8 
Corfu, Greece, 25, 69 
Corks, damage to, 17 
Cornitermes cumulans, 5, 16, 34 

Sp.. 25 
Corpora allata effect on origin substitute repro- 

ductives, 6, 9; implanting, determination molt- 
ing supplementary reproductives, 26; morphol- 

ogy, 33 
Cosmoglyphus kramerit, red mite, termitophile, 51 
Counter attack, termite, 13 
Court rulings, 16 
Cow dung, pats, flies beneath termite infested, 36; 

eaten, 35 
Coxotermes boukokoensis, 48 
Crankcase oil, 55 
Crawl-space houses, 11 
Crenetermes, 33 

fruitus, 48 
Creosote, 42, 53, 57; coal tar, 53, 543 in crankcase 

oil, 553; -pentachlorophenol solutions, 53; solu- 
tions, 53 

Cretaceous, mid-, 46 
Crewood, 53 
Crowding, reaction to, 26 
Cryptocercus, 5, 38; effects of temperature and 

tension, on oxygen toxicity for protozoa, 38; 
protozoa as indicators of developmental stages 
in molting, 38 

punctulatus, 38 
Cryptocheilis sp., predaceous wasp, 37 
Cryptops, centipedes, predators, sp., 37 

zeteki, 37 
Cryptotermes, 4, 6, 9, 18, 22, 36 

brevis, 4, 6, 13, 16, 20, 22, 23, 24, 28, 31, 

33, 40, 58 
crassus, 28, 29 
domesticus, 23 
dudleyt, 23, 24, 25, 29 
havilandi, 24, 31, 38 

kirbyi, 24, 31, 49 
ryshkoffi, (fossil), 28 

spp., 40 
Cubitermes, 3, 33 

Jungifaber, 50 
mounds, 9 
muneris, 48 
oblectatus, 48 
testaceus, 3, 27 
ugandensis, 3, 8, 27 
umbratus, 50 

Cultivation, mechanical, 15 
Cupipes ungulatus, centipede, predator, 37 
Curies, dosage, 26, 39 
Cycle, life, primitive, 5 
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Cyclotermes, maledictus, 23, 48 
Cyphoderus arcuatus, collembolan termitophile, 51 
Cypress, resistant wood, tidewater red, heart- 

wood, 40 
Cyprus, 23, 68 
Cytology, 16 
Czechoslovakia, 5, 13, 23, 26, 41, 56, 68 

D 

Damage (by species), Amitermes arizonensis, 20; 
A. belli, 19; A. vilis, 19; Anacanthotermes 
ochraceus, 13; A. turkestanicus, 11; A. vagans 
var.  septentrionalis, 19; Archotermopsis 
wroughtoni, 19; Calotermes brounti, 17, 21; C. 
flavicollis, 12, 21; Capritermes, hutsoni, 19; 
Coptotermes, 20; C. acinaciformis, 19, 20; C. 
brunneus, 19; C. ceylonicus, 19; C. curvig- 
nathus, 14; C. formosanus, 17; C. frenchi, 19, 
20; C. heimi, 18; C. hyalopex, 21; C. lacteus, 
20; niger, 20; C. sp., 20; C. vastator, 20, 213 
Cornitermes cumulans, 16; C. sp. 21; Crypto- 
termes, 18, 22; C. brevis, 6, 20; dampwood, 10, 
13, 15, 21; drywood, 17, 18; Eurytermes ceyloni- 
cus, 19; Glyptotermes coorgensis, 19; G. dilatatus, 
Gnathamitermes, 16; G. perplexus, 20; harvester 
6, 11, 20; Heterotermes, 18; H. aureus, 20; H. 
convexinotatus, 20; H. crinitus, 20; H. indicola, 
18, 19; H. sp., 21; Hodotermes, 11, 14; H. 
mossambicus, 20, 21; Hospitalitermes mono- 
ceros, 6; Kalotermes approximatus, 20; K. bee- 
soni, 4; K. durbanensis, 19; K. flavicollis, 17, 
18, 19; K. jepsoni, 19; K. minor 20, 56, 57; 
K. sp., 19, 20; K. tabogae, 20; Leucotermes 
lucifugus, 18; Macrotermes, 18; M. gilvus, 
20, 21; M. natalensis, 21; Macrotermitinae, 
18; Mastotermes darwiniensis, 20; Micro- 
cerotermes, 11, 20; M. biroi, 21; diversus, 10, 
19; M. los-banosensis, 21; Microtermes anadi, 
18; M. mycophagus, 19; M. obest, 9, 15, 
20, 21 sp., 21; Nasutitermes brevioculatus, 14; 
N. ceylonicus, 19; N. corniger, 20; N. costalis, 
20; N. globiceps, 21; N. nigriceps, 20; N. no- 
varum-hebridarum, 21; Neotermes aburiensis, 
21; N. castaneus, 16, 20, 21; N. dilatatus, 19; 
N. gardneri, 7, 21; N. greent, 19; N. malaten- 
sis, 20; N. milttaris, 19; N. sp., 21; N. tectonae, 
20; Odontotermes (O.) assmuthti, 9, 15, 21; O. 
bangalorensis, 18, 19; O. brunneus var. wal- 
lonensis, 19; O. feae, 18; O. formosanus, 20; 
O. gurdaspurensis, 15, 18; O. horni, 19; O. 
obesus, 4, 14, 15, 18, 19, 21; O. redemanni, 16, 
O. taprobanes, 19; O. wallonensis, 6; Odon- 
totermes (Hypotermes) obscuriceps, 19; Pa- 
raneotermes simplicicornis, 20; Porotermes 
adamsoni, 12, 19, 20; Psammotermes assuanen- 
sis, 13; P. fuscofemoralis, 13; Reticulitermes, 11, 
12, 19; R. flavipes, 13, 14, 15, 18, 20; R. hes- 
perus, 19, 20, 21; R. lucifugus, 12, 13, 15, 17; 
18, 20, 21; R. I. var. santonensis, 12, 18, 20; 
Reticulitermes virginicus, 20; Schedorhinotermes 
lamanianus, 20; subterranean, 12, 13, 15, 17, 
18, 20, 21, 29; Syntermes, 12, 20; Tenuiro- 
stritermes incisus, 20; Termes feae, 19; T. 
obesus, 20; Trinervitermes biformis, 18; T. 
heimi, 21; Zootermopsis angusticollis, 20 

Damage (geographical), 16-21; Africa: Congo, 
TI, 12, £53) East, 23, .14,.08, 213, Egypt, 763 
Nigeria, 21; Nyasaland, 18; South, 8, 11, 12, 
17, 18, 19, 20, 21 (Durban, 19); Tanganyika, 
21; tropical, 14, 21. Aroa Isld., 21; Australia, 
10, II, 12, 14, 16, 17, 20, 23 (Canberra, 19); 
western, 19; Austria, 12, 13, 16 (Hallein, 18); 
Bolivia, 21; Brazil, 12, 14, 16, 20; British 
Columbia, 15, 19, 23; British Commonwealth, 
12, 13; California, 11, 13, 14, 16, 17, 21 (San 
Fernando Valley, 17; Southern, 15, 17); Can- 
ada, 19; Canal Zone, Panama, 18; Canary 
Islands, 13, 18; Ceylon, 11; Cuba, 11; Czecho- 
slovakia, 13; Del-Mar-Va Peninsula, 18; Europe, 
18, 19, 20; Florida, 11, 16, 17, 21; Formosa, 
8, 11, 16,29, 223 Brance,, 12,16, 417, seaon2es 
General, 5, 15; Georgia, 10; Germany, 18, 19 
(Hamburg, 18, 19; Hamburg-Altona, 18); 
Hawaii, Honolulu, 17; Honduras, British, 20; 
Illinois, Chicago, 17; India, 4, 7, 9, II, 13, 14, 
15, 18, 19, 20, 21 (northeast, 20; Punjab, 15, 
18; Visvesaraya Canal Tract, 15, 21); Indiana, 
12 (Indianapolis, 20, 50); Iowa, 12; Iran, 19 
(Khuzistan Prov., 19); Italy, 12 (Manduria, 
Naples, 19; Puglia, 21; North Chioggia, 17; Ori- 
aggo, 17, 18; Padova-Venezia-Oriago-Mira, 19; 
Rome, 17; Sardinia, 21; Venice, 17, 18, 21; 
Verona-Vicenza-Treviso-Rovigo, 19); Java, cen- 
tral, 6; Kentucky, 10; Louisiana (Alexandria, 
17; Lake Charles, 17); Malaya, 13, 14, 16, 18, 
19; Maryland, 15 (Annapolis, 17); Mauritius, 13, 
14, 18, 21; Michigan, 16; Mississippi (Adams 
Co., 16; Jackson, 17); New Britain, 21; New 
Caledonia, 20; New Guinea, 21; New Hebrides, 
3; New Jersey, 17; New York, 15 (Albany, 

13; danger zone, 19); New Zealand, 17, 21; 
North Carolina, 13, 15; Northern US., 17; 
Ohio, 13; Oklahoma, 17; Pacific, South, Terri- 
tories, 20; Pakistan, 4, 13, 21 (West, 20); Pan- 
ama, 11 (Canal Zone, 18); Papua, 21; Penn- 
sylvania, 12 (Philadelphia, 18); Philippines, 10, 
72,. 08,39; 20, 21; Portugal, 33,75, 900 
(Lisbon, 17, 18); Sardinia, 21; Saudi Arabia, 
10, 19; Solomon Islands, 12, 18; South 
Carolina, Charleston, 17; South Pacific Ter- 
ritories, 20; Spain, 13, 18; Surinam, 20; 
Texas, 17 (Texarkana, 17); Tropics, 17, 18, 20; 
USSR, 15, 18, 19; Golodnaga Steppe, 11; Mos- 
cow, 16; Odessa, 16; Turkmenia, 18; United 
States, 9, 10, II, 13, 14, 15, 16, 17, 18, 19, 20; 
(northern, 17; region: heavy, 10, 17; moderate, 
light, 10, 17; western States, 16, 20); Vene- 
zuela, 15, 20; West Virginia, 17; Wisconsin, 
Sheboygan, 32; world, 15, 16, 18, 19, 215 
Yugoslavia, Dalmatia, 18 

Damage, losses from, California, 17; Del-Mar-Va- 

Peninsula, or Eastern Shore, 18; Hawaii, 17; 
New Jersey, 17; Southern California, 56, 573 
United States, 10, 15 

Damage to living vegetation, 19-21; apple, 20; 
avocado, 16, 20; 21; Bassia latifolia, 19; Bassia 
longifolia, 19; bamboo, 19; banyan, 4; barley, 
20; beans, 20; cacao, 21; Cassia multijuga, 19; 
Casuarina equisetifolia, 19; cedar, Japanese, 21; 
Cedrela toona, 19; Cedrus deodara, 19; chillies, 
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13, 21; Cistanche tubulosa, 19; citrus trees, 19, 
20; coconut seedlings, 14; coffee: fields, 30; 
plantations, 16, 21; seedlings, 21; cork oak, 21; 
cotton, 14 (plant, 16; seedlings, 21); crops, 15 
(field, 19, 20; standing, 20; world, 12, 13, 21); 
Eucalyptus: plantations, 14; seedlings, 12, 20; 
trees, 19; Ficus, 4; flower beds, 20; flower 
gardens, 21; flowers, chrysanthemum, 21 (roots, 
21; stems, 21); food crops, 21; food plants, 21; 
forest trees: Australia, 19; Honduras, 20; India, 
20, 21; forests; alpine, 20; hardwood, 19; fruit 
trees, 15, 19, 20, 21; fruit(s), subtropical, 20; 
grain, 20; grapevines, 12, 18, 20, 43; grassland, 
4; grazing, 20; groundnuts, 20; lawns, 16, 20, 
21; lichens, 6; maize, 9; Mangifera indica, 7, 
21; mango, 7, 21, 45; oak, cork (Quercus 
suber) 21; oats, 20; orchards, 21; palas, 21; 
palm date, 13; peanuts, 20; peas, 20; pine, 
radiata, timber, in plantations, 20; Pinus radiata, 
21; plane tree, 19; plantations, 19, 21; (Euca- 
lyptus, 14; new teak, 20); plants, 20, 21 (forest, 
19, 21; living, ro, 16, 19, 20, 21); potato, 20; 
Quercus suber, 21; rubber, 14 (new plantings, 
16, 19; trees, 46); rye, 20; sugarcane, 4, 9, 13, 
15, 20, 21 (cuttings, 12, 14; seed, 21; setts, 15); 
tea bushes, 19, 20; teak trees, 6, 20; trees, 4, 
17, 18, 20 (apple, 20; forest, 20, 21; green, 
19; living, 15, 17, 19, 20, 21); vegetables, 19, 
21; veld, 20; vines, 12, 21; vineyards, 18, 20; 
wattle, 21; wheat, 11, 20; woody plants, 43; 

yew, 15 
Damage, to materials, 7, 9-19; art treasures, 

Rome, 17; books, 17, 18; buildings, 16, 17, 18, 
19, 54; cable, underground, 11; church, St. 
Mark’s, Venice, 17; clothes, 4, 17; construction 
timbers, 11, 19; control jobs, increase, 17; 
corks, 173 cost, 10, 15, 17; cotton, 17; cracks in 
concrete widened, 13; docks, dry, floating, 28, 
29, 31; documents, important, 19; Doge’s Pal- 
ace, 17; doorposts, 18; flooring, 18; frames, 
window, 18; furniture, 17; groundnuts, stored, 
18; homes, 17, 54; houses, 16, 18, 54; house- 
hold, 18; increasing, 56; kinds, 17; linen, 17; 
logs, 19; mortar, lime, 17; paper, 18, 20; (mat- 

ting, 17); photograph file, 37; piling, 17; prop- 
erties, 18; records, valuable, 16; refrigerator dis- 
play case, 20, 50; roofs, thatched, 17; sleepers, 
18, 19 (railway, 18); textiles, 56; ties, railroad, 
19; timbers, 12, 17, 18; type, 18; vapor bar- 
riers, 9; wall paper, 17; walls, 17; wood, 18, 
19 (fallen, 19, products, 18); wooden articles, 
4 (boxes, 18; structures, 19) 

Dampwood termites, 10, 13, 15, 21, 39; control, 
15; damage, 10, 13, 15, 213; rearing, 39 

DDT, dichloro-diphenyl-trichlorethane, 11, 13, 14, 
15, 42, 44, 45, 51, 52; BHC mixture, 19; dose 
orally and dermally, 52; emulsion, 12; failed, 
14, 42, 43; nervous system affected by, 36; soil, 
iron in, decomposes, 44; toxaphene mixture, 19 

Debris, chemical treatment brick and mortar, 13; 
removal cellulose, 13, 14 

Decay, rot, 10, 13, 16, 17, 18, 40, 53, 54, 56, 573 
description wood rots, 54; insurance, treated 
lumber, 54, 58; Lentinus lepideus, wood de- 
stroying fungus, treated lumber, protection 
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against, in FHA Minimum Property Standards, 
13; methods protection against, 53, 56; types, 
29; wood preservation, 56 

Defaunation, 13 
Delaware, Wilmington, 10 
Del-Mar-Va Peninsula, or Eastern Shore, 18, 64 
Demeton, 51 

Depth, 5 
Desiccation, removal of lipids of epicuticle, 11 
Detection, 11, 12, 14, 22; damage, 22; dampwood, 

22; drywood, 22; earth in galleries, 22; excre- 
ment on wood, 22 (yellow, clayey, 6, 22); 
flight, 22; pellets: large, 22; small, 22; subter- 
ranean, 22; tubes, 22 (putty-colored, 21, 22); 
wood-destroying organisms, key to, 22 

Deterrent, See Repellent 
Development, cockroaches, 30; embryological, 8, 

253; incipient colonies, 8; Orthoptera, 30; ter- 
mites, 30 

Development cycle, Reticulitermes, 4 
Diatomites, 16 
Diazinon, 51 
Dichloro-diphenyl-trichlorethane, DDT, 11, 13, 

14, 15, 16; emulsion, 12; failed, 14 

Dieldrin, 9, 11, 12, 19, 40, 42, 43, 44, 45, 46, 51, 
54; as dust, 12, 15, 16, 43; as soil poison, 9, 
II, 41, 42, 43, 44, 45, 46 (leads to damage by 
other insects, 11); as spray, 12; emulsion, 14, 
Ty, LO; hazard, 52; most persistent, 14, 46; 
residual effect longer, 16; soil fertility not af- 
fected, 15, 433 toxicity, 52; water solution, 42; 
water suspension, 43; wood preservative, 53 

Digestion, 22; bacteria, 22; cellulase, 22; cellulose: 
by symbiotic flagellates, 22; by bacteria, 3, 22; 
cement, 22, 35; chitin, 22; concrete, 17; flagel- 
lates, 22; fungi, 22; fungus-growing termites, 
22; Macrotermitinae, 22; protozoa intestinal, 22, 
39; stucco, 22, 35; symbiosis, 22; time to, 22 

Digestive tract, two types, 33; variation corre- 
spond to two lines of evolution, 33 

Dilan, 51 
Dimethyl parathion, powder, 12 
Diptera, flies, parasites: calliphorid, 36; muscid, 

36 
Discipline, study in, 8 
Distribution, 22-25, 47, 48, 493; Adriatic Coast, 23; 

Afghanistan, 25, 50; Africa: Belgian Congo, 
47, 48; East, 21, 23, 24, 25, 48, 49 (Kenya, 48, 
49; Tanganyika, 14, 21, 49); Egypt, 23, 25; 
Ethiopia, 23; French Cameroons, 23, 48; Sa- 
hara, NW, 24; savannas, 23; South, 8, 23, 24, 

47; West, 59; Arabia, southwest, 23, 48; Aroa 
Island, 24; Australia, 4, 23 (Cape York Penin- 
sula; Weipa area, 22; mainland, 20; west, 22); 
Austria, 69; Balkans, 23, Belgrade, 23; Brazil, 
22; British Columbia, 24; British Common- 
wealth, 23; British Honduras, 23; Bucharest, 
23; Burma, 24; Canary Islands, 69; Canton 
Island, 23; Ceylon, 24; China, 24; Cyprus, 23; 
Czechoslovakia, 23; Dniester River, 23; Ethio- 
pian region, 24; Europe, 23, 24 (southwest, 
25); Formosa, 24; France, 23; general, 70-71; 

Greece, 25; Guam, 23; Guinea, Portuguese, 23; 
Hawaii, 25 (Molakai, 23); India, 24 (Calcutta, 
22, Dehra Dun, 24; Mysore State, 25, Rajasthan, 
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Udaipur, 24); Indo-Malaya, 22; Indonesia, 22; 
Iowa, 22; Iran, 25, 50; Iraq, 25, 50 (Baghdad, 
23); Italy, 24 (Pontine Island, Zannone, 24; 
Venice, 22, 23, 24); Java, 23; Kichinev, 23; 
Kwajalein Naval Stat., 23; Madagascar, 24 (Ré- 
union Island, 24); Malaya, 23, 25; Marshall 
Islands, 23; Mauritius, 62; Micronesia, 23; Mid- 
way Island, 23, 24; Minnesota, 24; Montana, 
24; Nepal, 24; New Guinea, 24; New Britain, 
24; New Hebrides, 23; New Jersey, Trenton, 
22, 25; New York, 24; New Zealand, 24; 
northward, 24, 50; Oklahoma, 22, 25; Oregon, 
Corvalis, 24; Pacific Islands, western, 23; Pakis- 
tan, 23 (East, 22; West, 22, 24); Panama 
rainforest, 25; Papua, 24; Peru, 25; Philippines, 
12, 24; Portugal, 24; Puerto Rico, 24; Rumania, 
23, 24; Ryukyu Islands, 23; Sardinia, 24; Saudi 
Arabia, 22; Solomon Islands, Rennell Island, 23, 
South Africa, 23, 24; Spain, 24; Sumatra, 23; 
Texas, 24; Trieste, 23; Turkey, 23; USSR, 23 
(Moscow, 22; Turkmenia, 24); United States, 
22, 24 (northern, 24); Utah, 25; West Virginia, 
25; Western Pacific Islands, 23; world, 25; 
Wisconsin, 25; Yugoslavia, 23, 24, 25 

District of Columbia, legislation, 32; zoo, 37 
Diverticulum, blind, 33 
Dniester River, 23 
Docks, pine, 17 
Do it yourself, danger, 11 
Dominican Republic, Santo Domingo, 31, 67; fos- 

sils, 28 
Doryloxenus, myrmecophile, 51 
Dorylus, ant; (A) koAli, predator, 8; guest, 50 
Dorylus (Typhlopone) fulvus dentifrons, ant, 37; 

soldier struggle with soldier Pseudacanthotermes 
militaris, 37 

Double diffusion, method wood preservation, 55 
Douglas fir, 31, 54, 58; digestion, 22; plywood, 

57 
Drainage, 14 
Drilling masonry, 10, 46; methods for, 10, 46 
Dry-Cure Engineering Co., reports on, 39 
Drying, toleration to, 4 
Drywood termites, 10, 11, 12, 13, 17, 18, 22, 57, 

58; damage surpasses that by decay or sub- 
terranean termites, 57; New Zealand, native, 

17 
Duboscquia, lezeri, microsporidian parasite, 36 
Duplidentitermes furcatidens, 47 

juriont, 47 
latimentonis, 47 

Dusts, abrasive, 11; aldrin, 15, 16; inert, 11; 
Poison, II, 12, 14, 15, 16; sorptive, non-toxic, 
9, 10, 11; tobacco, 12; white arsenic, 12; 
wounds, treat with, 12 

E 

Ecological factors, 5 
Economic importance, 7 
Ectohormone, pheromone, 41; inhibition, 41; 

inhibition, lacking in Reticulitermes, 4 

Egg(s), laying, 4, 7, 8; rate egg laying, 4, 8, 
Embioptera, how to distinguish from termites, 48 
Embryology, 25 
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Emersonitermes (near Subulitermes) thekadensis, 
48 

Emulsions more favorable than dusts, 14 
Endocrine organs, gland, secretion, 41; system, 

33; transplantation, 26 

Endrin, 52; toxicity, 52 
England, 31, 39, 68 
Enteric valve, complex, 33; simple, 33 
Entomologists, graduate, in commercial work, 

number, 15 
Enzymes, inhibition by parathion, 36 
Eocene, 27, 28 
Eotermes multivenosus, 28 
Epicuticle, lipids removed, 11 
Epizootic, 3, 36 
Epoxidation, aldrin converted to dieldrin, 44; 

heptachlor to epoxide, 44 (more toxic, 44); 
increased residual effect, 44 

Epoxides, aldrin converted to dieldrin, 44; hepta- 

chlor, 43, 44 
Equipment, care of, 9; directory, 9, 10, 28 
Eremotermes dehraduni, 6, 24, 49 

maliki, 47 
nanus, 48 
neoparadoxalis, 47 
Mi: spss) 22 
paradoxalis, 23 
sabaeus, 23, 48 

Ethiopia, Sagan-Omo, 23; SE., Ogaden, 34 
Ethiopian zoogeographical region, 24, 25, 49, 59- 

60 
Ethology, nests, 3, 35, species termites, 48 
Ethylene dibromide, EDB, 9, 42, 43, 46; slabs, 9; 

soil fumigant, 42, 43, 46; subslab, 46 
Eucalyptus (resistant woods) creba, 40 

diversicolor, Karri, 53 
eugeniodes, 40 
grandis, 40 
marginata; jarrah, 40 
micrantha, 40 
paniculata, 40 
propinqua, 40 
punctata, 40 
rostrata, 40 
saligna, 40 
salubris, 19 
sieberiana, silver top ash, 40 
tereticornis, 40 

Euchilotermes, 33, 47 
Eucryptotermes, 13 
Europe, 9, 17, 18, 19, 23, 24, 25, 27, 49, 68, 69; 

Central, 18, 69; Southeast, 69; Southwest, 25 
(tests endemic hardwoods, 40; tests resistant 
woods, 40) 

Eurytermes ceylonicus, 19 
Eutermes, mounds, 36; sp., 37 
Evolution, 25-26; adaptive, 3, 25; digestive tract, 

33; nest-building behavior in Apicotermes, 3, 
25, 26; society, 26; symbiosis, 5, 

Expansion joints, 15 
Experimental animal, 26 
Experimentation, 8, 26 
Exterminator, when to call, 13; require license in 

States, cities, 32 
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Extractives, 40; chlorophorin, African iroko, 40; 
pinosylvin, Scots pine, 40; Pz, mahogany, 9; 
Ryania speciosa, wood, toxic, 40; substance #1 
Osage orange, 40; taxifolin, Douglas fir, 40; 
tectoquinone, Tectona grandis, teak, 40; tetra- 
hydroosajin, Osage orange, 40; toxic, 40 

F 

Family unit, 8 
Fastigitermes, 33 
Fat body reserve, 4 
Fauna, Dalmatia, 25; intestinal, 38 
Federal Housing Administration, FHA, 56 

Feeding, 4; organ, 33 
Femur, 46 
Ferox, wood preservative, 56 
Fertilization in protozoa, 38 
FHA, Federal Housing Administration Minimum 

Property Standards, 10, 11, 13 
Fiberboard, 53, 54, 56; wood preservation, raising 

resistance, 56 
Film recordings, 6 
Fire hazards, 51 
Fire retardants, 53, 54, 55; ammonium phosphate, 

55, 563; ammonium sulfate, 55, 56 (plus borax 
and boric acid, 55; plus chromated zinc chlo- 
ride, 56); control by, detailed, 56; chromated 
zinc chloride, 54, 56; history, 56; Minalith, 54; 
Protexol, 54; Pyresote, 54; tests, tunnel, etc., 56; 
vinegar, 56 

Firmitermes abyssinicus, 47 
Ptripolitanus, 47 

First aid for poisoning, 43, 52 
Flagellates, 5, 13, 22, 38; holomastigotid, 37; 

hypermastigote, 38; intestinal, 38; symbiotic, 22, 
38; trichonymphid, 37 

Flies, parasites, termitophiles, calliphorid, 36; 
muscid, 36; sarcophagid, 51 

Flight, 3, 4, 5, 6, 7, 12, 27; atmospheric pressure, 
effect, 27; behavior worker, 27; calling attitude, 
27; distance, 27; first, 5, 27 (not all leave, 27); 
height, 27; humidity, effect, 27; not indispen- 
sable for copulation and egg laying, 8; preda- 
tors, 27; pressure, effect, 27; rain, after, 27; 
survival, small percentage, 27, 37; swarm, 27 
(forecasting, 27; seasonal, 27; several, 27); 
temperature, effect, 27; time, day, 27 (lasts, 27; 
year, 27); wing shedding, 27 

Flooring, beech, 18 
Flora, bacterial, 5 
Florida, 4, 11, 16, 17, 18, 19, 20, 21, 31, 32, 42, 

54, 55, 56, 63, 64, 66, 67; central, 17; Gaines- 
ville, 42, 46, 64, 66; home-owners guide, 13; 
Jacksonville, 54; Miami, 31 

Fluorescence, adipose tissue, 7, 26; chitin, 7, 26; 
differentiation internal organs, 26 

Fluorides, contact insecticides, 12; water soluble, 
12 

Fogging hazards, 51 
Folklore, 27 
Food, 8; brood, dead and living, 8; cellulose, 

rotten, 6; exuviae, 8; humus, 34; lichens, 6; 
kind, 35; newsprint, 26, 35; preferences, 7, 26, 
35; soil, 8; stomodeal, 7; termites as, 25, 27; 
volume, 35; white anteater, 37; wood fragments 
reserve, 34 
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Foraging, 4, 6, 11 
Forest Research Institute, Dehra Dun, India, 49 
Forest termites, alpine forest, 19; Australian, 19 
Forficulitermes planifrons, 48 
Formosa, Taiwan, 8, 11, 16, 19, 21, 24, 30, 58, 

60, 61, 62 
Fossil, 5, 27-28; age, 27; amber, 27, 28 (Baltic, 

28; Mexican, 28); Eocene, 27, 28; Geiseltales, 
28; general, 28; Geological States Inst., 28; 
Miocene, 27, 28; Oligocene, 27, 28; Permian, 
Pleistocene, 28; shale, 28; Tertiary, 28 

Foundations, concrete, 19, 12; impervious, 10, 14; 
sound, 10, 14 

France, 3, 4, 6, 8, 12, 13, 16, 17, 18, 20, 23, 26, 
33> 35> 36, 39, 41, 42, 43, 53, 68, 69; Banyuls, 
Eastern Pyrenees, 12, 20, 43; termites hazard 
in, 18 

Fraud, See Racket 
Frogs, Australian desert, 37 
Fumigation, 10, 11, 15, 28-29; business cost, 15, 

drydock, floating, 28, 29; drywood termites, 28, 
29; ethylene dibromide, 28, 42; evil spirits, 27; 
fans, 28, 29; hazards, 10; heat exchanger, 209; 
methyl bromide, 28, 29; precautions, 10, 28, 
29; slabs, 28; soil, 28; specifications, California, 
28, 29; subterranean termites, 28, 29; sulfuryl 
fluoride, superior to methyl bromide, latter su- 
perior to ethylene dibromide, 28, 29; tarps, 28, 
29; techniques, 28, 29; tents, 28; U.S. Dept. 
Agric., 29; Vikane, sulfuryl fluoride, 28 (quali- 
ties, 28, 29); waterline, 29 

Fumiseal tents, 28 
Fungi, association with, 29; decreasing compatibil- 

ity to Reticulitermes flavipes, Poria incrassata, 
Lenzites trabea, Polyporus versicolor, Poria 
monticola, Lentinus lepideus, last definitely 
antagonistic, 29 

Fungi, wood-destroying, see also Decay, Rot. 
antagonistic, 29; compatibility degrees with ter- 
mites, 29; not necessary for prolonged existence 
termites (Reticulitermes)?, 29; wood preserva- 
tion prevents, 58 

Fungicides, 56 
Fungus, fungi, antagonistic to termites, 29; asso- 

ciation with, 29; compatible with termites, 29; 
interfere with termite diet, 29, 35; only para- 
sites, 29; subterranean termites, mutualism, 29 

Fungus comb, pH acidic, 29; maintains high hu- 
midity, heat, 29, 30 

Fungus cultivation, growing termites, 7, 22, 20; 
Africa, 293 agaric, 29; association between, and 
mushrooms, 5; conidia eaten, 29; food for 
young, 7; Java, 29; Macrotermitinae, 3, 29; 
vegetation, finely cut in nest, 29 

Fungus garden, bed, 5; construction of, 29, 34; 
fruiting bodies brought to surface, 29; reserve 
food supply during floods, 34; vegetation, 
macerated in, 34 

Furculitermes brevilabius, 48 
brevimalatus, 48 
cubitalis, 48 
hendrickxi, 48 
longilabius, 48 
parviceps, 48 
soyert, 48 
winifredae, 47 
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Furrows, dust, 12, 15 
Fusiformes (bacteria) Fusiformis hilli, 3; ter- 

mitidis, 3 

G 

Galleries, length of, 19, 20 
Gametes, protozoa, 37; difference in fusion, 38; 

unusual behavior, 37 
Gas, lethal, 28; measuring concentrations, 29; 

toxic, 29 
Gaseous environment, 30; aeration system, 30; air 

circulation, 30; behavior to air, 30; carbon di- 
oxide expiration, 30; need for fresh air, 30; 
oxygen supply, 30; undisturbed atmosphere 
necessary, 30 

Geiger counter, 26 
Geiseltales, 28 
Genes, replicating, molecular identity, 25 
Genetic elements, 25 
Genitalia, 30; external, 30 (sex characters, 33); 

heterologous gonoducts, 30; internal, 30; phal- 
lic organs greatly reduced, 30; RNA, ribo- 
nucleic acid, drops, 30; seminal vesicules, spher- 
ules, 30 

Geologic agents, 30; action nests on soils, 30; 
activities decrease length effective mulch life, 
30; mining influence fauna and flora soils, 30 

Georgia, 32, 43, 45, 51, 53, 57> 62, 63, 65; At- 
Janta, 42; Augusta, 54; lumber companies use 
treated wood, 53; Savannah, 10, 62 

Geotropism, 7 
Germany, 26, 40, 68, 69; Geological States Insti- 

tute, 28; Hamburg, 7, 18, 19, 31, 37, 39, 50, 
69; Hamburg-Altona, 18, 69; tests: resistant 
wood, 40; wood preservatives, 54, 56 

Gizzard, grinding effect, 33; simple, 33; with 
longitudinal folds, 33 

Gland, endocrine, 33, 41 (secretion, 41); extirpa- 
tion, 38; mandibular, 41; tentorial, 32, 33 

Glandular extirpation, effect on Cryptocercus, 38 
Glauconidae, snakes, 37 
Globitermes audax, 48 

sulphureus, 34 
Glue, Kaurit, toxic added to, 54; phenol resor- 

cinol, 58; resorcinol, 58; timber, laminated, 58 
Glyptotermes, 23 

coorgensis, 19 
dilatatus, 19 
franciae, 49 
ignotus, 50 
longiceps, 35 
magsaysayt, 49 
nigrifrons, 48, 49 
ueleensis, 47 

Gnathamitermes, 16 
magnoculus rouse: (fossil), 28 
perplexus, 20 

Gonoducts, heterologous, 30 
Grading, 14 
Grasslands, damage to, II, 20; termite control, 

II, 43 
Greece, 56; Corfu, 25, 69 
Group integration, 25; system, 25; unit, 25 
Grouping, density of, 26 
Guam, 23, 27, 70 
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Guarantee, builder responsible, 46; FHA, 46; 5- 
year warranty, 46; 5-year impractical, 15, 45 

Guatemala, 31 
Guide, Florida home-owners, 13 
Guinea, Portuguese, 23, 34; savannas, 30, 34 
Gun, portable dust, 12 
Gut, hind, second pouch of, 33 
Gypsum plasterboards, 54 

H 

Habitats, 7; temperature range, 7 
Haemolymph coagulation, 36; content, 36 
Hardboards, aldrin or dieldrin added, 54; insecti- 

cide treated, 54; Juniperus stock, 40; wood pre- 
servative for, 53, 56 

Harvester termites, 4, 6, 11, 33; hodotermitid, 4, 
II, 17, 20; Hospitalitermes monoceros, 1,000 
termites to each meter of column, 6; primitive, 
S35 

Hawali, 11, 17, 25, 28, 31, 33, 54, 56, 70; 
Honolulu, 17, 39, 70; Molokai, Camp Halena, 

23, 70 
Hazard(s), 10, 18, 22, 45; Australia, 22; damp- 

wood termites, 10; drywood termites, 10; 
France, 18; fumigation, 10, 28; health, 453 in- 
creased, 18; soil poisons, 45; toxicology, 52 

Heimitermes laticeps, 48 
moorei, 47 

Hemiptera, termitophile, predator, Reduviidae, 37 
Heptachlor, 10, 16, 32, 43, 44, 45, 46; dust, 16; 

emulsion, 46 (losses, 46); = epoxide, 44, 45; 
toxicity, 52; wettable powder, 46 (losses, 46); 
will not accumulate to dangerous levels in culti- 
vated soils, 46 

Herds, development supplementary reproductives 
in Reticulitermes in form of, 7 

Heterotermes, 18 
aureus, 20 
convexinotatus, 20, 23 
crinitus, 20 
Indian, 37 
indicola, 6, 18, 19, 25, 50 
primaevus (fossil), 28 
Sp., 21 

Histidine, 9 
Hodotermes mossambicus, 20, 21, 23, 27, 34, 43, 

ochraceus, 36 
Hodotermitidae, 30 
Hodotermopsis japonica, 5, 48 
Holomastigotes (protozoan) elongatum, 38 
Holometabolous insects, 5 
Homeostasis, social, 3; nests, 34 
Honduras, British, 20, 23, 48, 67 
Honey bee, queen inhibitory substance, 26 
Hoplognathotermes subterraneous, 47 

Psubmissus, 47 
Hormone (s), 8, 9; differentiation, 26; gonado- 

tropic, 9; growth, 26; juvenile, 9; organs, 9; 
prothoracic gland, 6, 26 

Hospitalitermes blairi, 49 
monoceros, 5 

Host(s), 21; change of, 38; het 20; plant, 20 
Humidity, 30; behavior and duration life, influ- 

ence on, 30; fungus comb maintains high, 29; 
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humid atmosphere in nest sought, 30; increased, 
12; reactions termites to, 30 

Hylemyia cana, muscid parasite, 36 
Hypermastigines, protozoa, 38 
Hypotermes nongpriangi, 49 

Idaho, Lapwai, 25, 67; Lewiston, 25, 67; Twin 
Falls, 25, 67 

Idia flavipennis, calliphorid parasite, 36 
Idomastotermes mysticus, 27, 28 
Illinois, 43, 44, 63, 64; Chicago, 17, 62 
India, 4, 7, 8, 11, 12, 13, 14, 15, 18, 19, 20, 21, 

24, 27, 29, 31, 32, 33, 34, 35, 38, 44, 47, 48, 
49, 50, 51, 52, 60, 61, 62, 713 adjacent 
countries, and, 61; Assam, 37, 49, 61; Bengal, 
West, 48; Bihar, 9; Bijapur (Mysore), 49; 
British, 36 (Telinkheri, Nagpur, 36); Calcutta, 
22, 60; Darjeeling, 48; Dehra Dun, 6, 24, 49, 
61; Delhi, 27, 62; Madras, 49; Metur Dam 
(Madras), 49; Mysore State, 25, 49, 62; Nagpur, 
36; North East, 11, 20, 61; Punjab, 61, 62; 
Pusa, 15, 62; Rajasthan, Udaipur, 18, 24, 49, 
61; Sambalpur (Orissa), 6; South, 48, 49, 61; 
Southern, Metur Dam, 49 (Thekaday, Travan- 
core, 49); Telinkheri, 36; Tinnevelly Distr., 
49; Tropics, 71; Visvesvaraya Canal Tract, 15, 
21 

Indiana, 62, 64, 65; Indianapolis, 20, 50, 64; 
Muncie, 12, 13, 64 

Indians, Guaymi, Pane folklore, 27, 32 
Indo-China, Vietnam, Cambodge, 34 
Indomalaya, 22, 60 
ee Mas zoogeographical region, 25, 36, 60- 

2 
Indonesia, 6, 22, 52, 61 
Indotermes maymensis, 49 
Indotermitidae, 49 
Infestation(s) California, 17; construction, rela- 

tion to, 15; cracks in concrete, 17; Del-Mar-Va. 
Peninsula, 18; drydock, 28, 29, 31; lime mortar, 
17; Louisiana, 17; Maryland, 17; Mississippi, 
16, 17; New Zealand, 21; northern, 17; roof, 
from, 15; sources, 21; South Carolina, 17; tea, 
20; teak, 6, 20; Texas, 28 (general, 17; old 
forested areas, 17); threshold, 13; through: 
cracks, 15, 17; knots, 19; snags, 19; wounds, 
19; vine, 12, 21; without ground contact by 
subterranean termites, 15, 18; wood-destroying 
organisms, 22; yellow pine, sound, 29 

Infusoria, ciliate, 38 
Inhibition, social regulation, 4, 5, 6, 73; ecto- 

hormonal, 4 
Inhibitory honey bee queen substance, 26 
Insecticidal action, camphor, byproducts of, 16; 

chemicals of, 16 
Insecticides, 11, 12, 13, 14, 16, 36, 39, 44, 45, 46; 

analysis, 44; contact, 12; diluents, 16; organic, 
12, 45 (phosphorous, 14); radioactive, 39, 453 
resistance of termites to, 36, 43, 453 response 
to, 14, 46; synthetic, 12 

Insecticides and soil, 43, 44, 45, 46; testing, 45, 
4 

Insect(s), Canadian, 47; injurious, 18; 
plants, 19, 20; underground, locating, 26 

pests 
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Inspection, 10, 13; cost, 15; form, North Caro- 
lina, 15; free, 10; periodic, 10, 13, 14 

Instars, stages, 4 
Instinct, building, 26; feeding, 20 
Insulating material, tests of, 10, 11, 26 
Insulation, boards, 56; cable, 11; neoprene, 11; 

resistant, 11, 26; rubber, 11; synthetic, 11; wire, 
II, 26; wood preservative for, 56, 57 

Insurance, 43; control, 10; financial responsibility, 
31; liability, 13, 31; Lexington Insurance Co., 
Wilmington, Del., 10; loans, 54; low cost, pres- 
sure impregnated lumber, 54; personal, 31; 
property, 31, 58; termite control warranty pro- 
gram, N.P.C.A., 10 

Integument, nature of, 5 
Intestinal associates, biology, 5, 8, 22, 37-39; 

fauna, 38; flagellates, 22, 37, 38, 39; flora, 5; 
flora, relation between soil, 50 
ae posterior, infusoria in, 38; structure of, 

I 
Intraspecies group system, 3, 25 
Introduced, or intercepted, 12; 22, 24; 313) cir- 

cumstances of importation, 313 Coptotermes 
formosanus present in Hawaii since 1913, 313 
Coptotermes crassus in drydock, Houston, Tex., 
since 1956, spread to waterfront piling in 1958, 
fumigated 1959, 313 Cryptotermes brevis pres- 
ent in Hawaii since 1904, 31; Cryptotermes 
brevis to East Africa from West Indies 1957, 
31; Cryptotermes brevis to England from 
Trinidad 1960, 313; Cryptotermes havilandi 
from Africa to Brazil, 38; Cryptotermes havi- 
landi from Africa and C. kirbyi from Mada- 
gascar introduced into Madagascar, India, and 
South America 1955, 31; Europe, 31; Kalo- 
termes jouteli in Lignum vitae lumber to Eng- 
land from Santo Domingo 1955, 31; Kalo- 
termes minor to Oklahoma 1957, 31; Kalo- 
termes nigritus in logs from Guatemala to San 
Francisco, Calif., U.S. 1945, 31; Nasutitermes 
nigriceps in dead orchid pseudopods to Miami, 
Fla., 1958, 31; Reticulitermes flavipes in wooden 
boxes to Hallein (Salzburg), Austria from 
Hamburg, Germany, by way of Vienna 1955, 
31; subterranean termites in ships 1957, 31; 
Zootermopsis angusticollis in Douglas fir from 
North America to England 1955, 31 

Iowa, 12, 22, 64 

Iran, 19, 25, 50, 52, 69 
Iraq, 23, 25, 50, 69; Baghdad, 23, 68 
Iroko, African preservatives, 40 
Isoptera, termites, 5, 49; systematics, 49 
Isopterists, death thinning out, 49; funds for 

training needed, 49 
Isotopes, 5, 39, 45; dilution, 39, 45; radioactive, 

5» 39 

Italy, 8, 12, 15, 17, 18, 19, 21, 24, 26, 33, 36, 41, 
68, 69; Chioggia, North Italy, 17; Manduria 
(Puglia), 21; Naples, 19, 68; Northern, 68; 
Oriago, 17, 19, 68; Padova-Venezia-Oriago- 
Mira, 19; Pontine Isld., 24, 69; Rome, 17, 68; 
Sardinia, 21, 24, 69; Sicily, 47, 68; Venice, 5, 
12, 15, 17, 18, 21, 22, 23, 24, 68, 69; Verona- 
Vicenza-Treviso-Rovigo, 19; Zannone Isld. 
(Pontine Islds.), 24 
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J 
Jam (Acacia acuminata), resistant wood, 40 
Japan, 61 
Jarrah (Eucalyptus marginata), 40 
Java, 6, 20, 23, 29, 34, 61 
Jugositermes tuberculatus, 38, 48 
Juniperus hardboards, 40 

K 

Kalotermes, 4, 11, 41 
angulatus, 50 
approximatus, 20 
beesoni, 4, 47, 48 
durbanensis, 8, 19, 24, 26, 35, 39, 50 
exertifrons, 50 
flavicollis, 6, 8, 9, 13, 17, 18, 20, 23, 25, 26, 

30, 33, 35, 36, 56 
flavicollis, var. fuscicollis, 47 
immigrans, 23, 33 
jepsoni, 19 
jouteli, 4, 31 
minor, 7, 20, 26, 28, 29, 31, 37, 56 
nigritus, fossil, 28; living, 28, 31 
snyderi, 4 
sp., 20 
spinicollis, 50 
sylvaticus, 50 
tabogae, 20, 23 

Kalotermes (Neotermes) sanctaecrucis, 23, 37 
Kalotermitidae, 22, 31 
Kansas, 32, 45 
Kentucky, 10, 32; Fort Campbell, 42, 53, 63; 

pretreatment studs with pentachlorophenol, 
dyed red, 53 

Kerosene, 15, 51 
Keys to termites, Afghanistan, 50; Africa: Angola, 

50; East (Kenya, 50; Tanganyika, 50); Uganda, 
50; Anacanthotermes, 48; Bahamas, 49; Ber- 
muda, 49; European, 48; families, 50; field key 
to soldiers, 48; genera, 50; Indo-Malayan, 47; 
Iran, 50; Iraq, 50; Malaya, 48; Philippines, 49; 
soldiers, 48, 50; Solomon Islands, 48; species, 

49; Venezuela, 49; West Indies, 49; winged, 
49, 50; wood-destroying organisms, 22 

Kichinev, 23 
King, 16; imaginal, macropterous, 41; neoteinic, 

brachypterous, apterous, 6, 7, 26, 41 
Kwajalein Naval Station, 23 

L 

Laboratory, colonies, 29; cultures, 39; rearing, 39; 
techniques, 46; testing, 46 

Lac cultivation, 21 
Laminated timbers, glued timbers treated with 

wood preservatives, 58 
Larix, wood, test, 40 
Lawns, damage to, protection, 16, 20 
Lead, eaten, 18, 35 
Lead-sheathed cables, 11, 40 
Leg, femora, 46; tibiae, 46 
Legal liability, 13, 31 
Legislation, regulation, 31-32; Arizona, 32; Cali- 

fornia: Assembly Bill, 31; Structural Pest Con- 
trol Act, 28, 31; Structural Pest Control Board, 
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31, 32; new rules, 31, 32 (cities, 32; cost 
higher, 31); court rulings, 16; enforcement 
difficult, 31; Florida Structural Pest Control 
Board, 31, 32; Health, Education, and Welfare, 
32; liability: personal, 31; property, 31; list 
States licensing pest control operators, 323 
Louisiana, 31; Michigan, 16; New York, Buf- 
falo, 1944 law flouted, 32; North Carolina 
Structural Pest Control Commission, 32; Pest 
Control Operators California, accepted stand- 
ards, 32; Sheboygan, Wisconsin, 32 (compul- 
sory control, 32); State, 15, 32; suppressing 
material fact, fraud, 16, 31, 32; Tennessee, 31; 
termite control industry should be self-regulat- 
ing, 31; Texas, 32 (Galveston, 32; La Marque, 
32; Pasadena, 32); U.S. Dept. Agric., 32; Wis- 
consin, 32 (penalties for violation, 32); 

Lepidotermes, 47 
Lentinus lepideus, wood-destroying fungus, 29 
Leucopitermes leucops, 47 
Leucotermes lucifugus, 18 

tenuis, 37 
Leucotermes (Reticulitermes) lucifugus, 18, 24 
Licensed operator, California, 11 
Licenses, new, increased, 17 
Light, 7, See also Phototropism 
Lignum vitae lumber, 31 
Lindane, 11, 13, 42, 45, 56; toxicity, 52 
Lipoid layer, 11 

Loan, 54; cost, 54 
Lobogyniella, mite, tragardki, 37 
Locust, black, 40 
Losses, California, 17; Hawaii, 17; U.S., 10 
Louisiana, 27, 32, 54, 55, 56, 62, 63; Alex- 

andria, 17, 31; Baton Rouge, 46, 66; Lake 
Charles, 17; New Orleans, 57, 65 

Lysine, 9 

M 

Macrosubulitermes greavesi, 47 
perlevis, 47 

Macrotermes angolensis, 49 
gilvus, 6, 20, 21, 20, 34 
mound-building by, 5, 36 
natalensis, 21, 30, 33, 36 
serrulatus hopini, 49 

Macrotermitidae, 25 
Macrotermitinae, 7, 9, 18, 22, 30; fungus-grow- 

ing, 3, 22, 29 
Madagascar, 24, 31, 35, 37) 475 49, 51, 62; Ré- 

union Island, 24, 62 
Magnesium in haemolymph, 36; in termite soil, 

30 
Mahogany, Philippine, 54; West Indian, Swietenia 

mahagoni, resistant wood, 9, 40 
Malacca, 47 
Malagasitermes milloti, 47 
Malagasy zoogeographic region, 47, 62 
Malathion, 15; acute oral and dermal dosages 

compared with DDT, 52; toxicity, 52 
Malaya, 13, 14, 16, 18, 19, 23, 25, 46, 47, 48, 

57, 60, 61, 62 
Mandibles, imago-worker in taxonomy, 36; 

phylogeny, 49; soldier, lost apical points in 
Subulitermes, 36; soldier, Nasutitermitinae, 49; 
variability in soldier, 49; vestigial, soldier, 36 
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Mangifera indica, mango, 3, 21 
Marshall Islands, 23, 70 
Maryland, 66; Annapolis, 17; Baltimore, 10 
Mastigophora, protozoa, Retortamonidae, 37 
Mastotermes, 5, 54 

darwiniensis, 20, 23, 33, 54 
wheeleri (fossil), 28 

Mastotermitidae, 22, 28, 32 
Mate for life, 7 
Mauritius, 13 14, 18, 21, 62 
Mecistocephalus consocius, centipede, 37 
Medicine, uses in, 32; smoked termite nest cure 

yaws, 32 
Megagnathotermes, 33 
Megaponera, ant, 37 
Mercury, corrosive sublimate, 16 
Metamorphosis, holometabolous, 5 
Metapone, ant, 37 

emersoni, 37 
madagascarica, 37 

Methoxychlor, toxicity, 52 
Methyl bromide, fumigant for drywood termites, 

28, 29; poisoning, 10, 51; soil fumigant, 42 
Mexico, 67; Chiapas, 28 
Michigan, 16, 66 
Microcerotermes, 11, 20, 21 

amboinensis, 7 
baluchistanicus, 47 
beesoni, 6, 24 
birot, 21, 24 
burmanicus, 48 
championi, compared with burmanicus, 48 
diversus, 10, 19, 22, 23, 50 
gabrielis, 25, 49, 50 
longignathus, 47 
los-banosensis, 21 
malmesburyi, 51 
AS sp:,) 22 
progrediens, 23, 48 
sakesarensis, 47 
wood, live, eater, 20 

Microcerotermitinae, 6 
Microclimate, nests, 7, 34 
Microhodotermes viator, 23, 27, 34, 43, 47 
Micronesia, 3, 23, 61 
Microorganisms, association with, 29, 39; elimina- 

tion of, 29, 35; in termite intestines, 29, 39; 
in soil, 30, 45; interfere with termite diet, 29, 
535) 

Microtermes anand, 6, 18, 24 
mycophagus, 19 
obesi, 9, 15, 20, 21 
pakistanicus, 22, 47 
sp., 21 
unicolor, 6, 24 
upembae, 48 
vadschaggae, var. grasséi, 23, 48; var. dubius, 

23, 48 
Midway Island, Atoll, 23, 24, 27, 70 
Migration reproductives, 5 
Mimeutermes edentatus, 49 
Mining by termites, 34; mass per unit surface 

area equal to one-half entire microfauna, earth- 
worms excluded, 30, 34 

Minnesota, St. Paul, 24, 67 
Miocene, 28, 51, 66 

INDEX 127 

Mirotermes panamaensts, 37 
Mississippi, 27, 32, 40, 43, 54, 55, 56, 62, 63, 

64, 67; Adams Co., 16; Jackson, 17, 53, 54, 625 
Saucier, 54, 55, 56; State Highway Dept., 40, 

53) 54 j 
Missouri, St. Louis, 43 
Mite, acarine, 36; diplogynid, 37; parasite, 36; 

predator, 37; red, 37, 51; tyroglyphid, 50; 
white, 37, 51 

Moisture, 7; minimum, 39; optimum, 7, 30, 39; 
reservoir, 13 

Molt(s), 26 
Molting, change of hosts during, 38; corpora allata 

determines 26; retrograde, 7 
Montana, 24, 66 
Morphology, 32-33; alate, 32; Anacanthotermes 

macrocephalus, 32; body structure, 33; brain, 
33 (structure in relation to polymorphism, 
minor and major soldiers and workers, 33); 
cephalic musculature, 33; chaetotaxy, 33; 
corpora allata, 33; digestive tract, 33; enteric 
valve, 33; external, 32, 33 (sex characters, 33); 
feeding apparatus various castes, 33 (muscu- 
lature and mechanism, 33); ganglion, 33; 
glands, endocrine, 33, 41; mouthparts, 33; 
nasus, 32; nerves 33; neurosecretory cells, 33; 
nourishment organs, 33; nutrition, biology of, 
33; oocytes, 32; proventriculus, “social feeding 
organ,” 33; soldiers, 32, 33 (Reticulitermes 
Europe and Near East, 49); sterna, 333 styles, 
33; tentorial gland, 32, 33; tergite glandular 
areas, 32; Termitinae, 33; tibial spurs, 33; 
tracheae, 33; worker, 32, 33 

Mortality, killed by parasites, 35; period, 11; 
treated with saline solutions, 26 

Mortgage, how to build homes outlive, 53; loan, 
cost, 54 

Mound(s), 30; chemical analysis, 9; control, 12, 
14, 15; iron oxide concretions, 9; soil, texture, 
9, 30; Somali huts built of red-brown mound 
earth, 53; structure, inner, 34; Tropics, Africa, 

5, 30, 34, 35 
Mound-building termites, 9, 21, 34, 353 affect soil 

fertility, 21 
Mouthparts, 33 
Mucrotermes osborni, 47 
Musculature, cephalic, 33 
Mushrooms, 5 
Mutualism, subterranean termites and fungi, 29 
Myobatrachus gouldi, frog, white anteater, 37 
Myrmecobius f. fasciatus, banded anteater, num- 

bat, marsupial, 37 
Myrmecophile Doryloxenus, 51 

Odontoxenus, termitophile, more primitive 
than Doryloxenus, 51 

N 

Naphthalene, soil poison, 44 
Nasus, 32 
Nasutitermes, 30, 32, 37 

arborum, 6, 30 

beckeri, 49 
branch, 36 
brevioculatus, 14 
ceylonicus, 19 
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columbicus, 37 
corniger, 20, 23 
costalis, 20 

exitiosus, 40, 42, 53, 54, 56 
fumigatus, 5 
globiceps, 21, 25 
mounds, 9 
nigriceps, 20, 23, 31 
novarum-hebridarum, 21, 24 
thanensis, 6, 24 

Nasutitermitinae, 6, 30, 36, 47; collect food, 30; 
revision, 49 

National Academy of Sciences, 9, 12, 13, 15, 56 
National Association Home Builders, 46 
National Better Business Bureau, 39 
National Lumber Manufacturers Assoc., 10 
National Pest Control Assoc., N.P.C.A., approved 

reference procedures, termite, control, 42; pre- 
treatment certification board, 42; pretreat pro- 
cedure, 10, 13, 15; termite control warranty 
program, 10, 46 

National Research Council, 9, 12, 13, 15, 563 
Building Research Advisory Bd., 9, 12, 13, 15, 
56; Div. Medical Sci., 52 

National Safety Council, safe use pesticides, 52 
National Science Foundation, 1 
Natural selection, 25 
Nearctic zoogeographical region, 62-67 
Near East, 49, 69 
Neoteinics, 4, 5; apterous, 4; brachypterous, 4; 

functional, 5 
Neoteinia, neoteny, 7 
Neotermes, 4, 23 

aburiensis, 21, 47 
amplus, 35 
araguaensis, 49 
aridus, 50 
bosei, 6, 27 
castaneus, 16, 20, 21 
collarti, 47 
desneuxt, 35 
dilatatus, 19 
gardneri, 7, 21 
greeni, 19 
lepersonneae, 47 
malatensis, 20 
megaoculatus, 6, 24 
microculatus, 6, 24 
militaris, 19 
N./spss22 
pishinensis, 47 
reunionensis, 24 
sanctaecrucis, 37 
setifer, 49 
Spi, 20, 24 
tectonae, 6, 20 

Neotropical zoogeographical region, 25, 36, 48, 
63-68 

Nepal, 24, 61 
Nerves, 33; terminal, 16 
Nervous system affected by DDT, 36 
Nests, 33-35, 36; African, 34; age, 7, 26, 35; an- 

cestral type, 34; Apicotermes, 34, 35, 36; archi- 
tecture, 34; atypical, 25, 34, 36; climatization, 
34; destruction of, 12, 14, 15; double, 34; 
dumps, soil, 34; during floods, 34; ethological 
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material, 3, 353 evolution, 3, 25, 26, 34, 353 
giant, 34; height, 26, 34, 35, 36; homeostasis, 
343 Hospitalitermes, 6; influence fauna, flora, 
34; ingredients of, 9, 27, 34; landscape in, 34; 
logs, in, 19; Macrotermitinae, Asian, ican, 
6; magnetic, 34; mass, per unit surface area, 3; 
material used in road repair, 27; medicine, use 
in, 27; microclimate, regulation, 7; mound, 5, 
13, 34; mushroom-shaped, 34; Odontotermes, 

333 parts of, 34; phylogeny, 35; pinnacled, 34; 
primitive Apicotermes, 3, 26, 34, 35; rate of 
growth, 26; region differences, 34, 35; size, 26, 
34, 35; soil of, 3, 34; structure of, 34; stumps 
in, 19; subterranean, 34; system, 34; temperate 
regions, 35; temperature regulation, 7; tree, 34; 
trees fallen, in, 19; types, 34, 35 (Macro- 
termitinae, 29); underground, 34; vegetation in, 
29; ventilation, 34; volume, 34; walls, types of, 
26, 34, 35; young and old, contrast, 5 

Neurosecretory cells, 33 
New Britain, 21, 24, 70 
New Caledonia, 20, 70 
New Guinea, 8, 21, 24; southern Mabadauan 

savannas, 34, 70 
New Hebrides, 23, 37, 70 
New Jersey, 43, 62, 63, 64; Trenton, 22, 25, 62, 

66, 67 
New York, 67; Albany, 13, 65; Buffalo, 32, 65; 

danger zone, 19; Long Island, 66; New York 
City, 32; State, 8, 15, 22, 24, 46, 66 

New Zealand, 6, 17, 21, 24, 33, 51, 56, 58, 59 

59 
Nitiditermes berghei, 47 
North America, 12, 31, 64 
Noditermes, 33 

festivus, 48 
wasambaricus, 50 

North Carolina, 13, 15, 32, 64, 65, 66 
Northward spread, Europe, 24; United States, 24 
Nourishment organs, feeding apparatus, 33 
Numbat, See Myrmecobius 
Nursery, area, temperature higher, 20; beds of 

palas, 21; poison, 12; region, maximum in- 
crease in heat in, 19, 20 

Nutrition, 6, 35; biology of, 33, 35; degrees com- 
patibility fungi and termites, 35; needs, 29, 353 
organs of, 35; preferential controls production 
various castes, 7; relationship termites and 
fungi, 35; sound yellow pine attacked, 35; 
trophallactic exchanges between sexual and 
larvae, 35 

Nyctotherus silvestrianus, protozoa, probably un- 
important in digestion cellulose, 39 

O 

Oak, cork, 21; piles, 17 
Obituary, 35 
Obtusitermes biformis, 37 
Occultitermes occultus, 47 
Odontotermes (O.), 7, 51 

assamensis, 23 
assmuthi, 9, 15, 21, 48 
badius, 7, 29, 30 
bangalorensis, 19, 24 
brunneus, var. wallonensis, 19 
chicapenensis, 50 
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feae, 18 
flammifrons, 48 
formosanus, 20 
gurdaspurensis, 15, 18, 24 
horni, 19 
javanicus, 51 
kulkarni, 49 
lacustris, 48 
meturensis, 49 
montanus, 48 
nests, 34, 35 
obesus, 4, 8, 18, 19, 21, 24, 29, 32, 33, 35> 

49, 50, 51 
parvidens, 23, 48 
redemanni, 4, 16, 19, 32, 33, 51 
silvaticus, 23, 48 
taprobanes, 19 
wallonensis, 6 

Odontotermes (Hypotermes) obscuriceps, 19, 50, 
51 

Odontoxenus, termitophile, 50, 51 
brevicornis, 51 
butteli, 50 
ceylonicus, 51 
eutermitis, 51 
longesetosus, 50 
paradenyiae, 51 
proximus, 50 
splendidus, 51 
termitophilus, 51 
transfuga, 50 
triarticulatus, 51 

Ohio, 13, 62, 64; Cincinnati, 32; Cleveland, 32; 
Columbus, 32 

Oklahoma, 17, 22, 28, 31, 32, 62, 63, 66; Okla- 
oh City, 43; Ponca City, 25, 67; Tulsa, 25, 

7 
Oleaginous antiseptics, 57 
Olfaction, reciprocal attraction between different 

individuals and density groupings, 26, 41, 42 
Oligocene, 27, 28, 67 
Ontogeny, terminal nerves in course of, 16, 41 
Oocytes, 32 
Ophiotermes, 33 
Oregon, 37, 43, 44, 63, 65; central, 25, 67; Cor- 

vallis, 24; eastern, 25, 67 
Organophosphates, 36 
Oriensubulitermes inanis, 47 

inaniformis, 47 
Oriental region, 36, 47. See also Indo-Malayan 
Orientation, temporary, 7 
Orphnaeus brevilabiatus, centipede, predator, 37 
Orthoptera, development, 30 
Orthotermes, 33 
Osmose salts, 53, 57 
Osage orange, extractives, substance 1, 40; tetra- 

hydroosajin, 40 
Ovaries, mature queen, 32 
Oxygen, toxicity, effect of temperature and ten- 

sion for protozoa, 38 

P 

Pacific Islands, Western, 23 
Pakistan, 4, 13, 20, 22, 23, 24, 37, 38, 47, 48, 

60, 62; East, 22, 24, 47, 60, 61; West, 20, 22, 
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24, 47, 60, 61 (Hoshiarpur, 4; Lahore, 23, 37; 
Panjab, 24, 60) 

Palaearctic zoogeographical region, 33, 49, 68 
Palas, nursery beds of, 21 
Pallothyreus, ant, 37 
Panama, 4, 29, 32, 34, 37, 49, 67, 68; Canal 

Zone, 18, 35, 36, 37, 435 44, 545 555 56, 58, 63, 
64, 67; rainforest, 25; western, 27 

Paper, asphalt, 20; building, 16; newsprint, 26, 35 
Papua, 8, 21, 24; center distribution, 70; Terri- 

tory, 70 

Papuan zoogeographical region, 25, 36, 70 
Paracapritermes hesperus, 48 
Paracharon caecus, whipless whipscorpion, 37; in 

termite nest, predator? 37 
Paradichlorobenzene, 11; soil poison, 44 
Paralysis, 11, 37 
Paraneotermes simplicornis, 20 
Parasites, 35-36; control by, 16; control of, 13; 

ectoparasite, 35; eggs, on, 35; flies, 36; hosts 
of, 20; mite, 36; nest, white ants, 36 

Parastylotermes calico (fossil), 28 
Parathion, 14, 36, 513; acute oral and dermal 

dosages compared with DDT, 52; inhibition 
enzymes, 36 

Paris green, 14; poison bait, applied at time thin- 
ning cotton, 14 

Parrhinotermes khasii, 49 
Parthenogenesis, 8 
Particle board, 56; wood preservatives for, 56, 58 
Particle size, 5; relation to penetration, 5 
Paste on trunks, 15 
Pellets, 22; fossil, 28 
Pennsylvania, 14, 22; Philadelphia, 18, 65 
Pentachlorophenate, sodium, 56 
Pentachlorophenol, 11, 26, 42, 53, 54, 55» 573 

dilution affects results, 11; failed, 42; in pe- 

troleum oil, 55, 56; most effective chemical, 12 

Pericapritermes, 33 
amplignathus, 23, 48 
chiasognathus, 38 
machadoi, 49 
minimus, 50 
urgens, 38 

Peru, 25, 68 
Pest(s) avocado, 16, 20; citrus, 20; control busi- 

ness, 15 (cost, 15; operators, 14, 31, 32); grape, 
20; mango, 21; tea, 20; termites, 3; families as, 
20; termites as, ignored, 6; wheat, 20 

Pesticides, 14, 16, 32, 39, 453 application of, 14, 
45; as repellents, 14; chemicals as, 14; regula- 
tion by U.S. Govt., 32; residues, 39; use with 
care, 16, 52 

Petroleum oil, No. 2, 55; Wyoming, 55 
pH, fungus combs acidic, 29; value in termite 

soil higher, 30 
Phenols, wood preservatives, 56 
Phenylalanine, 9 
Phenyl mercury oleate, 55; in naphtha, wood 

preservative, 55 
Pheromone, ectohormone, secretion, acts through 

mouth functional reproductives, inhibit produc- 
tion supplementary reproductives, 41 

Philippines, 9, 11, 12, 19, 20, 21, 24, 49, 60, 61, 

62; Negros, 21 
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Phoridae, termitophiles, Aenigmatistes, 51; Termi- 
tomyia, 51; Termitostroma, 51; Thaumatoxena, 
51 

“Phosphatase” acids in symbiotic flagellates, 38 
Phosphorus compounds, organic, 46, 52; insecti- 

cides, 14; radioactive, 26 
Phototropism, variation in light, effect, 3 
Phylogenetic persistence, 25 
Phylogeny, 36; Nasutitermes, 36; new genera, 36; 

Subulitermes, 36 
Physida nuda, centipede, predator, 37 
Physiology, 36; general, 71 
Pilanus (pseudoscorpions) pilatus, 37 

pilifer, 37 
Piles, oak, 17; treated, 53 
Pilotermes langi, 48 
Pine, Australian native (Callitris, spp.); 40; 

docks, 17; longleaf, 55; radiata, 20, 21; Scots, 
40; southern yellow, 53, 54, 55; yellow, sound 
attacked, 29 

Pinosylvin, 40 
Pinus radiata, 20, 21; wood preservative treat- 

ments, 54 
Planting hole, treating, 14, 15 
Planting pot, polythene, 15 
Plants, injury to, control, 9, 10, II, 12, 13, 14, 

15, 16, 19, 20, 21; paradichlorobenzene in 
planting holes, 11; stems, decayed, eaten, 35 

Plastics, 40, 53, 54; cellulose acetate, 40, 53 (sus- 
ceptible, plasticized, 53); epoxylines, 40, 53; 
gypsum plaster boards, 54; phenolic laminates, 
40, 53; polyesters, unsaturated, 40, 53; poly- 
ethylene, 53; polystyrene, 40, 53; polyvinyl 
chloride, 40, 53; polyvinylidene chloride, 40; 
resistant to termites, 53 

Pleistocene, 28 
Plywood, addition chlordane or white arsenic to 

glue line, 54; damage by termites, 5; Douglas 
fir, resistance, 57; Karri, 53; preservative treat- 
ment, 53, 58; prevention termite damage, 5; 
treatment, 53; wood preservation, 56, 57 

Poison baits, 11, 14, 40; paris green, 14 
Poison Control Centers, location, telephone num- 

ber, officer, treatment available on 24-hour daily 
basis for poisoning, 52 

Poison dusts, I1, 12, 14, 15, 16 
Poisoning, by methyl bromide, 10, 28; death 

customer not caused by soil poisons, 42, 51; 
orally, dermally, 52; treatment of, 52 

Poisons, compendium information on, 52; diction- 
ary of, 52, 573; economic, 52; wood preserva- 
tives, 57 

Pole test, 54 
Polymorphism, 6, 7, 33 
Polythene, 15 
Population, basis for control, 12; coordination col- 

lective workers, 36; distribution in nests, 34, 
36; in winter, 36; nests, 20, 36; tropical, 36 

Populus, resistant wood, 18 
Porotermes adamsont, 12, 19, 20 
Portugal, 13, 15, 24, 69; Lisbon, 17, 18, 60 
Post-construction treatment, 10 
Posts, black locust, 40; Douglas fir, 40, 53, 54; 

guard rail, 40; highway, treatment, 53; longleaf 
pine, 40; red cedar, 40; round, 40, 54; south- 
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ern yellow pine, 40, 53, 54; square, 40, 53, 543 
tests, Mississippi, 40, 53; U.S., 53, 54, 55 

Postsubulitermes parviconstrictus, 47 
Predators, 5, 6, 7, 27, 37; anteators, 37; ants, 37; 

beetle, carabid larvae: Harpalus aeneus, 
Pterostichus vulgaris?, 37; birds, 37; Bona- 
parte’s sea gulls, 27, 37; carabid larvae, 37; 
centipedes, 37; do not disturb foraging columns, 
6; frogs, 37; lizards, 37; rats, 37; reduviid, 37; 
Reticulitermes, flying, 37; snakes, 37; solpugid, 
37; swarm, few termites survive, 37; wasp, 37 

Pretreatment, pretreat, 9, 10, II, 13, 15, 42, 46; 
California, 15; certification board NPCA, 42; 
dyes, 10; Fort Campbell, Ky., 10; how to sell 
to builders, 10; Navy project, 10; soil poisons, 
10, 13; when to sell to home building market, 
13; wood preservatives, 10, I1 

Prevention damage, 9-16 
Price adjustment, 11 
Probositermes, 33 
Procryptotermes, 24 
Procubitermes, 33, 47 
Profastigitermes putnami, 48 
Promuirotermes, 33 
Propolis, bee glue, protects beehives, 58 
Prorhinotermes inopinatus, 23 
Prothoracic gland, hormones, 6, 26 
Protexol Corp., fire-retardant salts, 
Protozoa, 6, 8, 37-39; absent, 22; amebae, 5; 

beneficial, not all, 22; cytology chromosomes, 
electronic microscope study, 16; diet, interfere 
with termite, 29, 35; effect glandular extirpa- 
tions on Cryptocercus on sexual cycle, 38; effect 
temperature on, 26, 38, 39; effect temperature 
on oxygen toxicity, 38; effect tension on oxygen 
toxicity, 38; effect reciprocal transfaunations 
between roach and termite, 38; effect trans- 
faunations on sexual cycle, 38; flagellate, 22, 37, 
38, 39; indicators of developmental stages in 
molting of Cryptocercus, 38; number, 5; phos- 
phatase acid, 38; reciprocal transfaunations 
between roach and termite, 38; suppression sex- 
ual cycles and death resulting from change 
hosts during molting, 38; symbionts, flagellate, 
38; symbiotic, 38; weight of, 22 

Proventriculus, gizzard, 33; social feeding organ, 

55 
Psammotermes assuanensis, 13, 23 

fuscofemoralis, 13, 23 
hybostoma, 24, 25 
rajasthanicus, 49 

Pseudacanthotermes militaris, 37 
Pseudoergates, 4, 9, 26, 41 
Pseudonymph, 8 
Pseudoscorpions, 37 
Pseudostuga menziesii, resistant wood, 18 
Pseudoworker, 8 
P, fraction, repellent in West Indian mahogany, 9 
Public agencies cooperating in control, 13 
Puerto Rico, 9, 24, 40, 67, 68; tests resistant 

woods, 40; wood preservatives, 58 
Pupa, function pupal stadia in holometabolous 

insects, 5 

Purdue University, conference report, 12; tests, 42, 

43 
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Q 

Queen, imaginal, macropterous, 4, 41; moves 
about in nest, 5, 34; neoteinic, brachypterous, 
apterous, 6, 7, 26, 41; numbers in colony, 6; 
ovaries, 32; secretes liquid, 4; size, 6; young, 
primary, first copulation, fecundity, 4 

R 

Racket, 39; Dry-Cure Engineering Co., 39; in 
termite control, 16, 32, 39; National Better 
Business Bureau’s reports, 39; quackery, 39; 
shields, 54; warning against, 39 

Radiation, cobalt-60, 13, 39; colony life, effect on, 
39; curies, 39; dosages, 39; rontgens, 39; 
strontium-g0, 13; ultraviolet, 26; woodborers 
treated by, 39 

Radioactive: ashes, 39; cobalt, 26; isotopes, 39; 

phosphorus, 26, 39; tagging, 39 
Rain, effect on flight, 12, 27 
Rainforest, Panama, 25 
Ratio, workers and soldiers, 4, 7 
Reaction, attraction, olfactory, 26; larvae, nymphs, 

Neoteinics, soldiers, olfaction, crowding, 26; 
light, 26; temperature, 26 

Real estate agencies, cooperation with, 14 
Rearing, 8, 39; cork, sheet, with cells, 39; damp- 

wood termites, 39; drywood termites, 39; mois- 
ture gradient tubes, end-slotted, 7, 39; mois- 
ture, minimum, optimum, 39; plaster paris, 
with sawdust, 39; subterranean termites, 39; 
temperature, 39; termite houses, 39; Termitidae, 
culture methods must be developed for, 8; 
tubes, glass, 39; wood, moist in glass jars, 39; 
wooden nests, 39 

Redwood, California, foundation grade, 40 
Regeneration behavior, 3, 40; nest structures, 34, 

40 
Regions, temperate, 27; tropical, 17, 18, 20, 35, 

54, 70, 71 
Regression, 41 
Repellents, termite, 9, 10, 11, 12, 14, 16; aerogels, 

silica, 9, 10, II, 12; chemicals as, 14; organic, 
16, 58; phosphorous, 14; Pe refraction, 9; soil 
poisons, 42-46; waxy-white substance, 9; wood 
preservatives, 53-59 

Reproductives, sexuals, apterous formation, 7, neo- 
teinic, 8; origin, 7, 9; primary, functional, 41; 
replacement, 7; supplementary, 6, 7, 26, 41 

Report, termite, 10, 13; must not misrepresent, 13 
Research, 7, 13; data evaluated, 11; methods, 

wood products, 15; results, new, 5; southern 
US., 13 

Residues, 14, 29, 39, 44, 45» 51 
Resistance in termites to insecticides, 14, 36, 43 
Resistance in woods, 8, 10, 13, 14; natural, 8, 10, 

13, 14, 40; treated, 53-59 
Resistant woods, 8, 10, 13, 14, 15, 16, 18, 40; 

cost, 15; extractives, 40; natural: Africa, 40; 
Australia, 13, 40; California, 40; Canary Is- 
lands, 40; hardwoods, 40; Puerto Rico, 40; 
United States, 8; West Indies, 40; world, 40; 
tests: Australia, 40; Europe, 40; field, 40; Ger- 
many, 40; Mississippi, 40 

Responsibility, builder’s, 46; home owner’s, 46 
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Reticulitermes, 4, 7) 11, 12, 19, 27, 36, 37, 50 
clypeatus, 50 
eastern U.S., 4, 8 
European, 5 
flaviceps, 27 
flavipes, 4, 7, 13, 14, 15, 18, 20, 23, 24, 25, 

27, 29, 31, 35, 36, 37, 38, 39, 44, 46, 57 
fukiensis, 36 
hageni, 4, 22, 24, 25, 44 
hesperus, 5, 6, 7, 8, 19, 20, 21, 24, 25, 26, 

30, 35, 39. 43 
laurae (fossil), 28 
lucifugus, 3, 4, 5, 6, 8, 12, 13, 15, 17, 18, 

20, 21, 23, 24, 26, 30, 36, 38, 40, 48, 50 
subsp., var. santonensis, 4, 12, 18, 20, 23, 35 
santonnensis, 3, 8, 16, 36 

spp. 29 
spp., morphology soldiers, Europe and Near 

East, 4, 9 
tibialis, 25 
tibialis dubitans (fossil), 28 
virginicus, 7, 20, 24, 27, 20, 35 
western, II 

Retortamonidae, protozoa, 37 
Retortamonas termitis (protozoa), 37 
Reviews, 41 
Rhinotermitidae, 22, 25, 30, 31 
Rhode Island, 27, 46, 66; Providence, 27, 67 
Rhodiatox, 14 
Rhynchoestus weissi, 36; ectoparasite, 36 
Rhynchomyia anterotes, calliphorid parasite, 36 
Rhynchotermes nasutissimus, 25 
Ribonucleic acid, RNA, 30, 32 
RNA, ribonucleic acid, 30, 32 
Rodding holes, 14 
Rodiaclor, 14 
Roof, from, 15; in, 11 
Rostrotermes cornutus, 38 
Royal chamber, or cell, 4, 34; composition, 34; 

with unusually large openings, 8, 35 
Rubber, insulation, 11 
Rubber trees, control, 14; damage to, 14; new 

plantings, 19 
Rugitermes laticollis, 49 
Rumania, 3, 6, 23, 24, 38, 68, 69 
Ruminococcus, 3 
Russia, Union Soviet Socialist Republics, U.S.S.R., 

15, 19, 68, 69 
Ryania speciosa, wood toxic, 40 
Ryukyu Islands, 23, 61 

S 

Saline solutions, mortality when termites treated 
with, 26 

Saliva cements clay of nests, 34 
Sand barrier, 15 
Sanitation, 10, 13, 14 
Santo Domingo. See Dominican Republic 
Sarawak, 47 
Sardinia, Sardegna, 21, 69 
Saudi Arabia, 10, 19, 22, 68 
Savanna, Africa, 5, 23, 30, 37; New Guinea, 34; 

role of termites in, 5; vegetation, Africa, 5; 
woodland area, Australia, 20 

Sawdust, test of, from different species wood, 40 
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Scavengers, 37, 51 
Schedorhinotermes browni, 23, 48 

lamanianus, 20 
S. (Schendylotus) integer, centipede, 37 
Schisophytes, bacteria, 3; Spirochaeta hilli, 3; S. 

minet, 3; S. termitis, 3; Fusiformis termitidis, 
3; F. Aillt, 3 

Scoloparia, sound detecting organs on legs, 46 
Scutigerella immaculata (milleped), 45 
Secretion(s), ectohormones, 41; endocrinal gland, 

41; exohormones, nonspecificity, 41; neurosecre- 
tion and sexuality, 41; olfaction, reciprocal at- 
traction between castes, 41; pheromones, 41; 
trail forming by gland, 8, 41 

Seminal vesicles, 30 
Sense organs, 41-42; chordotonal organs, anten- 

nal, 42; cytology terminal nerves, 41; neuro- 
sensorial organs, on legs, 41; olfaction, 41, 42; 
on feet, 41; peripheral sensorial cellules, 41; 
regression number and size accompanies de- 
velopment pseudoergates, 41 

Serratia marcescens, 3, 16, 36 
Sex, phallic organs. See Genitalia 
Sexual cycles, flagellate protozoa, hormone in- 
ae 37; suppression of and death protozoa, 

3 
Sexualized, sexual maturation, 7 
Sheathings, cable, 11 
Shields, metal barriers, 8, 11, 12, 13, 14, 15, 42, 

46, 54; Australia, 13; BRAB recommendations, 
11, 12; California, not necessary, 15; designs, 
42; FHA recommendations, 42; Florida, war- 
ranty eliminated by installing cheap, 46; instal- 
lation, 42; material, 42; Solomon Islands, 12, 
42; southern US., 8 

Ships, introduced in, 31 
Silica, aerogel, 9, 10, 11, 12, 16; gels, 16 
Sinella termitum, springtail, 51 
Slab(s), concrete, type house, 13, 14, 15, 173 

concrete, no barrier, 17; device for subslab in- 
jection, 14; floating, 15; monolithic, 15; pre- 
treating, 14; supported, 15; treating, 13, 14 

Snakes, eggs, 6; predaceous, 37 
Sodium arsenate, 55 
Sodium arsenite, 10, 43, 53 
Sodium fluoroacetate, 51 
Sodium fluosilicate, 11, 43 
Sodium pentaborate, 58 
Sodium pentachlorophenate, 26, 42, 56 
Soil, acidity, 44; application rate chemical high, 

longer persistence in, 45; calcareous, 15; char- 
acteristics, 14, 46; chemical application, 14, 
cohesive, 14, 16; cohesionless, 46; conver- 
sion chemical in, 43, 44, 45; cultivation, lack 
of, longer persistence chemical in, 45; dry, 
chemical persists longer in, 45; dumps, 34; 
evolution, 9, factors affecting persistence chemi- 
cals in, 44; fertility: effect chemicals on, 
15; effect mound-building termites, 21, 30; 
frozen, 45; fumigant, 28, 29; iron in de- 
composes DDT, 44; loads on clay, sand, 14, 
46; loam, 45; macroscopic structure, 46; 
microorganisms in, 30, 45; moisture, 45, 46; 
mounds not altered chemically, 9; organic 
content high, chemicals persist longer in, 45; 
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particle size, 5; penetration, chemicals, 14; 
permeability, 46; persistence chemicals in, fac- 
tors, affecting, 42, 43, 44; plasticity, 14, 16; 
shrinking, 14, 46; solidify, 14; sterilization 
microorganisms in, cause chemicals to persist 
longer in, 45; strength, 14, 46; structural safe- 
guards use chemicals, 14, 46; swelling, 14, 46; 
temperature low, chemicals persist longer in, 
44, 453 termites and, 5, 6, 30, 43, 44; texture, 
43, 46 (in mounds, 9, 30); types, 45, 46 (alka- 
line, 44; clay, 16, 43, 46); gravel, 46; loam, 45, 
46; muck, 44; sand, 43, 45, 46; sandy, 44, 46; 
silt, 45, 46; turf, 45; void ratio, 14, 46; water 
content, clay, dry, 46 

Soil poisons, barriers, 9, 10, II, I2, 13, 14, 15, 
19, 26, 42-46, 51; action, decreasing speed, 44; 

Africa, 43; aldrin, 9, 12, 14, 15, 42, 43, 44; 
45 (and dieldrin 42); alkaline soil, effect, 44; 
alternate drying and wetting soil, 44; analysis, 
45; application, 42, 43, 45, 46; aqueous solu- 
tion, 42, 44; arsenic, 12, 54; Australia, 13, 42, 
43; benzene hexachloride, BHC, 11, 14, 19, 43, 
44; care in, use, 16, 46; certification board, 
N.P.C.A., pretreatment, 42; chemicals, 43, 44, 
45, 46; chemical conversion in soil, 43, 44, 45, 
46; chlordane, 11, 14, 42 (dust, 16, 45; emul- 
sion, 12, 13, 14, 15, 16, 46); chlorinated hydro- 
carbons, 15, 42, 43, 44, 45, 46 (deteriora- 
tion, 44, 46); chlorohepton, 42; climatic factors, 
45; clinical memoranda, 42; collar around, 
14; concentrations, 42, 43, 44 (increased, 44; 
decreased, 43); creosote, 42; cultivated soils, 46; 
DDT, 11, 14, 42, 44, 45 (and BHC mixture, 
19; and toxaphene mixture, 11, 19); death 
not result use, 42, 51; decomposition, 44, 45, 

46; dieldrin, 9, 11, 12, 14, 15, 42, 43, 44 
(dust, 43; emulsion, 14, 15, 16; and DDT 
and BHC mixture, 11); disappearance, factors 
causing, 44; dispersion: in soil, 44, 45, 46; in 
concrete blocks, 11; dosages, 10, 42, 43, 44, 45 
(should not be lowered, 44); drilling, 10, 46; 
effect on physiology insects, 46; ethylene dibro- 
mide, 42, 43; 46; evaluation, 44, 46; evapora- 
tion of, 44; FHA recommended, 42, 43; fine- 
grained soil, injection, 14, 46; Forest Service, 
43 (approved, 42, 43; tested, 44); fumigants, 
with, 43, 46; granularize coarse sand, soaking, 
14, 46; grass bait, 11, 43; hazards, 45; hepta- 
chlor, 43, 44, 45, 46; India, 44; laboratory eval- 
uation, 43; lindane, 42, 45; losses, 46; methyl 
bromide, 42; organic insecticides, 43, 44, 45, 
46; parathion, 14; penetration, 44, 46; 
pentachlorophenol, 42; percentages, 42, 433 
persistence, 42, 43, 44, 45, 46; physiology in- 
sect, effect on, 46; pipes for retreatment, 46; 
poisoning, first aid, 42, 43; pretreament soil, 
42, 43, 46 (cost, 42, 43); products of degrada- 
tion, 46; proprietary, 42, 43; recommendations, 

42, 43; research, 45, 46; residual, 43, 44, 455 
resistance, 43, 45 (factors affecting, 45); re- 
sponses, 46; retention, 46; rodding, 14, 43; safe- 
guards, structural, 46; screening, 46; slab 
houses, 42, 43, 46; slab-treating demonstration, 
42; sodium arsenite, 43; sodium fluosilicate 
grass bait, 11, 43; sodium pentachlorophenate, 
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42; soil, dispersion in, 45 (moisture, 45, temper- 

ature, 45; texture, 43, 46; types, 44, 45); 
spread, 45; surface treatments, 42, 43; tech- 
nique for tests, 46; tests: Forest Service (Canal 
Zone, 44; Georgia, 45; Kansas, 45; methods for, 
46; Mississippi, 43, 44; Purdue, 44; U.S. mid- 
western, 45; Wisconsin, 45); tetrachloroben- 
zene, 425 toxic to animals, plants, 43, 443 tox- 
icity, 43, 44, 46 (comparative, 44; variation in, 
43); trench, 42, 43; trunk, about, 14; vapori- 
zation, 44; vegetation, effect on, 43; volatiza- 
tion, 44; water content of clay and dry soils, 
effect of building on, 46; water solution, 42, 44 
(suspension, 43); wetness soil will vary dosage, 

44; world, 45 
Soldiers, brain, 33; chaetotaxy, 33; major and 

minor, 333 morphology, 32, 33; origin, 69; 
production, 6; ratio to workers, 4; replacement, 
6; struggle with ant soldier, 37; suppression, 6; 
transform from workers, 8 

Solomon Islands, British, 12, 18, 34, 42; Guadal- 
canal, 48; Rennell Island, 23, 70; wood preser- 
vation, 56 

Solpugid, predator, 37 
Solvents, 16; organic. 54 
Sound, 3, 46-47; production, 3, 46-47 (Isoptera, 

46; Termitidae, 46); reception, 3, 46-47 
South America, 31, 67 
South Carolina, 51; Charleston, 17 
Southern Building Code Congress, 8 
South Pacific Territories, 20, 70 
Spacing, closer, for control, 14 

Spain, 13, 18, 24, 36, 45, 69 
Species termites, ethological, 48; importance, Phil- 

ippines, 18; number: Africa, 49 (Belgian 
Congo, 48; East, 24; Kenya, 49; Nyasaland, 49; 
Tanganyika, 49); Australia, 20; Brazil, 22; 
Guinea, Portuguese, 23; India, 27; Indo-Malaya, 
47; Malaya, 48; Pakistan, Lahore, 23; Philip- 
pines, 49; Smithsonian collection, 47; Solomon 
Islands, 48; Venezuela, 49; West Indies, 49; 
world, 47; Zoological Museum, Hamburg, 50 

Specifications, special, 14. See also Building codes, 
Control, Wood preservation 

Speculitermes cyclops cyclops, 49 
cyclops sinhalensis, 49 

Sperms, trophic material for, 32 
Sphaerotermes, nests, 343 sphaerothorax, 2522) 
Sphecophila ravana, cockroach, in colony, 50 
Spherophorus, intestinal bacterium, French ter- 

mite, 3, 26; toxic or allergenic, not infectious, 

3, 26 
Spherules, 30; anucleated, in seminal vesicles, 

reproductives, 30, 32 
Spirachtha, termitophile, 51 
Spirachthodes, termitophile, 51; Old World, with 

exudatory abdominal appendages, 51 
Spirochaetes, bacteria, 3 
Spirotrichonympha, protozoan, 38 

crinita, N. sp., 38 
flagellata, 38 
segmentata, 38 

Spraying trunks, 15 
Spurs, tibial, formula (3:2:2), 33 
Stadia, stages, function of pupal, holometabolous 

insects, 5 
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Stakes, tests, Canal Zone, Panama, 54, 55, 56; 
Florida, 54, 55, 56; International Termite Ex- 
posure, 55; 58; Louisiana, 54, 55, 56; Missis- 
sippl, 53, 54, 55, 56; southern yellow pine, 53; 
Wisconsin, 54, 55, 5 

Standards, control, en II 
Staphylinidae, termitophilous, 50, 51 
State, human, 6; insect, 6 
Statistics, wood preservation, 53, 57 
Stephanonympha havilandi, 38 
Stigmergy, 3 
Stimuli, olfactory, 3 
Stolotermes ruficeps, 6, 33 
Stomorhina (Calliphorid parasite) discolor, 36 

lunata, 36 
luteigaster, 36 

Strontium-90, 13 
Structural alterations, 11 
Structural Pest Control Act, Board, Commission, 

California, 28, 31, 32; Florida, (1959), 31; 
fumigation, 28; North Carolina, 32 

Stucco, digestion, 22 
Stylotermes, 48 

bengalensis, 48 
fletcheri, 48 
revision, 48 

Stylotermitinae, 48 
Subslab injection, pressure device, 14 
Subterranean termites, 11, 12, 13, 15, 17, 18, 20, 

21, 28, 29, 46, 56, 57; Africa, 21; British 
Columbia, 15; eastern U.S. group, 4; fumiga- 
tion, 28; Hawaii, 17; introduced in ships, 31; 
mutualism with fungi, 29; Philippines, 18; 
western, II 

Subulitermes, 47, 49; branch, 36, 47; new genera 
related to, 47 

Sugarcane, damage to, control, 4, 9, 13, 14, 15, 
21; cuttings, 12, 14; setts, 15 

Sulfuryl fluoride gas, Vikane, 28, 29 
Sumatra, 6, 23, 61 
Superorganism, colony as, 47 
Supplementary reproductives, neoteinics colony 

formation by, 8; development influenced neither 
by diet nor ectohormones, 7; inhibition, 26, 41; 
Kalotermes flavicollis, 26; molting, 26; Reticuli- 
termes, 7, 8, 41 

Surinam, 20, 67 
Swarm. See Flight 
Swarmers. See Alates, winged 
Swietenia mahagont, mahogany, West Indian 

resistant wood, 9, 40 
Symbionts, 22, 38; flagellates, 38; protozoa, 38 
Symbiosis, 7, 13, 22; bacteria, 22; double, 5; 

evolution of, 5; fungi, 22; with intestinal pro- 
tozoa, 5, 22 

Synacanthotermes angolensis, 50 
Syncarpia laurifolia, resistant wood, 40 
Syntermes, 12, 20 

dirus, 32 
Synthesis, 25, 38 
Systematics. See Taxonomy 

T 

Tamandua, anteater, 37 
“Tanalith U,” fluor chrome arsenate phenol, 53, 

55, 58 
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Tarpaulins, 28; plastic films as, 29 
Tarditermes contracolor, 47 
Tax, loss deductibility, 16, 17; greater leniency, 

16, 17 
Taxifolin extractive, 40 
Taxonomy, 7, 47-50; classification, 47, 49; fossil, 

27, 28; living, 7, 47; synonymy, 47 
Teak, colonies in dead branches in crown, 6; re- 

sistant wood, 40 
Tectona grandis, teak, 40 
Tectoquinone not entirely responsible for dura- 

bility teak, 40 
Teleonomic processes, 25 
Temperature, 8, 50; adjust to, 7, 50; ambient, 20; 

cold, 7, 50 (stupor, 50); colony, 8; effect on 
protozoa, 26, 39, 50; heat, 7, 50; in mounds 
less, 5, 50 (regulation, 50); “nursery” area in 
living trees, heat increase in, 19, 20, 503; soil, 
45; variation in, effect, 50; warmer in mounds 
in winter, 5; winter- or cold-hardy, 50 

Tennessee, 28, 31, 32, 63; Memphis, 43 
Tension, effect on oxygen toxicity for protozoa, 38 
Tenuirostritermes incisus, 20 

tenutrostris, 26 

Termes feae, 19 
fukiensis, 36 
hospes, 7 
tridipennis, 48 
lucifugus, 36 
(C.) maledictus, 23, 48 
melindae, 48 
obesus, 20 
winifredae, 51 

Termitacarus cuneiformis, white mite, termito- 
phile, 51 

Termitaria (see also Nests), bacteria of, 3; brush, 
in, 33; do not communicate directly with ex- 
ternal air, 30; giant, 26; ingredients of, 9, 303 
massive, 34; no fungus garden, 34; no ventila- 
tion, 30; plains, on, 33; savanna, 33; soil, action 
on, 34; soil of, 3; walls, air diffused through, 30 

Termite(s), alien in Cuditermes nests, 5; biology, 
4-8; colonizing, 15; desert, 5; destroyer, the, 
18; Formosan, 21; French, 26; Hamburg, 7; 
ignored pests, 6; Japanese, 5; life of, 4-8, 12; 
numerous, where least and most, 22; origin, 
probable, 5; persistent, 18; pest, 20; primitive, 5, 
32; problem, 18; relax, 26; tropical, 19; turn 
black, 26; types, different, world, 12; war on, 
12; waterline, 29; whole, extracts of, break 
down undenatured chitin, 22; winter location, 
below frost line, 50 

Termite contro! firms, number, 17 
Termite control operator, cooperation with real 

estate agencies, 14; “not responsible” for death 
customer following treatment chlordane, 51; 
State license requirements, 31, 32 (cost, 31) 

Termite-proofing, 10, 11, 13; building founda- 
tions, 11, 13; built in, 14, 58; injures shade 
trees and shrubs, 20; plywood, 56, 57; textiles, 
56, 58; treated wood building, Barro Colorado 
Island, Canal Zone, Panama, 58; wood preser- 

vation, 53, 54 
Termiticides. See Soil poisons. 
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Termitidae, 5, 7, 22, 25, 30, 31; African, 30; 
culture methods must be developed for, 8; 
humivorous, 30; most primitive, 7 

Termitina, 27 
Termitinae, 7, 25, 30, 33, 36, 38, 47 
Termitometopia, (termitophile) skaifei, 51 
Termitomyces, 5; agaric, 29; microcarpus, 7; 

mushroom, 5; source of vitamins, 7; symbiosis, 

72 29 
Termitomyia, 51 
Termitophiles, commensal, guests, inquilines, 5, 

7; beetles, 51 (cetonid, 6, 51; chafer, 50; 
Coprinae, 51; ptinid, 6; staphilinid, 50, 51); 
birds, 50 (cotinga, 50; jacamar, 50; king- 
fishers, 50; parrots, 50; puff-birds, 50; trogon, 
50; classification, 51; cockroach, 50; collem- 
bolan, 51; distribution, 51; flies, 51 (phorid, 
51; sarcophagid, 51); Hemipteron, 37; host 
relationships, 51; insects, morphological classi- 
fication, 51; mites, 51; phylogeny, 51; relation 
between intestinal flora and soil, 50; snake eggs, 
6; solpugid, 51; termites, 51; Triatoma, 51; 
world, 51; zoogeographical significance, 51 

Termitophilus, 50 
Termitophrya, ciliate infusoria, 38; africana, 38; 

commensal ciliate infusoria, 38; humus-feeder 
ciliate, 5 

Termitostroma, termitophile, 51 
Termopsidae, 49 
Test(s), 26; animal, 26; antitermite, 56; field, 

soil poisons: Australia, 42; Canal Zone, Pan- 
ama, 44; Georgia, 45; Kansas, 45; Mississippi, 
43, 44; Purdue Univ., 44; U.S., midwestern, 
45; Wisconsin, 45; field, wood preservatives, 
53-59: Australia, 53, 54, 56 (Canberra, 53; 
Queensland, 54; western, 54); Canal Zone, 
Panama, 54, 55, 56 (Barro Colorado Island, 
56, 58); International Termite Exposure, 55: 
Mississippi, 54, 55, 56; United States, 53-59; 
laboratory, wood preservatives, 53, 54, 56: 
Australia, 53, 54, 56; Czechoslovakia, 56; 
Georgia, 57; Germany, 56; Puerto Rico, 58; 
new method, 57; textiles, 58 

Testis, king, 16 
Tetrachlorobenzene, 42 
Tetrachlorophenol, 55 
Tetrahydroosajin, 40 
Thaumatoxena, 51 
Theobroma carao, 21 
Thiodan, carburetted hydrogen gas, 12, 26; toxic 

effect, 26 
Thoracotermes brevinotus, 30, 34 

lusingensis, 48 

type, 33 
Texas, 17, 24, 28, 29, 31, 32, 42, 46, 62, 66, 67; 

city ordinance, 32; forested areas, old, 13; Gal- 
veston, 32, 66; Houston, 28, 29, 31, 32, 63, 64, 
65, 66; La Marque, 32, 66; La Porte, 32; 
Pasadena, 32, 66; San Antonio, 32, Texarkana, 

17 
Threshold infestations, 13; killings, 57 
Tibia(e), 33, 46; spurs, 33 
Ties, railroad, 19 
Tile, floor, removal, 13; replacement, 13 
Time, duration, appreciation of, 7 
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Toxaphene, 11, 51; DDT mixture, 19; failed, 14; 
toxicity, 52 

Toxicity; acute dermal higher than oral, 52; al- 
drin in, 52; chlordane, 51, DDT, 52; dieldrin 
to man, 51, 52; malathion, 52; oxygen for 
protozoa, 38; parathion, 52 

Toxicology, 51, 52; acute oral and dermal lethal 
doses, 52; antidotes, 52; clinical memoranda 
on economic poisons, 51; first aid, 52; hazards, 
52 (fogging, 51; manufacturer, 10, 28, 52; 
user, 10, 28, 52); label, read, 52; physiological 
action, 51, 523; precautions, 51, 52; protection, 
51; relative, 52; residues, 51; safety, 52; symp- 
tomatology, 52; textbook, 52; toxicity, 51, 52 
(relative, 52); treatment, 51, 52 

Trachaea, 33 
Trade, restraint of, 16 
Trade associations, California, 9 
Trade secrets must not be disclosed, 16 
Trail laying, 8 
Transcaspia, 6 
Transfaunations, effect on sexual cycle protozoa, 

37, 38; reciprocal protozoan between cockroach 
and termite, 38 

Transplantation endocrine organs, 26 
Treated lumber, 8, 10; in FHA Minimum Prop- 

erty Standards, 56; southern standard building 
code, 8 

Treated wood, 10, I1, 53-59 
Triatoma, 51 
Trichonympha (protozoan), agilis, 38 

a. var. danubica, 38 
a. var. japonica, 38 
chattoni, 38 
fertilization in smaller species, 38 
grandis in Cryptocercus, fertilization, 38 

most effective digesting wood, 22 
serbica, 38 

Trichlorobenzene, 56 
Trichostetha fascicularis, 

scavenger, 51 
Trichotermes villifrons, 38 
Trieste, 23 
Trinervitermes, 34 

arabiae, 23, 48 
biformis, 18, 24, 51 
eldirensis, 48 
heimt, 15, 21 
nests, 12, 36 
nigrivostris, 49 
tchadensis, 33 

Trinidad, 40; Port-of-Spain, 31 
Trogoderma ornatum, 373; scavengers, 37 
Trophallactic exchanges, 26, 35, 39 
Trophallaxis, 7, 35 

Tropic(s), 17, 18, 20, 35, 54, 70, 71; African, 6, 
14, 30, 34, 37, 71; general, 70; India, 31; 
region, 36 

Tropisms, 3, 23; geotaxis, 7; phototaxis, 7 
Truck, equipment, 12, 13, tank, 12 
Trunks, paste on, 15; spraying, 15 
Tuberculitermes, 33 
Tubes, tunnels, destroy, 13; in Tropics, Africa, 5, 

35; over chemically treated wood, 57 
Turkey, 23 

green protea beetle, 
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Turkmenia, 6, 18, 24, 69 
Types, Zoological Museum, Hamburg, 50 
Typhlopidae, snakes, 37 
Typhloponemya (staphilinid termitophile) khan- 

dalae, 50 
?termitophilus (ant guest), 50 

Tyroglyphid parasite, 36; termitophile, 50 
Tyrolichus casei parasitic mite on Kalotermes 

flavicollis, 36 

U 

Union Soviet Socialist Republics (U.S.S.R.), Rus- 
sia, 15, 19, 68, 69; Golodnaya Steppe, 11, 23; 
Moscow, 16, 22, 68; Odessa, 16; Turkmenia, 6, 
18, 24, 69 

United States, 4, 6, 8, 9, 10, II, 12, 13, 14, 15, 

16, 17, 18, 19, 20, 21, 22, 24, 27, 28, 29, 31, 
35, 36, 37, 38, 39, 42, 43, 44, 45, 46, 48, 49, 
50, 51, 52, 53, 54, 55» 56, 57, 58, 62-67; 
midwestern, 43, 45, 65; northern, 17, 50; 
southern, 13, 15, 63, 64; southwestern, 16, 21, 
64, 67; western, 20, 21 

United States Government, 32, 43; Dept. Ag- 
riculture, 32, 43 (Forest Service, 57, 58); 
Health, Education, and Welfare, 32 

Uruguay, Montevideo, 37, 67 
Uses, in industry, arts and religion, 53; Africa, 

Abyssinia, Somali huts built of earth termite 
mounds, hard, ant-proof, 53 

Utah, Logan, 25, 67; Pleasant Grove, 25, 67; 
Provo, 25, 67 

Vv 

Veterans Administration, approval home loans, 11; 
inspection form, wood-destroying organisms, 

15, 54 
Vapor barriers, 10, 11, 14, 15, 16, 433 asphalt, 9 

(impregnated building paper, ineffective, 16; 
saturated felt, 11; treated, chlorinated hydro- 
carbons, 14); cost, 11, 15; crawl-space houses, 
11; poisoned, 10; polyethylene, 43; roll roofing, 
45) 1b:; 11 

Vapor toxicity, dieldrin, 9 
Vaseline-based serving containing arsenic for 

cables, 11 
Vegetation, in nests, 6, 29, 34; African savanna, 

5; living damage to, soil poisons, 43 
Veld, Africa, damage to grassland, 11; poison 

baits, 11; reclamation, 11 
Velocitermes bolivari, 49 
Venezuela, 15, 20, 40, 49, 67, 68; Zaraza, 51 
Ventilation, in control, 10, 13, 14; in nests, 34 
Verrucositermes tuberosus, 47 
Veterans Administration, 11, 15 
Vietnam, 61; Cambodge, 34; Mekong plain, 34; 

Mekong paddy fields, 34 
Vikane, sulfuryl fluoride (SO:Fs), 28, 29 
Vineyards Calotermes flavicollis, 20; Kalotermes 

fiavicollis, cuts life vine stock from 80 to 40 
years, 18, 20 

Vitamins, 7; Termitomyces microcarpus, source of, 

7 : 
Vulnerable houses, slab on ground 10 times more, 

17; suspended floor, next, 17; crawl-space house 
with piers 3 ft. above ground least, 17; con- 
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crete block, 75% infested within 3-5 years; 
Eastern Shore, Del-Mar-Va. Peninsula, crawl- 
space less susceptible, 2%  slab-on-ground 
type, 18 

Ww 

Warfarin, 51 
Washington (State), 43, 63 
Washington, D.C., 37, 62 
Wasp societies, 6 
Water, 7; accumulation of, 13; building, effect of 

on water content of clay and dry soils, 14, 46; 
loss of, 4, 12, 30; suspensions, 15; transporta- 
tion in nest, 34 

Water gas tar, 55 
Wax disrupted, 12 
Weight, loss of, 12; protozoa, percent of termite, 

22 
Weight volume more accurate soil toxicant dos- 

ages, 44 
West Indies, 31, 49, 67 
West Virginia, 17, 64; Monongalia County, 25, 67 
Whipscorpion, whipless, 37 
White ants. See Termites 
Wing shedding, 32 
Winged. See Alate 
Wire, resistant insulation, 11, 26 

Wisconsin, 32, 45, 50, 54, 55, 56, 63, 65, 66, 67; 
Douglas County, 25; Madison, 54, 55, 56; 
Milwaukee, 32, 66; Sheboygan, compulsory 
control, 32, 66; Superior, 25 

Wolman salts, 54, 57; Minolith, 54, 57; Tanalith, 

53 
Wood(s), 15, 18, 19, 34; black dyed preferred by 

termites, 7, 35; burning, 13; decayed, 35; 
fallen, 19; in contact with ground, 56; list 
world, 40; live woodeater, 20; products, 18; 
resistant to termites, 8, 10, 13-16, 18, 40; sound 
attacked, 29; pest of, 18; termites don’t eat, 39; 
pest of, 18; water-soaked, 29 

Wood-boring insects, control by radiation, 39; re- 
sembling termites, 48 

Wooden articles, 4; structures, 19 
Wood Handbook, U.S.D.A., 54 
Wood preservation, 11, 12, 13, 14, 3I, 52, 53-593 

availability treated lumber, 53; board: hard- 
board, 53; particle, 56; Building Research Ad- 
visory Board, reports, 56; chemical basis, 58; 
concentrations, 57; conservation wood, 57; cost, 
54, 56; dip-diffusion, 54; double diffusion 
process, 55; FHA Minimum Property Stand- 
ards, treated lumber alternate control, 53, 56; 
home construction, 57, 58; impregnation, 53, 

54, 55, 56; length life, 53, 54, 55, 56, 58; 
licensed, should be, 31; list companies, 53; loca- 

tion plants, 53; lumber, 53, 54, 56, 57; mainte- 
nance properties, 53; methods application, 57, 

58; penetration, 54; piles, 53; plastics, 53, 54; 
plywood, 53, 57, 58; poles, 57; pressure im- 
pregnation process, 53, 54, 573; production by 
industry, 53, 57; prolonging life buildings, 53, 
56; protection homes, 44, 56 (outlive mortgage, 
53); recommendations, 57, 58; retention, 55, 
57; sills, pressure treated, 54, 58; simple cheap 
methods, 53; specifications, 58; statistics, 53, 57; 

SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

study, accelerated, 57; substructure, pressure 
preserved lumber, 54; superficial methods: 

brushing, 54, 56; dipping, 53, 54, 57, 583 
spraying, 53; surface treatments, 53, 543 tests: 
Australia, 53, 54, 56; Barro Colorado Island, 
56; Canal Zone, Panama, 56; Florida, 54, 55, 
56; International Termite Exposure, 55, 58: 

Louisiana, 54, 55, 56; Mississippi; 53, 54, 55, 
56; Puerto Rico, 58; Wisconsin, Madison, 54; 
55, 56; textiles, 56, 58; ties, cross, 57; timber, 
53, 56, 57, 58; toxicity chemicals, 52; water- 
borne preservatives, 53, 55, 57; wood pressure- 
treated in home, mechanical control, 57; wood 
products, volume, 57, 58; wood waste, resin 
bonded, 57 

Wood, preservatives, 15, 53-59; aldrin, 53; ar- 
senic pentoxide, 53 (white, 54); arsenious 
oxide, 56; blue camphor oil, 58; Boliden salt, 
53, 553 borax-boric acid, 55; boric acid, 55, 56; 
camphor oil, 58; Celcure, 53; Chemonite, 53, 
54; chlordane, 53; chlorinated naphthalene, 55, 
56; chromated zinc chloride, 54, 56 (copper- 
ized, 57); coal tar, 53; coal tar creosote, 53, 54, 
55, 56; comparison, 54, 55, 56; copper com- 
ponent desirable, 57; copper naphthenate, 55, 
57 (in petroleum oil, 54; sulfate-sodium ar- 
senate, 55), crankcase oil, 55; creosote, 53, 57 
(coal tar, 53); solutions, 53); creosote and coal 
tar, 53, 57; crankcase oil, 55; pentachoro- 
phenol, 53, 57; petroleum oils, 53, 57); cre- 
wood, 53; dieldrin, 53; Ferox process, 56; fire 
retardants, 53, 54, 55 (history, 56, 57); fluoro- 
borate-chromium-arsenic mixture, 54; fuel oil, 
No. 2, 55; liquid, 53, 57; oil solvent, 55, 56, 
57; oleaginous antiseptics, 57; organic solvents, 

54; Osmosalts, 53, 55, 57; Osmose, 55; penta- 
chlorophenol, 53, 54, 55; pentachlorophenol 
and crankcase oil, 56, 57 (and petroleum oils, 
55); percentages, low, 56; petroleum oil, 55; 
phenols, 56; phenyl mercury, oleate, 55 (in 
naphtha, 55); preservatives, other, 55; propolis 
(bee glue), 58; sodium arsenate, 55; sodium 
arsenite, 53, 54; sodium pentaborate, 53, sodium 
pentachlorophenate, 56; study, accelerated, 
57; Tanalith U, 53, 56, 57, 58; tests posts, 40, 

53, 54, 55 (stakes, 53, 54, 55, 56); tetrachloro- 
phenol and crankcase oil 55; toxicity, 52; types, 
54; vinegar, 56; water-borne, 53, 55, 57; water 
gas tar, 55; Wolman salts, 53, 57; Woodtreat- 
T.C., 11, 56; Wyoming residual petroleum 
oil, 55; zinc chloride, 53, 56; zinc chloride and 
arsenic pentoxide, 53; zimc meta arsenite, 55, 
57; zinc naphthenate, 55 

Woodtreat-T.C., 11, 13, 56 
Woodworm, 5 
Worker, 16; Anoplotermes, 16; chaetotaxy, 33; 

length life, 8; major and minor, 33; morphol- 
ogy, 32, 33; mest construction, coordination 
work, 36; pseudoworker, 8; sexualized: in 
Reticulitermes, 8; in Termitidae, 7; stimulation 

of, 3 
World, 8, 12, 13, 16, 18, 19, 21, 25, 40, 45, 51, 

70-71, amber deposits, list, 28; control, 13, 15, 
16; crops, 12, 13, 45; damage, 15, 16, 18, 19, 
21; different types termites, 12; distribution, 
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25; international, 70; publications, 70-71; re- 
sistant woods, 40 

Wounds dust, 12, 43 

9 Gis, 

Xylene, 51 
Yew, damage to, control, 15 
Young, care of, males more active, 8 
Yugoslavia, 23, 24, 25, 38, 48, 68, 69; Dalmatia, 

18, 25, 69, 70 (Island of Lesina, 69) 
Zinc chloride, 56 (-arsenic mixture, 53, 57, 58) 

INDEX 37 

Zinc meta arsenite, 55, 57 
Zinc naphthenate, 55 
Zoogeographical regions: Australian, 47, 58-59; 

Ethiopian, 59-60; Indo-Malayan, 60-62; Malag- 
asy, 47, 62; Nearctic, 62-67; Neotropical, 67- 
68; Oriental, 47; Palaearctic, 68-70; Papuan, 
70; General, 70-71; World, 70-71 

Zootermopsis, 12, 24, 27, 38, 41 
angusticollis, 26, 27, 31, 33, 36, 37, 38; en- 

docrine system, 33 
nevadensis, 8, 25, 30 
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COMPARISON OF TEKTITE SPECIMENS FROM 
EMPIRE, GEORGIA;“AND: MARTHA’S 

VINEYARD MASSACHUSETTS * 

By ROY S. CLARKE, Jr,? ano MAXWELL K. CARRON® 

(Wit Six Puiates) 

INTRODUCTION 

The recent find of a tektite at Gay Head, Martha’s Vineyard, Mass., 
has been reported by Kaye, Schnetzler, and Chase (1961). This speci- 
men, representing a possible new occurrence of tektites, was gener- 

ously submitted by the finders to us for laboratory study. The 
Martha’s Vineyard tektite (USNM 2082) arrived when we were 
completing study of a tektite from Empire, Ga. (USNM 1396), which 
has been at the U. S. National Museum since 1938. A similarity be- 

tween these two specimens was immediately suggested by their close 
agreement in color, density, and magnetic properties. Further study 
of the Martha’s Vineyard tektite established that a truly remarkable 
similarity does exist. This report presents new physical and chemical 

data and photographs for both of these specimens. The possible sig- 
nificance of the unexpected nature of these data and the ambiguous 
conclusion to which they lead are discussed. Either this new group 
of tektites has much more uniform properties than would be expected, 
or else there is room to doubt their authenticity. 
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man, Jr., of the National Aeronautics and Space Administration, and 

E. P. Henderson, of the Smithsonian Institution, have generously 
shared their knowledge of tektite specimens and literature with the 
senior author in many helpful discussions. 

PREVIOUS WORK 

The initial identification of tektites from Georgia was made by E. P. 
Henderson of the Smithsonian Institution’s Division of Mineralogy 
and Petrology. Two specimens (USNM 1396) were submitted for 
examination and an identification was made during 1938. Confirma- 
tion of Georgia as an area of tektite occurrence has been reported 
by Barnes and Bruce (1959). Bruce (1959) has published a general 
discussion of tektite finds in Georgia, and included in his paper are 
photographs of several specimens. Cohen (1959) has discussed 
Georgia tektites with particular reference to their similarity to 
moldavites and bediasites. His paper includes a compilation of physi- 

cal properties and spectrochemical data. Senftle and Thorpe (1959) 
have measured the magnetic susceptibility and intensity of mag- 
netization for the Georgia tektite and for a number of other tek- 
tites, and have discussed the significance of these measurements. 
Reynolds (1960) and Gentner and Zahringer (1960) have meas- 
ured potassium-argon ages for the major tektite groups. These data 
show that Georgia tektites and bediasites are of similar age, but 
that moldavites are much younger. Stair (1955a, 1955b, 1956) has 

published the absorption spectra and a photomicrograph of this same 
Georgia specimen. He also gives a photograph of a second Empire, 
Ga., tektite. The measurements reported in the literature on Georgia 
tektites by all the workers cited above have been made on portions of 
one specimen, USNM 1396. 

The only previous experimental work using material from the 
Martha’s Vineyard tektite other than a chemical analysis reported by 

Kaye et al. (1961) is that of Pinson and Schnetzler (1960). These 
authors have determined rubidium and strontium contents and stron- 
tium isotope ratios. 

MORPHOLOGY AND INTERNAL STRUCTURE 

The two tektite specimens with which we are particularly concerned 
have both similarities and striking differences in gross morphology. 

Plate 1 is a direct-light photograph of (A) the Empire, Ga., and (B) 
the Martha’s Vineyard, Mass., tektites. Plates 2 and 3 are photo- 
graphs of these specimens after ammonium chloride smoking to bring 
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out surface features. All photographs of the Martha’s Vineyard tek- 
tite show the complete object before removal of material for analysis. 
Over half of the Empire, Ga., specimen has been consumed in experi- 
mental studies, and plate 1, A, shows the remaining portion of this 
specimen. Plate 2 shows the front and back surfaces of this specimen 
after it had been cut to remove a slice for study. The distance between 
halves approximates the material that has been removed. 

Plates 5 and 6 are previously unpublished photographs of other 
Georgia tektites. They were furnished to the authors by E. P. Hen- 
derson and are included here as background material. Plate 5, A and 
B, are photographs of a second Empire, Ga., specimen (also having 
catalog number USNM 1396), a complete individual that is preserved 
in the collection of the U. S. National Museum. A tektite from Plain- 

field, Ga., belonging to G. A. Bruce is shown in plate 5, C and D. 

Plate 6, B, shows a tektite found near Osierfield, Ga., lent by A. S. 

Furcron, of the Georgia Geological Survey. Dimensions of these 
tektites are given in table 1. 

TABLE 1.—Approximate size and weight of specimens 

Length 
Length of perpendicular Maximum 

longest axis to longest axis thickness Weight 
Locality cm. cm. cm. g. Illustrated in— 

Empire, Ga.2 ..... ~6.5 ~3.5 ~I.0 >25 Piz 

Empire, Ga. joes « 3.3 27 1.4 13.4 Pies ALB 

Piamnelds (Gasie..c) © 3:5 2.9 0.9 Li.2 IEG (GD, 

Osierfield, Ga. .... 4.7 4.4 0.6 17.8 Pl. 6, B 

Martha’s Vineyard, 

MASS icc spevelevor's 5.3 3.9 1.0 17.8 Piss 

a Lengths given were estimated from photographs of cut specimen, and thickness was meas- 

ured on remaining portion of specimen. 

The most striking feature of the four Georgia tektites is their 
disklike shape; three are nearly circular. These specimens are rather 

uniformly covered with many shallow pits and grooves which produce 
generally smooth surfaces and edges. The disk shapes and general 
surface features are suggestive of the moldavites. Disk shapes are 

known among moldavite specimens but are rare among the other tek- 
tite groups (Suess, 1900; Barnes, 1940; Baker, 1959). 

The Martha’s Vineyard specimen appears to be a sector of a 
roughly circular disk about 3 inches in diameter. The smooth fracture 
surfaces on the sides of the specimen imply that it has been broken 
from a parent mass after formation of its surface features. The deeply 
serrated edge of the Martha’s Vineyard specimen is different from 
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anything that has been observed on Georgia tektites,* and it is an un- 

common feature of tektites in general. The surface relief is also much 
more pronounced for this specimen. It has sharp ridges on the top 
and bottom surfaces and particularly on the serrated edge. These 
sharp, relatively unabraded features imply that the Martha’s Vineyard 
tektite has not been transported far by normal geologic processes sub- 
sequent to sculpturing. An unsual feature of this specimen is that the 
edge pattern appears to be radial, while the surface pattern on the in- 
terior of the disk appears to be concentric (pl. 3, A). 

There is a remarkable similarity between the Martha’s Vineyard 
specimen and a photograph of a moldavite published by F. E. Suess 
(1900, pl. V, fig. 5b). Our specimen appears, at first glance, to be a 
part of this specimen studied long ago by Suess. However, this ap- 
parent duplication is due to the fact that Suess’s photograph is en- 
larged. His figures 5a and 5c show this tektite at natural size. It is 
obvious that the Martha’s Vineyard tektite must have come from a 

parent of greater diameter than Suess’s specimen. 

It has been stated above that the Martha’s Vineyard tektite is ap- 
parently a part of a larger disk-shaped object, probably 3 inches 
(7.6 cm.) in diameter. If this assumption is valid, the parent body of 

this specimen was larger than any disk-shaped tektite of which we are 
aware. The hypothetical parent tektite would have a diameter-to-thick- 
ness ratio of 7.6, which is greater than that of any tektite known to 
us. Even if a 2-inch diameter is assumed, this tektite would still have 

a very high ratio, approximately 5. The Osierfield, Ga., tektite (pl. 6, 
B, and table 1), with a ratio value of 7, is the only other tektite we 

know of in this range. 

The internal structure and inclusions in the Empire, Ga., and 
Martha’s Vineyard specimens are shown in the accompanying photo- 
micrographs. Plate 4, A, is a photomicrograph taken with white trans- 
mitted light of a slice 0.25 cm. thick cut radially from the Martha’s 
Vineyard tektite. Plate 4, B, is of the same area using plane polarized 
light, crossed nicols. Plate 4, C and D, are photographs of a slice 

0.07 cm. thick of the Empire, Ga., tektite. If allowance is made for 
the differences in thickness between the two sections, the similarity in 

pattern and character of inclusions is apparent. Some of these inclu- 
sions are well outlined and are of lower index of refraction than the 
surrounding glass. They show wavy extinction and have not been 

positively identified. Barnes (1940) has proposed that similar inclu- 
sions in bediasites are lechatelierite. Sparsely distributed small round 

# Bruce, G. A., personal communication, 1960. 

——_—_——————— OT ee eee 
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and elongated bubble cavities are also present, appearing in the photo- 
micrographs as dark spots. 

Pronounced flow structure, or flow lines, indicative of inhomo- 

geneity within the glass, appears in both specimens. This structure is 

revealed by variation in index of refraction resulting presumably from 
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Fic. 1.—Flow structure diagram prepared from slice of (A) Empire, Ga., tektite, and (B) 
Martha’s Vineyard, Mass., tektite. > 3. 

minor compositional differences (pl. 4, A and C). Strain is also 

present in these glasses and is associated both with the flow structure 
and inclusions. This strain is evident from the anisotropism that is 
observed in the sections with plane polarized light, crossed nicols 
(pl. 4, Band D). 

The flow structure of both specimens here studied in detail conforms 
quite well to the surface of the specimens. In figure 1 are given flow 
structure drawings prepared from a projected image of the sections 
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used in making the photomicrographs (pl. 4). Figure 1, A, is of a 
section from the flat end of the Georgia tektite specimen (pl. 1, A). 
The slice from which figure 1, B, was prepared was taken several milli- 

meters in from the left broken edge of the Martha’s Vineyard speci- 
men positioned as in plate 1, B, extending approximately two-thirds 
of the way into the specimen and parallel to that edge. This relation- 
ship of surface to flow structure is unusual for tektites in general 
(Barnes, 1940; Baker, 1959). 
The present external surfaces of these specimens are essentially 

secondary features due largely to chemical etching. Indeterminant fac- 
tors such as the original shape of the specimen, the susceptibility of its 
various parts to chemical attack, the nature of the chemical environ- 
ment and the time through which it has acted, and mechanical effects, 

combined to produce the present surface features of these tektites. 
The main surface features, pitting and grooving, have no obvious 
relation to the internal structure of the material. Tektite surface pits 
are sometimes referred to as bubble cavities, but it is unlikely that 
bubbles within the glass were responsible for the pitting on the 
tektites we studied. It has been mentioned above that the bubbles 
present in the sections were small and sparsely distributed (pl. 4). 
Their concentration in the medium and their individual diameters are 
both minute when compared to the surface pits. 

The internal flow structure, however, is related directly to delicate 

striae that are readily observable as a secondary surface feature on 
these specimens. The striae frequently occur where the flow structure 
is truncated by the specimen surface and undoubtedly result from 
slight differences in susceptibility to chemical attack. The left-hand 
piece of the Empire, Ga., tektite shown in plate 2, A, exhibits striation 
which is of particular interest because it indicates the extent to which 
flow structure conforms to the surface of the specimen. The striae 
follow the edge of the specimen and suggest that the flow structure pat- 

tern based on the section (fig. 1, A) holds in a general way for the 
complete specimen. The arrows in figure 1, A, indicate areas where 
the U-shaped striae on the surface of the specimen (fig. 1, A) 

terminate. 
Striae are obvious on the surfaces of the Martha’s Vineyard tektite 

(pl. 3, A and B) and especially on the serrated edge (pl. 3, C). The 

concentric external pattern is consistent with the flow structure illus- 

trated from the section (fig. 1, B). The second Empire, Ga., tektite 

(pl. 5) is a striking example of surface expression of internal struc- 

ture. The more irregular pattern on this tektite probably indicates 

a more contorted flow structure. Surface striation of this type 
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is also present on the Plainfield (pl. 5, C and D) and Osierfield 
(pl. 6, B), Ga., specimens and can be seen in the photographs. 

Plate 6, A, is an enlargement of a small area of the surface of the 

Plainfield, Ga., specimen. It shows several features that are common 
to all the specimens with which we are concerned and one feature that 

is peculiar to this specimen. The latter is an apparently glassy mass, 
or protuberance, that projects from the bottom of a surface cavity 
(pl. 6, A; and slightly to left of center in pl. 5, C). This protuber- 
ance is firmly attached to the body of the specimen and apparently 
resulted from chemical attack on a volume of glass containing an 
inclusion or inhomogeneity of more resistant composition. No meas- 
urements of properties or composition of this protuberance were 
possible as the owner desired to maintain the specimen intact. 

All these tektites show what appear to be several generations of 
surface pits, a feature particularly apparent on close examination 

of plate 6, A. Around the top edge of the cavity containing the 
protuberance there are four outlined depressions, apparently the rem- 
nants of previous pits that have grown together and been largely ob- 
literated by the younger central pit. The photograph also shows nu- 
merous examples of pits within pits, and pits overlapping pits. A 
particularly interesting pattern can be seen in the lower right-hand 

corner of plate 6, A. A raised, rather white area is surrounded by 
five distinctly outlined grayish areas that seem to have been formed 

as a result of enlargement of pits. This feature and the glassy pro- 
tuberance described above provide direct evidence that the internal 
composition of the material has at least a limited control on the sur- 
face features that develop. A number of very small pits possibly could 
have resulted from bubbles within the glass, but it is impossible to 
identify any of these from the photograph. 

To summarize: Study of the detailed morphology of these speci- 
mens supports the idea that chemical weathering, controlled to a 
slight extent by variations in composition of the material, is the main 

agent responsible for the formation of these surface features. We 
find no evidence either in the gross shapes or on the surfaces of these 
specimens that suggests a history of aerodynamic shaping. 

PHYSICAE ‘PROPERTIES 

A comparison of some of the physical properties of the two speci- 

mens is given in table 2. All the properties listed are remarkably 
similar. 

Density measurements were made by weighing the suspended speci- 
mens in air and in carbon tetrachloride of accurately known density 
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at the temperature of measurement. The resulting bulk density figures 
of 2.330 for the Georgia tektite and 2.332 for the Martha’s Vineyard 

tektite agree within the limit of error of the measurement (estimated 
to be 0.002 g./cm.*). These density figures are slightly lower than 

the lowest specific gravity figure (2.334) given by Barnes (1940) 
for bediasites and are in the middle of the range of density figures 
(2.303 to 2.367 g./cm.*) he gives for moldavites. Conversion of 
Barnes’s specific-gravity values to densities is not possible because of 

insufficient data. The difference between our values and his lowest 

TABLE 2.—Comparison of physical properties of the Martha’s Vineyard and 
Georgia tektites 

Martha’s Vineyard 
Georgia tektite tektite 

Property (USNM 1396) (USNM 2082) 
Colorigtcrisrrcni eee. atte ie sewereiecione Light olive green Light olive green 

NEE Sl Ca) ee CTS PT 11.4" 17.76" 
InGex Of POLTACHOU oss sce spisyn's 4 ae. 1.485-40.003° 1.4852+0.0004° 

DENSiey (SY CMO) selec s sm nice we 2,0 2.330 2.332 

Magnetic susceptibility (e.m.u./g.) .. 3.6X10% ° 3.90 10°* 

Maenetization® si Iso See eS o° of 

a Remaining portion of specimen. 
> Complete specimen. E 
© Determined by I. Friedman, U. S. Geological Survey. | 
4 Bulk index determined by E. C. T. Chao, U. S. Geological Survey. 
© From Senftle and Thorpe (1959). ; 
f Determined by A. Thorpe, U. S. Geological Survey. 

bediasite value could be more apparent than real. The close agree- 
ment of density values for the two specimens under study combined 
with their chemical compositions (table 4) confirms the impression 

obtained from transparent sections that bubble size and distribution 

in the two materials are the same. 

The index of refraction of both the Martha’s Vineyard and Georgia 
tektites is 1.485. This value is slightly less than the smallest value 

(Nya=1.488) given by Barnes (1940) for bediasites and in the mid- 

dle of the range (Nya=1.4798 to 1.4961) he gives for moldavites. 
Barnes (1940, pp. 522-523) has used the Gladstone and Dale rela- 
tionship to plot index of refraction and density data to show relation- 
ships of these data for the various tektite groups and other natural 
glasses. The data for the Martha’s Vineyard and Georgia tektites 
give a specific refractivity of 0.208, which falls in the moldavite area 
of Barnes’s plot, outside of the area where moldavites and bediasites 
overlap. 

Magnetic data for a number of tektites and other glasses have been 

obtained and discussed by Senftle and Thorpe (1959). The magnetic 
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susceptibility values depend both on the total amount of iron present 
and the proportion of oxidized to reduced iron. The Martha’s Vine- 
yard and Georgia tektites contain approximately the same total iron 
(table 4). The slightly higher proportion of oxidized iron in the 
Martha’s Vineyard tektite is consistent with the slightly higher mag- 

netic susceptibility value observed for this specimen. The magnetic 
susceptibility values for the Georgia and Martha’s Vineyard tektites 
fall in the range between the highest moldavite value (3.0x 10° 

e.m.u./g.) and the lowest bediasite value (4.2X 10° e.m.u./g.) re- 

ported by Senftle and Thorpe (1959). The zero magnetization value, 
a value which is typical for tektites in general, is interpreted to mean 

essentially complete solution of iron in the tektite glass. These ob- 
servations are indicative of a history of high-temperature treatment 
during formation of the glass. 

ABSORPTION SPECTRA 

The spectral transmission of a number of tektites, including the 
Empire, Ga., specimen, in the ultraviolet, visible, and near infrared 

regions of the spectrum (300 to 5,000 millimicrons) has been reported 

by Stair (1955a, 1955b, 1956). Cohen (1958) has given absorption 

spectra for a number of tektites in the region 300 to 2,600 millimicrons. 
He points out that his curves and Stair’s are in agreement for the 

region they treat in common, and that the Empire, Ga., tektite curve 
agrees particularly well with that of moldavites. Cohen (1958) in- 
terprets these curves as being consistent with the high ferrous to 
ferric iron ratio observed in chemical data on tektites (table 4), while 
Stair (1955a) tentatively interprets them as indicative of high ferric 
iron. 

A new determination of the absorption spectrum of the Empire, 
Ga., tektite, along with that of the Martha’s Vineyard spectrum, is 
given in figure 2. These curves are directly comparable to those of 

Cohen and were obtained by using a Cary Model 14 recording spec- 

trophotometer.’ Highly polished specimen slice surfaces were pre- 
pared, using o- to 2-micron diamond powder followed by magnesium 

oxide.* The Georgia tektite slice used for the photomicrograph in 

plate 4, C and D, was further polished and used for the absorption 
measurement. Masks with identical light transmission areas slightly 

5 Dr. Walter Shropshire, Jr., Division of Radiation and Organisms, Smith- 

sonian Institution, did the instrumental work in obtaining these curves. 

6 Grover C. Moreland, Division of Mineralogy and Petrology, U. S. National 

Museum, Smithsonian Institution, prepared the polished slices. 
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smaller than the smallest specimen were prepared for use in the sam- 
ple and reference beam of the spectrophotometer. A blank correction 

was determined by measuring the absorbance with the masks in posi- 
tion previous to mounting the specimens. 

Absorption Spectra 

a WB vd «tl Rai eae hs Martha's Vineyard Tektite 
1.5 

Georgia Tektite 

Absorbance 

5 

9 = 0.084 cm 

0.5 

0 = 0.064 em 

500 1000 1500 2000 2500 

Wavelength in Millimicrons 

Fic. 2—Absorption spectra of the Empire, Ga., and Martha’s Vineyard, Mass., 
tektite specimen. 

The curves in figure 2 are essentially identical. The greater ab- 
sorption of the Martha’s Vineyard slice can be attributed to sample 

thickness, suggesting that these two materials adhere to Lambert’s 

law and have the same extinction coefficient. 

SPECTROGRAPHIC AND CHEMICAL ANALYSES 

Semiquantitative spectrographic analyses of both tektites are shown 
in table 3. Assuming that this type of analysis is within a factor of 
only 2 of the correct value, one can say that the analyses of both speci- 
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mens are essentially the same with the exception of boron, lead, beryl- 
lium, and yttrium. The high boron and beryllium contents are un- 
doubtedly due to contamination. The mortar in which the Martha’s 
Vineyard tektite was ground had previously been used for grinding 

TABLE 3.—Semiquantitative spectrographic analysis * of the Georgia and 
Mariha’s Vineyard tektites 

Martha’s Vineyard 
Georgia tektite > tektite > 

Element percent percent 

SpE Ee Ae neem ._M M 
PURER cain akernmenrey 7 7 
ee ci tian cg aententn ceaitie TS 1.5 
i a es Le 20:3 0.3 
REA ae arash Se aac ets ts 0.3 0.3 
1 A TT Beat a EE 0.7 0.7 
1 Ae ee ee Bee 84 1.5 
FEE ae ee! Seabee reer: 0.15 0.3 
MNS erate a scan a acosvs cis ehe 0.07 0.07 
12 TE PE a ie a 0.00007 0.00007 
Br irgcee ae oc teb sees 0.003 0.015 
Bai race ratios nae . 0.03 0.03 
| SACRE aye ee ent 0.0003 0.003 
CO slaw uss A Pe wainde pe) OGOTS 0.0015 
hg ae nes sraiareeie -+ 0.0007 0.0007 
Cit. steee ee Pe Jeet 0007, 0.0007 
Garis. Soaus Ea «ie c/o) 010003 0.0003 
BST 9) 2a focerst it caccxaciaas . 0.0015 0.0007 
BA aah Siacats wisi oe aN 0.0015 0.0015 
DNs esate eleis's wintaiaiamicnts . 0.00015 0.007 
Se aus a Sa . 0.0007 0.0007 
Sp \iwistie's. Bs. es CBee ger @HOOF 0.0007 
Shit eiocs EE Hany s40i4/1 0/007, 0.007 
Vie aa ad etal ss «+s 0.007 0.007 
OX oc coorotovere Melelraeiereieisren OLO015 0.007 
MDS Eee eae aoe 0.00015 0.00015 
ZEB, BDO UA . 0.015 0.015 

® Figures are reported to the nearest number in the series TyiSs0le55) 0:79 0:3-. OF 55 eter in percent. These numbers represent midpoints of group data on a geometric scale. Comparison 
of this type of data with that obtained by quantitative methods shows that the assigned group 
includes the quantitative value about 60 percent of the time. 

> Analyst: Helen W. Worthing, U. S. Geological Survey. 

hambergite, Be.(OH) BOs, and this probably accounts for the high 
values for these elements. The high lead and yttrium values could not 
be accounted for. The following elements were looked for and not 
found: As, Au, Bi, Cd, Ce, Dy, Er, Eu, Gd, Ge, Hf, How ing Tria, 
Li, Lu, Mo, Nd, Os, Pd, Pr, Pt, Re, Rh, Ru, Sb, Sm, Ta, Tb, Th; 
Tl, Tm, W, Zn. Only elements to which the method is sensitive in 
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amounts of 0.01 percent or less are included in this list. The analyti- 
cal procedure used has been described in detail by Waring and Annell 

(1953). 
The chemical analyses of both specimens are essentially the same 

(table 4). The analysis reported here for the Martha’s Vineyard 
tektite also agrees equally well with the independent analysis of a 
different part of the same specimen given by Kaye et al. (1961). 

Tas_e 4.—Chemical analyses of the Georgia and Martha’s Vineyard tektites 

Martha’s Vineyard 
Georgia tektite * tektite 

Elemental oxide percent percent 

SOM aio tls ate eos 80.54 80.6 

PVRs bcatesspaic loca ahece-s 11.21 11.3 

Bes Oar hectistc ne ste scfeec 0.33 0.4 

ie Orcs crsters:siersseus' 2.40 2.2 

CAO eancnws vem. 0.61 0.7 
MBO iaiisc die cies 0.65 0.7 

ING TIO ee crac ocexer ates 0.05 0.05 

INas@ sak aeteicissre 1.16° I.I 

GOD) Lo terctate cies 0s ass 2.38° 2.4 

GO e vicvscicestaeererspes None <o.1 

TRO rats aye tathc’avate anc 0.02 <0.1 

SEG ay ss at's wick oasis 0.43 0.5 

Potala en caeinas 99.78 99.9 

a Analyst: M. K. Carron, U. S. Geological Survey. 
b Analyst: R. S. Clarke, Jr., Smithsonian Institution. 
¢ Analyst: W. W. Brannock, U. S. Geological Survey. 

A gravimetric chloride determination was also done on a small 

sample of the Georgia tektite. The figure of 0.03 percent chloride 

obtained represents a limiting value. Chloride could not be present in 
a concentration greater than this, but the true value could be consider- 

ably less. The analysis of the Martha’s Vineyard specimen is reported 
to only one decimal place because of the small size of sample used for 

analysis. 

The chemical data on the Georgia and Martha’s Vineyard glasses 
(table 4) fit quite well into the general pattern of tektite analyses as 

presented by Barnes (1940) in his review of this subject. The high 

silica, high alumina, high ferrous to ferric iron ratio, and the excess 

of potassium oxide over sodium oxide are all typical of tektite 
analyses. The moldavites are the only tektite group that have silica 
contents as high as those obtained in our analyses, and moldavites 
are the group most similar in physical and morphological character 
to our material. It is of interest to compare Barnes’s moldavite 
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analyses in some detail to the new data. Barnes’s analysis No. 5 was 

excluded from the comparison because of its atypical ferrous to ferric 

iron ratio and the possibility that this reflects either a peculiar oxidiz- 

ing history for this specimen or analytical error. 

Only two of the nine moldavite analyses have a higher silica content 

(82.3, 82.7 percent SiO.) than the new analyses, and two have essen- 

tially the same value (80.5, 80.7 percent SiO,). The remaining 

analyses range from 77.8 to 80.0 percent SiO.. The total iron for 

the new analyses is within the range given for moldavites, but our 

analyses suggest an appreciably higher proportion of Fe,O; (seven 

of the moldavite analyses report only FeO). A recent moldavite 

analysis given by Vorobbev (1960) has a total iron in the expected 

range with a ferrous-ferric ratio similar to that obtained for the 

Martha’s Vineyard and Empire, Ga., material. Our analyses show a 

lower proportion of CaO in the alkaline earth fraction, and the total 
CaO+MgoO is only about half of that observed for the moldavites. 
The total alkalies are within the range given by Barnes, but the propor- 

tion of Na,O is considerably higher. The ratio of percent K,O to 

percent Na.O is smaller on the average by a factor of slightly greater 

than 3. These observations relating to chemical composition estab- 
lish that the Georgia and Martha’s Vineyard glasses are significantly 

different from moldavite glass as we understand it today. 

The similarity of composition shown by our analyses seems to be 

extended in the recent publication by Barnes (1960) of a chemical 

analysis of a light green tektite from Fayette County, Tex. Its com- 

position is very close to that of the Georgia and Martha’s Vineyard 

material. Minor differences are a slightly higher SiO, and a higher 

proportion of Na,O in the combined alkalies. These differences are 

so small that they suggest a relationship between this specimen and 

the two we have studied. Barnes (1960) also states that this material 

contains no bubbles and is significantly different from bediasites. 

Ehmann (1960) has reported on a study of nickel-iron ratios in 

tektites and other glasses. Neutron activation analysis was used to 

determine accurate Ni values, and tektites were observed to have 

Ni/Fe( x 10*) values ranging from 4.7 to 57, with a moldavite hav- 

ing a value of 10. It is interesting that the value of this ratio is 9 

for the Martha’s Vineyard, Mass., and Empire, Ga., specimens calcu- 

lated on the basis of our semiquantitative spectrographic Ni value 

of 0.0015 percent. 
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DISCUSSION 

The physical and chemical properties given here for the glasses from 
Martha’s Vineyard, Mass., and Empire, Ga., show a remarkable and 

unexpected similarity. The measured physical properties show no 
significant differences. The pattern of compositional similarity shows 
variations for only four of the elements detected. This observed simi- 

larity is a significant observation that requires further examination. 

The chemical data in the tektite literature would not lead one to 

expect such close similarity of properties for two specimens selected 
at random from widely separated geographic points. In his compre- 
hensive paper Barnes (1940) gives bulk chemical analyses taken 

from the literature for 43 specimens from the three major tektite 
groups (24 indochinites, 10 moldavites, 9 australites). No two of them 

suggest agreement comparable to that which has been observed for 
the Martha’s Vineyard and Empire, Ga., specimens. These analyses 
demonstrate that considerable natural variation of chemical composi- 
tion exists within the same group of tektites. Larger variations are 
observed from one tektite group to another. Barnes also points out 
that compositional variations, as indicated by index of refraction 
measurements, are observed for different portions of the same 

specimen. 

The explanation of this observed similarity would seem to lie in 
one of two areas. The first possibility is that our understanding of 
tektite specimens and their occurrence is based on inadequate and 

fragmentary data, so that the observed coincidence is actually an event 

of reasonable probability. The second possibility, and one that should 
not be too casually dismissed, is that we are dealing with artificial 
materials of related origin. Regardless of which explanation per- 
tains, it is obvious that this problem requires further detailed study. 

There is little room for doubt that the major tektite groups, such 
as australites, indochinites, and moldavites, are geologic occurrences, 
the results of natural processes. Georgia tektites have been placed 
in the tektite category largely on the basis of analogy, as these glass 

objects have similar chemical and physical properties to known tek- 
tites. However, the total number of specimens that have been found 
in Georgia is very small in comparison to the large number that have 
been found for the major groups. Weights of specimens are not 
available, but certainly the total for all the 12 reported Georgia finds 

(Bruce, 1959) must be only some fraction of a pound. Detailed ob- 

servations relating these few specimens to their geologic environment 

have not been recorded and seem not to have been made. The situa- 
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tion with regard to the Martha’s Vineyard specimen, a unique find 
so far for this region, is equally unsatisfactory. 
A general similarity in appearance between moldavites and Georgia 

tektites has been frequently noted. This similarity, as was suggested 

earlier, also holds true in the same very broad sense for the Martha’s 

Vineyard tektite. However, similarity to one class of objects does 

not preclude similarity to another class. In fact, the Martha’s Vine- 
yard tektite shows an interesting similarity to the bottom of a bottle 
now in the collections of the Smithsonian Institution (USNM 

58.115A). This olive-green bottle was probably made in Keene, N. H., 

Fic. 3.—Scale drawing of bottom of a bottle from Smithsonian Institution 
collection (cat. No. 58.115A) with Martha’s Vineyard tektite superimposed. 
hog Neti was probably made in Keene, N. H., during the period from 1825 
to 1850. 

in the second quarter of the 19th century.?. The chemical composi- 
tion of this bottle is undoubtedly quite different from that of the 
Martha’s Vineyard tektite. Its index of refraction is greater than 
1.50, and under the microscope this grain appears to be ordinary un- 
strained bottle glass. However, the radius of curvature, the perio- 

dicity of the radial pattern along the curved edge, and the circular 
pattern in from the edge (see fig. 3) of the Martha’s Vineyard speci- 

7 Paul V. Gardner, Division of Ceramics and Glass, U. S. National Museum, 

Smithsonian Institution, oral communication. 
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men are suggestive of the mold from which the Keene, N. H., bottle 
must have been made. 

An argument commonly used to support a natural rather than arti- 

ficial origin for tektites is based on the relatively high temperatures 
required to melt glass of tektitic composition. We have difficulty at- 
taining these temperatures today; therefore, we are apt to conclude 
unjustifiably that these temperatures must have been unattainable in 

the fairly recent past. However, there is evidence that leads one to 
doubt this reasoning. An example is given in the studies of Hubbard, 
Jenkins, and Krumrine (1952), in which they compare the properties 
of modern commercial glasses to Amelung glasses. These antique 
glasses were made in the large factory of Johann Friedrich Amelung 

near Frederick, Md., in the years around 1800. Hubbard et al. re- 

port that these old glasses “. . . had working temperatures con- 
siderably higher than any of the modern commercial glasses studied, 
with the exception of fused silica and Vycor.” They further noted 
considerable difficulty in working these glasses after heating to 
1500°C., the highest temperature to which they cared to take Globar 
furnaces. 

Glass has been a common item in commerce along the east coast 
of the United States since the early Colonial period, and it is a 
byproduct of many industrial and mariufacturing operations. There 
is a possibility that starting with the proper raw materials—perhaps 
by accident—glass of the composition of the Georgia and Martha’s 
Vineyard tektites could have been formed in this still difficultly at- 
tainable high-temperature range. Had Precambrian feldspar or other 
geologically old materials been included among the raw materials 

from which this peculiar glass was made, another difficulty could pos- 
sibly be reconciled. Conceivably the mysterious process that formed 
the glass could have produced a product that retained sufficient radio- 
genic argon-40 to give the approximately 30-million-year ages that 
have been reported in the literature for the Empire, Ga., specimen 
(Reynolds, 1960; Gentner and Zahringer, 1960). Admittedly, this 
suggestion is contrary to normal laboratory experience ; however, this 

type of measurement as applied to tektites is too new to be accepted 

without reservations. 

Two criteria are commonly accepted in defining and identifying 
tektites. The first is that the specimens are of natural occurrence 
within a given although perhaps not completely delineated geographic 
area; the second is that they are glasses of an unusual range of 
chemical compositions, exhibiting characteristic physical properties. 
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It should be clearly demonstrated that both of the above hold before 
specimens are accepted as proven tektites. The natural occurrence re- 

quirement seems not to have been proven beyond reasonable doubt 

in the case of Georgia and Martha’s Vineyard specimens. Certainly, 

the history of specimens found to date in these localities is not over- 
whelming evidence of their natural origin (Bruce, 1959; Kaye et al., 
1961). 

The data that have been given point to a current weakness in our 
understanding of tektites. It has not been possible to take two glass 
objects, found 20 years and 1,000 miles apart, into the laboratory 
and, after studying their chemical and physical properties, report un- 
equivocally that they are tektites. Had the specimens under study 
belonged to one of the major recognized tektite groups, and had their 

properties been fairly typical of that group, a reasonably certain 
identification could undoubtedly have been made. However, chemical 
composition apparently separates the specimens from Martha’s Vine- 
yard, Mass., and Empire, Ga., from known tektite groups. The speci- 
mens have properties that are typical of tektites but not exclusive 
for tektites. All the properties that we were able to measure have a 
counterpart in natural or artificial glasses. Further information on 
these tektites, particularly their field occurrence, is required before 

a final judgment should be made. A disproportionate amount of 
laboratory work cannot compensate for the lack of sufficient field 
data. A typically geological approach is needed for a problem that 
remains basically a geological problem. 

CONCLUSIONS 

In the chemical and physical data that have been presented, there 
is nothing inconsistent with the claim that the Georgia and Martha’s 
Vineyard glasses are tektites—tektites in the sense of the major tek- 
tite groups. However, there is likewise nothing in these data to 
prove categorically that only a natural origin can account for the 
specimens. Conceivably some type of artificial origin, perhaps an 
accidental one, is possible. Certainly it would be premature to as- 

sume that Martha’s Vineyard is a valid tektite locality. The cause 

of our inability to solve this problem at present—and this seems to 

apply also to problems concerning the major tektite groups—is the 

lack of geological evidence relating specimens to their occurrence. 

Until the occurrence is understood, speculation as to origin lacks 

foundation. 
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Tektite photographs taken with direct lighting. A, Tektite from Empire, Ga., USNM 

1396, X 2. B, Tektite from Martha’s Vineyard, Mass., USNM 2082, X 2. 
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The specimen has been smoked | analysis. 
out surface features. 

tektite after slicing to remove material for Gaz Empire, 
? 

7N USNM 13090, re to brin y with ammonium chloride 
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Martha’s Vineyard, Mass., tektite photographed after am 
monium chloride smoking. 17.8 g. USNM 2082, * 14. B, Surface 
opposite that shown in A. C, Photographed down deeply serrated 
edge. 
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A, B, Photomicrograph of a 0.25-cm. slice of Martha’s Vineyard tek- 

tite, X 10. A, White transmitted light; B, crossed nicols. 

C, D, Photomicrograph of a 0.07-cm. slice of the Empire, Ga., tektite, 

x 10. C, White transmitted light; D, crossed nicols. 
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A, B, A second Empire, Ga., tektite specimen, ammonium chloride smoked. 13.4 g. USNM 
13906, * 2. 

C, D, Plainfield, Ga., tektite, ammonium chloride smoked. Property of G. A. Bruce. 11.2 g. & 2, 
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A LONG-RANGE TEMPERATURE FORECAST 

By C. G. ABBOT 

Research Associate, Smithsonian Institution 

GENERAL COMMENTS 

I quote the opening paragraph of my recent paper “A Long-Range 
Forecast of United States Precipitation’ +: ‘A hidden family of 
harmonic regular periods exists in weather. The periodic members of 
this family persist with unchanged lengths for scores of years. By 
determining their average forms and amplitudes for intervals of a 
thousand months, successful forecasts may be made for years to come; 

or backcasts may be made for former years and compared to former 
events. Agreement of such backcasts with the records warrants con- 

fidence in future forecasts.” 
In the publication cited correlation coefficients ranging between + 52 

and +69 percent were found over the interval 1950-58 between pre- 
diction and observation. Positive coefficients of correlation, as I will 

show, also subsist between temperature forecasts and events for the 

same interval. Examples appear herein as figures 1, 2, 3. 

While very nearly normal weather must obviously average closer to 

the normal values than to my forecasts, the case is quite different for 

extremes of weather. Extremes in precipitation range from 50 to 200 

percent away from the normals. It is to be able to anticipate weather 

of this unusual kind that good forecasts are financially valuable. As an 
example I give the following computations based on tables 10 and 14 

of Publication 4390: 

Cincinnati resulis from table 10 

From 108 months, 1950-58, mean departures from normal, 29% 

from forecast, 27% 

From 56 months within 25% of normal, do. 14% 

from forecast, 26% 

From 52 months over 25% from normal, do. 47970 

from forecast, 27% 

From 20 months over 48% from normal, do. 58% 

from forecast, 31% 

1 Smithsonian Misc. Coll., vol. 139, No. 9, Publ. 4390, Mar. 23, 1960. 
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Cincinnati results from table 14 

From 27 four-month periods, 1950-58, 

from forecast, 26.6% 
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mean departures from normal, 25% 

From 14 periods within 25% from normal, 

from forecast, 27.7% 

From 13 periods over 25% from normal, 

from forecast, 23% 

From 6 periods over 38% from normal, 

from forecast, 27.5% 

do. 

do. 

do. 

1370 

38% 

4790 

TapLe 1.—Forecasts of precipitation 1950-58 and 1959-60. Departures from 

normal (1950-58) and percent average deviation from mean departures 
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NO. 5 

Fic. 5.—Normal temperatures, sunspots few minus sunspots many. 

In table 1 I compare an analysis for 14 stations over the interval 
1950-58 with an analysis for the same stations for the interval 1959-60. 

The mean results for the two intervals are almost identical. They show 

that forecasts three years after the last month (November 1956) used 

in their basis are just as good as earlier forecasts. Further support 

for this thesis will be found by inspection of figure 4. 
These results show about as good agreement of forecasts with ob- 

served precipitation for extreme departures as for usual departures. 
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This recommends my forecasts to those whose interests demand fore- 
knowledge of wide departures from the normal. A second recom- 
mendation arises from the fact, which may be verified by inspection of 
figures I, 2, 10, and 11 of Publication 4390, that large trends in de- 

partures from normal precipitation, continuing over several years, 
may be tolerably forecasted. Third, as far as time has elapsed, results 

remain encouraging. In figure 4 and table 1 I give evidence that dur- 
ing the 24 months of 1959 and 1960, three years after November 1956, 

(the latest record used in the forecast) a strong correlation (about 50 
percent) between forecast and event was observed. 

In preparing temperature forecasts or precipitation forecasts, as 
explained in my paper “A Long-Range Forecast of United States 
Precipitation,” it is necessary to compute new monthly normals from 
the published records. These new normals relate respectively to the 
years when the Wolf sunspot numbers are greater, and to the years 

when they are less than 20. 
To illustrate the need for taking account of sunspot frequency in 

normals of weather records, and to show interesting features of the 

difference between stations in their relations to sunspot frequency, I 

give figure 5. It shows the difference in percentage of normal temper- 

ature between times of sunspots less and more than 20 Wolf numbers 
for the 12 months of the year. There is a partial similarity among the 
graphs, but Salt Lake City and Los Angeles behave rather differ- 
ently from the other eight. It will be noted that ranges of 2° or even 
3° F. occur for some cities, which are ignored in usual monthly nor- 
mals where sunspot frequency is neglected. 

The following dates may be used to separate SS > 20 and SS < 20 

groups of months: 

TABLE 2.—Intervals of high and low sunspot numbers * 

SS > 20 
July 1857-Aug. 1865 Mar. 1868-Apr. 1875 

Jan. 1880-July 1886 May 1891-Nov. 1808 

July 1903-Mar. 1910 Jan. 1915-July 10921 

Apr. 1925-May 1931 Mar. 1935-May 10942 

Mar. 1945-Jan. 1953 May 1955-(May 1962) 

SS < 20 

Jan. 1854-June 1857 Sept. 1865-Feb. 1868 

May 1875-Dec. 1879 Aug. 1886-Apr. 1891 

Dec. 1898-June 1903 Apr. 1910—Dec. 1914 

Aug. 1921-Mar. 1925 June 1931-Feb. 1935 

June 1042-Feb. 1945 Feb. 1953-Apr. 1955 

2 Table 2 and remarks thereon, unfortunately omitted from Publ. 4390, are 

here quoted from “Solar Energy,” vol. 2, No. 1, June 1958. 
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In the use of tables of periods in weather for forecasting beyond 
1957, it is necessary to make extrapolations from the preceding tables 
of dates. This is done (of course with marginal uncertainty) by aver- 
aging the intervals (given above) in months SS>2o and SS<20, 
and assuming that future intervals will be approximately the same as 

these averages. The uncertainty will usually not lead to important 
errors of forecasts, for generally the curves representing SS > 20 
and SS < 20 for the periods are similar for a given period and differ 
but a few months, or even not at all, in phases. I use for future dates: 

for SS > 20, 84 months, for SS < 20, 52 months. 

To avoid being misled by sudden large jumps between consecutive 

monthly departures, the departures from these new normals are 
smoothed by 3-month consecutive means. Owing to unpredictable lags 

in the phases of the harmonic periods, it is necessary, as explained in 
the paper just cited, to divide the record data into special groups, de- 
pending on the time of the year, the prevalence of sunspots, and the 
secular march of time. This requires that 220 tables should be com- 
puted for the forecast of temperature at each station, just as in the 
precipitation forecasts of Publication 4390. 

This large task requires electronic computation. It was done for 
the 10 temperature stations and for the 32 precipitation stations by 
Jonathan Wexler of Tempe, Ariz. In order to avoid new procedure 

in programming the electronic computer for temperature, I directed 
him to convert recorded temperatures, published in Fahrenheit de- 
grees, into absolute temperatures Fahrenheit by adding 491.7° minus 
32°, or 459.7°. Departures from the monthly normals were then 
computed in percentages, as was done with the precipitation values. 

For instance, the normal temperature for June at Detroit for years 
of sunspots greater than 20 Wolf numbers is 67.8° F. Subtracting 32° 
and adding 491.7° it becomes 527.5° abs. F. The observed tempera- 

ture of Detroit for June 1950 was 68.1° F. Similar steps make it 
527.8° abs. F. Its ratio to normal June temperature is 527.8+527.5= 
1.0006. All this rearranging was done with the electronic com- 
puter. In the subsequent computations we used the differences from 
1.0000 as far as the fourth decimal place. These differences ranged 

for the most part between +150 and —8o, corresponding to a range 

of 2.3 percent of the absolute temperature, or about 11.5° F. 

Readers interested in further details of the method are referred to 
my paper “A Long-Range Forecast of United States Precipitation” 
(Publication 4390) and other references cited therein. Temperature 
forecasts are somewhat less satisfactory than the precipitation fore- 

casts. For while the range of percentages of normal precipitation goes 
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from 0 to 1,000 or more, the entire range of absolute temperature is 
only about 2.3 percent. The accidental fluctuations of temperature 
bear a much larger proportion to range than the accidental fluctuations 
of precipitation. Hence, correlation coefficients between forecasted 
and observed temperature, though always positive, are always smaller 

than those between forecasted and observed precipitation. While the 
32 cities forecasted for precipitation, 1950 to 1958, all yielded positive 
correlation coefficients with the events ranging between 50 and 70 
percent, the correlations on temperature for 10 cities, forecasted 1950 

to 1958, ran as follows: Detroit +16 percent; Los Angeles +22 
percent; Atlanta +32 percent; and the other 7 stations all ranged 
between +40 and +50 percent. 
My forecasts of temperature and precipitation rest on one fact and 

one assumption. The fact is that a harmonic family of regular periods 
exists in solar radiation and in weather. The assumption is that if this 
family of periods is individually and quantitatively determined from 
weather records, 1870 to 1956, the mean course of these periods will 

be followed approximately through subsequent years. This assumption 
may indeed prove wrong when unusual disturbances occur in atmos- 

pheric conditions—for example, the volcanoes of Krakatoa and 

Katmai; the furious bombing during the world wars; atomic bomb 

tests; the hurricane Donna of September 1960. But tests such as 
figures I, 2, 3, 10, 11 of Publication 4390, and those of temperature 

in this paper, show that generally the assumption is justified. As yet 
it has not been explained why displacements between forecasts and 
events in features of weather by I, 2, or 3 months occasionally are 
observed. If this difficulty can be overcome, much higher coefficients 
of correlation will be found between forecasts and events. I plan an 

investigation of possible causes of this defect. 
There is one important difference between my forecasts of precipi- 

tation and of temperature. The amplitude of the principal features in 
precipitation changes was found for all stations to be so nearly the 
same in forecasts and events that no adjustments were made. Not so 
with temperature. For all the ro cities the amplitudes of the features 

of change were obviously greater in the forecasts than in the events. 
I cannot explain why this is so. The forecasts would have been left 

woefully wrong unless this discrepancy had been corrected. 
To make this correction for scale, I carefully plotted for each city 

the curves of forecast and event from 1950 through 1958. Then I 

measured as best I could the depths of obviously corresponding large 
depressions of the two curves, and determined their average ratio of 
amplitudes in forecasts and observations for about a half dozen prin- 



NO. 5 LONG-RANGE TEMPERATURE FORECAST—ABBOT II 

cipal depressions. These ratios, in terms of event divided by forecast, 
were for most cities between 0.70 and 0.75. Using these average ratios 

of amplitude of features, I reduced all the forecasts to approximately 
the same scale of amplitude as the events. 

There remained still another correction, but one not puzzling like 
that for scale. As many have pointed out, temperatures have gradu- 

ally risen in parts of the United States for a great many years. It 
would have been quite wrong to make forecasts of temperature for 

1950 through 1967 without allowing for this well-established change 

of level. Hence I took the ratio of the sum of monthly departures 

from normal after correcting for scale, as forecasted from 1950 

through 1959, and divided by the corresponding sum for the event. 
This gave a correction to lift the forecasts bodily by amounts ranging 
from 0.11 to 0.37 percent for the different cities. Expressed in de- 
grees of temperature, these corrections of level range from 0.5° to 

RG” PF: 
Having by these two necessary corrections adjusted the forecasts to 

terms justly comparable with the events, I computed the correlation 

coefficients mentioned above. 

RESULTS OF THE INVESTIGATION 

First of all, to inspire confidence in the method, which, as I have 

said, is substantially the same for temperature as for precipitation, I 

give in figure 4 for 14 of the 32 stations of Publication 4390 a com- 
parison of forecasts and events on precipitation for the 24 months of 

1959 and 1960. This interval is several years beyond the latest month, 

November 1956, used in the basis of the forecasts. Table 1, above, 

gives for 1959 and 1960 an analysis of the monthly values of forecasts 

and events in percentage departures from the normal monthly pre- 

cipitation to be found in column B, table 9, of Publication 4390. 

Twelve other precipitation stations gave almost as good correlation 

as these fourteen stations, except that more cases of displacement of 

features by one, two, or three months occurred between forecasts and 

events. Such displacements, frequently noted in my former papers, 

are as yet impossible to forecast. This is the main defect of my fore- 
casts. It is true that the amplitudes of features frequently differ be- 
tween forecasts and events, but if the main features occur when pre- 

dicted, the moderate difference of amplitudes is not a very serious de- 

fect. If one could predict when phases of prominent features would 

be displaced, the correlation between forecasts and events in precipita- 
tion would rise from being 40 to 70 percent to lie between 70 and go 

percent. 
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I have computed the correlation coefficient in precipitation between 
forecasts and events, 1959 through 1960, combining the results re- 
ferred to in table 1 for 14 stations. Just as the mean temperatures for 
the decade 1950 to 1960 differ generally between 0.5° and 2.0° F. 
from those of the mean values 1870 to 1956, so, too, the mean values 
of precipitation 1950 to 1961 differ from the mean values 1870 to 1956. 
Before computing the general correlation coefficients, 1950-58 and 

1959-60, for the 14 stations, I have corrected these differences of level 

by lifting or lowering the forecasts bodily. These differences range 
from zero to 17 percent among the 14 stations. This done, the general 

correlation coefficient between forecasts and events for the 336 months 
during 1959 and 1960 available at the time of computing from of- 
ficial records resulted as +47.0 percent. 

I am not aware that anyone has ever before predicted the monthly 
precipitation at 14 definite cities over 2 years of time (in my case 
1959-1960) and has achieved a correlation coefficient as high as +47 

percent for 24 months, 3 years after the last month used in the basis 
of his forecast. It seems to me that this marks an important and en- 

couraging advance in long-range forecasting. 

Figure 4 shows graphically the results tabulated in table 1. I call 
attention to cases of displacements of obviously common features in 
forecasts and events that occurred, and remark that such displace- 
ments must obviously have pulled down the value of the correlation 
coefficient which, notwithstanding, reached +47 percent. These cases 

are: Cincinnati, 3 months May 1959—April 1960; El Paso, 2 months 
about June 1960; Helena, 2 months about October 1959 and 2 months 

about September 1960; Sacramento, 2 months about January 1960. 

NUMERICAL TABULATIONS 

I was assisted in these tabulations by Mrs. Lena Hill and Mrs. 
Isobel Windom. Miss M. A. Neill assisted in reading proof. With 
the electronic computer, Jonathan Wexler furnished 3-month means 
of absolute temperatures, covering the years 1870 through 1956. We 
continued them through 1959. Subtracting 459.7°, we expressed them 
in ordinary Fahrenheit degrees. There were two sets of monthly 
normals computed covering 1870 through 1956: A for the years when 
Wolf sunspot numbers were less than 20, B for the years when Wolf 
sunspot numbers exceeded 20. The dates included in these two cate- 
gories are given in table 2 and accompanying quotation from the 
journal “Solar Energy.” 

Table 3 gives these two sets of normal temperatures in both absolute 

and ordinary Fahrenheit, applying to the years 1870 through 1956. 
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TABLE 3.—Normal monthly temperatures from records 1870-1956 

absolute and usual Fahrenheit 

Category A Category B 

Wolf sunspot numbers < 20 Wolf sunspot numbers > 20 

Abilene. 1 Atlanta. 2 

Absolute Usual Absolute Usual 

A B A B A B A B 

Jan. 504.9° §.1503.2° (452° 43.5" SO4.E® 50g." (Acq. 43.49 
Feb. 500.9 507.6 47.2 47.9 505.8 505.5 46.1 45.8 

Mar. 514.3 516.1 54.6 56.4 511.8 512.9 52.1 a2 

Apr. 524.6 524.3 64.9 64.6 520.7 521.0 61.0 61.3 

May 531.2 532.0 71.5 72.3 520.6 520.3 69.9 69.6 

June 530.7 530.5 80.0 70.8 536.6 536.2 76.9 76.5 

July 543.0 542.5 83.3 82.8 538.6 538.2 78.9 78.5 

Aug. 542.9 541.9 83.2 82.2 BG7-5:° (9587-0) 778) | 27 
Sept. Son W S357 © 75:8 . 76.0 532.8) 533.0, -7Sl 73.3 
Oct. 525.4 525.5 65.7 65.8 522.4 522.8 62.7 63.1 
Nov. 514.1 512.6 54.4 52.9 512.1 511.4 52.4 51.7 

Dec. 505.0 505.7 45.3 46.0 505.1 504.1 45.4 44.4 

Detroit. 3 Los Angeles. 4 

Absolute Usual Absolute Usual 

A B A B A B A B 
Jan. 485.8°  484.8° 26.0° 25.1° BEG WWASTE.L eSEES a. Sear 

Feb. 485.9 485.4 26.2 25.7 516.2 516.0 56.5 56.3 

Mar. 492.6 494.5 32.9 34.8 518.4 517.5 58.7 57.8 

Apr. 506.3 505.6 46.6 45.9 510.6 520.2 50.9 60.5 

May 518.0 517.2 58.3 57.5 522.4 522.6 62.7 62.9 

June 528.2 527.5 68.5 67.8 526.0 526.4 66.3 66.7 

July 532.8 532.5 731 Ve, 530.5 530.5 70.8 70.8 

Aug. 530.5 530.5 70.8 70.8 530.7 531.6 71.0 71.9 

Sept. 523.2 523.8 63.5 64.1 520.5 529.9 69.8 70.2 

Oct. 512.5 512.1 52.8 52.4 525.6 525.6 65.9 65.9 

Nov. 499.8 499.1 40.1 30.4 522.2 521.5 62.5 61.9 

Dec. 488.9 489.4 29.2 20.7 516.8 517.3 57.1 57.6 

New York. 5 Omaha, 6 

Absolute Usual Absolute Usual 

A B A B A B A B 
Jan. AOTC AO Ie? Tara 2all ese Ow AS3:A° . (ABOG) 23.7° || 20:0° 

Feb. 491.8 491.3 32:1 31.6 486.1 485.4 26.4 25.7 

Mar. 498.7, 4088 39.0 39.1 495.7" "G7. "36:0 |!” 37:0 
Apr. 500.4 508.7 49.7 49.0 512.6 510.5 52.9 50.8 

May 520.6 519.6 60.9 50.9 522.7 522.1 63.0 62.4 

June 520.3 528.7 69.6 69.0 532.9 531.6 73.2 71.9 

July 5344) 534.0) F747 7h Bay Os SSFe 8 Zee 7S 
Aug. §32.0 5327" 720. 73.0 535.0 (0) 584.0. 75.8.) 75s1 
Sept. 526.4 526.5 66.7 66.8 525.5 526.5 65.8 66.8 

Oct. 516.3 516.2 56.6 56.5 514.9 513.8 55.2 54.1 
Nov. 504.9 504.5 45.2 44.8 499.6 | ,.1407.6 30.0) | 37:9 
Dec. 494.7 494.5 35.0 34.8 487.1 486.7 27.4 27.0 
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TABLE 3—continued 

Category A Category B 

Wolf sunspot numbers < 20 Wolf sunspot numbers > 20 

Salt Lake City. 7 St. Louis. 8 

Absolute Usual Absolute Usual 

A B A B A B A B 
Jan. 488.8° 487.8° 29.1° 28.1° AQ3:07, AGIA: | S30; a sieAr 

Feb. AG20. V5403-0. i 332) °33-3 495.0 494.5 35.3 348 
Mar. 501.3 500.6 41.6 40.9 502.8 504.6 43.1 44.9 

Apr. 500.7 500.4 50.0 49.7 516.6 515.2 56.9 55.5 

May 518.2 517.5 58.5 57.8 526.5 525.6 66.8 65.9 

June 527.5 520.7 67.8 67.0 530.0 534.5 76.3 74.8 

July 536.2 535.7 76.5 76.0 540.3 539.0 80.6 78.3 

Aug. Sag 5ShS 7) 74.6 537-7 5387-4 W780 Fee 
Sept. 524.4 524.2 64.7 64.5 520.7 530.3 70.0 70.6 

Oct. 512.8 512.0 53-1 52.3 519.0 518.3 58.3 58.6 

Nov. 501.2 499.1 41.5 30.4 506.2 504.2 46.5 44.5 

Dec. A900" 5 400.4, 9-BU2> | 317 495-3 494.8 35.6 35.1 

St. Paul. 9 Washington. 10 

Absolute Usual Absolute Usual 
oF ao 

A B A B A B x ae 
Jan. ATA 473.0" 143° | 1T-O° 495.3° 404.3° 35.6°  34.6° 
Feb. 476.5 476.2 16.8 16.4 495.8 405.5 36.1 35.8 

Mar. 488.1 489.6 28.4 20.9 502.7 503.6 43.0 43.9 

Apr. 506.3 504.8 46.6 45.1 514.0 513.9 54.3 54.2 

May 518.5 517.6 58.8 57.9 524.6 523.9 64.9 64.2 

June 528.3 526.5 68.6 66.8 532.8 532.4 F3ek 72.7 

July SSS Ti SS 2t4" 83) 1727 537-2 530.5 9775 7o8 
Aug. 520:7 1.5209: 70:0" (70:2 5345 9) 534.8 74s 75a 
Sept. 519.9 521.1 60.2 61.4 528.2 528.3 68.5 68.6 

Oct. 509.2 508.1 49.5 48.4 See 517.0 57.5 57.3 

Noy. 493-4 491.2 33.7 31.5 506.1 505.8 46.4 46.1 

Dec. 479.8 470.0 20.1 19.3 496.8 496.4 30.1 36.7 

The same 27 harmonic periods were evaluated for temperature fore- 
casts that were used for precipitation forecasts (see Publ. 4390). As 

stated above, atmospheric changes required division of the monthly 

temperature records, 1870 through 1956, into 220 groups. Each pe- 
riod was determined in form and amplitude by employing these groups 
as was described in Publication 4390 and other papers cited therein. 

Thereby a table of 216 months, 27 columns wide, was formed to cover 
the interval 1950 through 1967. The columns were added together 

across the table to make a single column of temperature forecasts for 

each city for the years 1950 through 1967. This column was desig- 

nated “3.” A parallel column designated “Obs” contained the ob- 

served temperatures of 108 months, 1950 through 1959. Both columns 
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were representative, not of absolute Fahrenheit degrees of tempera- 

ture, but of percentages of the normals A and B of table 3. One 

might regard them as flowing functions, 1+X and 1+, times the 
normal temperatures A and B, where X and Y are flowing variables, 

each ranging from —8o0 to +150 ten-thousandths. 

Taking the mean 1+ X and the mean 1+ Y, used as multipliers of 

the normals A and B, these normals could be transferred into new 

normals suited to the atmospheric conditions prevailing from 1950 

through 1959. By assumption these new normals were usable in the 

forecasts from 1960 through 1967. But, as stated above, it was found 

that neither in scale nor in level did the new normals from X agree 

with the new normals from Y. To make the & values fairly compa- 
rable with the Obs values, a scale correction to & was first determined. 

This was done as stated above by plotting % and Obs from 1950 
through 1959, and obtaining the mean ratio of amplitudes of some 

half-dozen principal obviously common features of the two curves. 

After this adjustment of scale a level correction to 3 was computed. 

This was the ratio of the sums of scale-corrected = to the unchanged 

Obs for the years 1950 through 1959. Applying it, the two variables 

became justly comparable. As thus reconciled, the new final normal 
absolute temperatures were tabulated, and then they were reduced to 

ordinary Fahrenheit by subtracting 459.7°. In this form the new 
normals, which are assumed to be suited to the atmospheric conditions 

1950 through 1967, are given in table 4. 

Subtracting the new normals from the two reconciled columns of = 
and Obs we obtained the monthly march of Obs from 1950 through 

1959, and that of % from 1950 through 1967. The march & after 
1960 represents the forecast of chief interest. But the comparative 
marches of = and Obs 1950 through 1959 gives the evidence on which 
a judgment of the probable value of the forecast 1960 through 1967 

principally depends. 

For convenient general views of the predicted march of tempera- 

ture, I give in table 6 4-month mean values of the forecasted de- 

partures from normal 1950 through 1967, together with 4-month 

means of the observed departures from normal 1950 through 19509. 
From a comparison of these Io years a judgment may be formed of 
the worth of the forecast after 1959. 

As further evidence of the value of the forecast I give in table 7 

the average discrepancy between forecast and event 1950 through 1959 
and the average algebraic mean difference to show that the corrections 

for scale and level combined closely reconciled forecast and event. 
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As further evidence in justification of this method of very long- 
range forecasting of temperatures, I give table 8 (p. 37) showing the 

relative percent numbers of cases when forecasts and events lay on 
the same and on opposite sides of normal. 

As in Publication 4390, I give United States maps (pp. 38-46) 
showing the 4-month mean departures from normal of the forecast 
1960 through 1967. The number of stations is too small to warrant 
further general comment as to temperatures of the whole country, 
but a partial view of this may be perceived in these maps. Numbers 
relate to names as in table 8. 
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THEYCATERPILGAR AND THE BUTTERFLY 

By R. E. SNODGRASS 

Research Associate 

Smithsonian Institution 

INTRODUCTION 

The caterpillar and the butterfly are here given the title role because 
they are a familiar example of those insects in which the young differ 
so much from their parents that they must go through a reconstruction 
called a metamorphosis in order to attain their own adult form. So 
well known, in fact, is the apparent transformation of the wormlike 
caterpillar into the splendid winged butterfly, and so marvelous does 
it seem, that it has been taken as a symbol of human resurrection. In 
ancient Greek the human mind or soul was called psyche, and the same 

name was given to the butterfly, presumably the emancipated soul of 
the caterpillar. Though the process of resurrection is obscure, and 
the fact has perhaps not been fully demonstrated, we now know 
almost the whole story of how the caterpillar appears to become a 
butterfly. Furthermore, in recent years students of insect meta- 
morphosis have given much attention to the role of hormones in con- 
trolling the life of the young insect and the development of the 
adult. In short, almost the whole of modern studies on insect meta- 

morphosis has been devoted to understanding the change of the larval 
insect to the adult, or imago. 

On the other hand, little attention has been given to the question 
as to how or why did the young moth or butterfly ever become such 
a thing as a caterpillar, a creature so different in every way from its 
parents. It would indeed be a wise butterfly that knows its own child, 
since probably it has no memory of its own youthful life as a cater- 
pillar. Equally certain is it that the caterpillar has no idea that it 
will ever be a butterfly. 

With most animals, including many insects, the young resemble 
their parents except in matters of immaturity. Consider the young 
grasshopper or the young cockroach—they differ from their parents 
principally in the incomplete development of their wings and the 
external genital organs. They have no need to fly since they live in 
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_ the same habitat as their parents, have the same kind of mouth parts, 

and eat the same kind of food. There is no reason why the young of 
such insects should be radically different from their parents. They 
are able to develop gradually into the adult form. Many other insects 
are in the same class and go through life without any metamorphosis. 

Let us suppose now that the adults of some other insects far back 
in the early days of their evolution adopted a way of feeding that 
depended on their ability to fly and became structurally adapted to 
obtaining a special kind of food. If the young of these insects had to 
inherit the new kind of feeding organs of their parents, being unable 
to fly, they would be left to starve and the species would die out. To 
prevent such a calamity the usual laws of heredity have somehow been 
set aside in such cases, allowing the young insect to undergo an evolu- 
tion on its own part adapting it structurally to some suitable environ- 
ment where it could live and grow to maturity. A good example is 
the dragonfly ; the flightless young insect could not catch mosquitoes in 
the air as do its parents, so it took to the water where plenty of live 
food was available, and has become structurally so individualized that 
it now has no resemblance to its parents. Likewise the young mosquito 
without wings could not practice bloodsucking as does its mother, or 

the nectar-feeding of its father, so it also became aquatic and has 
been equipped for its own way of feeding in the water. Adult fleas 
are wingless, but they have substituted jumping legs for wings and are 
able to feed on the blood of vertebrate animals. The larval flea thus 
left where it was hatched has to make the best of the circumstances by 
feeding on whatever it can find, but its form and mouth parts are 
suitable to the life it has to lead. The wasps and the bees take care 
of their helpless larvae, but the young of insects deserted by their 
parents receive special attention from nature. 

Most any of the lower insects undergo some changes at the last 
moult, such as the completion of the wings and the external genital or- 
gans, or a remodeling of the shape and proportions of the body. Such 
changes may be called “metamorphosis” in a literal sense, but they are 
merely the final stage of normal adult development. A true meta- 

morphosis involves the discarding of specialized larval characters, 
which allows the completion of adult development, and differs in 
degree according to the degree of aberration of the young from the 
adult structure. Various cases might be cited in which the young insect 
differs from its parents only in some minor character of its own, which 
is discarded at the last moult. 

A very simple example of metamorphosis due to juvenile specializa- 
tion is seen in the cicada. The young nymph of the seventeen-year 
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cicada (fig. 2A) as compared with the adult is more elongate and 
cylindrical, with the front of the head strongly protruding and 
rounded, but it has a special juvenile feature in the form of the front 
legs. These legs are modified for burrowing during the underground 
life of the nymph, and later (B) for climbing when it comes out of 
the ground. The under surface of the femur is armed with strong 

Fic. 2—Young nymph of the seventeen-year cicada, and change in the front 
leg from nymph (B) to adult (C). 

teeth, the tibia is toothed at its end, and the slender, undivided tarsus 

is freely attached to its mesal surface. At the moult to the adult the 

cuticle of these larval legs is cast off, and the adult leg (C) appears in 
the typical mature form. The leg epidermis simply forms two kinds 
of legs, one for the nymph, the other for the imago, but the nymphal 
leg is a special adaptation for the nymph. 

It would be interesting to know when and how the young cicadas 
first became adapted to underground life. With most insects of which 
the young have a special habitat, the female lays her eggs where the 
young will live. The female cicada, however, following the tradition 
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of her race, inserts her eggs into the stems of trees, suggestive that 
formerly the young cicadas lived on the trees, as do young aphids and 
scale insects. At present, the young cicadas simply drop off the trees 
to the ground, a habit that may have been accidental at first, but gave 
a better chance of survival. Here, then, is a case where the young 
insects have deserted their parents, and fortunately became structurally 
adapted to a subterranean burrowing life. Also in the ground they 
were able to prolong their lives. 

From the case of the cicada it is only a step, though perhaps a 
long one, to that of the dragonfly in which the young insect has become 
entirely different from its parents in adaptation to living and feeding 
in the water, but still it reverts to the adult structure at one moult. The 

same is true of some other insects, such as the mayflies and the 
stoneflies. 

As this process of independent juvenile specialization is carried 
still farther in the higher insects, affecting not only the external form 
but the internal organs as well, many of the larval tissues and organs 
become so different from those of the adult that they have to be 
destroyed. The corresponding adult parts are then newly built up, 
in which case it can hardly be said that the larva is metamorphosed 
into the imago. It now becomes necessary for a reconstructive stage, 
or pupa, to intervene between the larva and the fully formed imago, 
which is liberated by a final moult. The insect is now said to be “holo- 

metabolous.” The holometabolous insect becomes virtually two distinct 
animals separated by the pupa, in which one is broken down and the 
other newly constructed. 

Now the question comes up as to how does one egg produce two 
individuals so different as the larva and the adult may be. This is 
probably a question for the geneticists to explain, but so far as known 

to the writer they have not done so. However, since gene mutations 
affect adult structures, they should produce modifications also in 
juvenile stages. If a mutation is beneficial to the adult, it can be 
preserved ; when useful only to the young insect, it must be discarded 
at the moult to the imago, but restored to the next larval generation. 

Experimentally it has been shown that the egg is potentially both 

larval and adult, but the fact does not explain how it has come to be so. 
We can surmise that the egg contains two sets of chromosomes or 
two kinds of genes, but how did this condition arise only in cases 
where the young insect could not lead the life of its parents and had 

to be given a form of its own? In the course of normal development 
the young animal naturally comes first, so in the case of double 
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development the larval form, whatever it may be, precedes the adult. 
The larva is the direct development from the egg, but it carries the 
factors of adult development suppressed temporarily until the larva 
has completed its growth, which then allow the adult development to 
proceed. 

It may be disputed whether the holometabolous insects represent 
one or several lines of descent. There is no modern larva that might 
plausibly be selected as of the type from which the others may have 
been evolved. Yet all holometabolous larvae have one feature in 
common, which is the internal development of the wings. Just what 

essential survival value the endopterous condition may have had is 
difficult to see, since the young of numerous other insects seem to get 
along very well with external wing pads. However, whatever may 
have been the form of the primary holometabolous larva, or why it 
became endopterous, it seems highly probable that external wingless- 
ness was a condition favorable for many potential habitats, and thus 
led to the great diversification of modern larval structure in adaptation 
to various ways of living. The association of the endopterous condi- 

tion of the larva with holometabolism is probably because internal 
wing rudiments could become fully developed external wings only 

in a pupal stage. 

Of all the holometabolous larvae, the lepidopterous caterpillar is 
structurally one of the most standardized. Though caterpillars differ 
in size and details of structure, they never depart from the funda- 
mental caterpillar organization. By way of contrast consider the 
difference among the Diptera between a mosquito larva and the 
maggot of a muscoid fly, or in the Hymenoptera the contrast between 
a sawfly larva and the larva of a wasp or bee. Some function of the 
caterpillar has demanded a basic uniformity of structure in all species. 

In conformity with the principle already discussed that the adult 
insect is responsible for the structure of the larva, we must look to 
the moth or butterfly to find the reason for the caterpillar. 

EVOLUTION OF THE ADULT 

The moths and butterflies are named Lepidoptera because of their 
scaly wings, but their scales do not make them what they are, any 
more than do the bright colors that many of them wear. The mosquito 
has scales on its wings, and some moths have clear wings. The typical 
lepidopteron is distinguished from all other insects by the possession 
of a tubular, nonpiercing, maxillary proboscis, coiled beneath the 
head when not in use (fig. 3 E). The other mouth parts are much 



6 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

_ reduced or suppressed, and the proboscis limits the diet of the moth 
or butterfly to readily accessible liquids, which are mostly the nectar 

of flowers. This fact determines the essential structure not only of 
the adult lepidopteron, but that of the caterpillar as well. The intake 
of liquid food necessitates the possession of an efficient sucking 
apparatus connected with the alimentary canal, while the alimentary 
canal itself can be much simplified by comparison with that of an 
insect that feeds on solid food. 

Butterflies, it is true, do not feed entirely on nectar ; some are able 

to rasp fruit for the juice, others may suck up sap exuding from trees, 
or imbibe honeydew from aphids, and they have been seen apparently 
feeding on carrion and excreta. They all drink water. So far as 
known, the only digestive enzyme of adult Lepidoptera is invertase. 
Swingle (1928) reports the presence of only this enzyme in the 
oriental fruit moth, and in elaborate studies on digestion in various 
adult Lepidoptera Stober (1927) found no other digestive enzyme 
than invertase. It appears, therefore, that adult Lepidoptera can digest 
only cane sugar. When small quantities of starch, fat, or protein 

(blood) are mixed with their food, these substances, Stober says, 

remain unchanged in the stomach. Glucose, of course, can be absorbed 

as obtained in nature. Species with reduced mouth parts that do not 
feed as adults were found to have no digestive enzymes. It is not 

known what butterflies seen apparently feeding on carrion or excre- 

ment may get from such sources. Possibly the juices contain products 
of bacterial decomposition that can be directly absorbed as predigested 
food. 

Inasmuch as a few modern moths have vestigial mandibles, there 

can be little question that present-day Lepidoptera are descended from 

adult progenitors that fed on solid food. Their adaptation for a liquid 
diet, therefore, must have been made when the early ancestors of the 
moths and butterflies renounced solid food for liquids. The proboscis 
is formed of the maxillary galeae, and is probably not a functional 
organ of great antiquity, since early stages of its evolution are still 
preserved in two primitive families, the Eriocraniidae and the Mnes- 

archaeidae. Except for one doubtful form, fossil Lepidoptera are not 
known much before the Eocene. 

At the time when the Lepidoptera first appeared in evolution, the 
mutual relationship between flowers and insects had already been 
established. Flowers had bright colors and probably attractive odors, 

and their pollen formed a nutritious food for insects. Thus the plants 
fed the insects, and the insects pollinated the plants. 

The Micropterygidae have long been regarded as a primitive 
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lepidopterous family, but taxonomists now assign them to a separate 
order, the Zeugloptera (Chapman, 1917), which Hinton (1946) con- 

tends is more primitive even than the Trichoptera. However, what- 
ever may be the correct classification of the micropterygids, their 

Fic. 3.—Evolution of the lepidopterous proboscis, and the sucking pump 
(A,B,C, from Tillyard, 1923). 

A, Maxilla of Micropteryx auruncella. B, Maxilla of Eriocrania semiperpurella. 
C, Maxilla of Mnesarchaea paracosma. D, base of a typical, fully developed 
lepidopterous maxilla. E, Head of Sanninoidea exitiosa. F, Section of head of 
sphinx moth, diagrammatic, showing the sucking pump and its muscles. 

ancestors must have had some relation to the ancestors of the Lepidop- 
tera, and their modern mouth parts may be taken as an approximate 
example of the feeding organs of the lepidopterous progenitors. The 

adult micropterygids have well-developed functional jawlike mandi- 
bles. The maxillae (fig. 3 A) are of generalized structure, each organ 
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having a small, simple lacinia and a galea, and a long 5-segmented 
palpus. A detailed comparative description of the mouth parts of 
several micropterygid species is given by Issiki (1931), but he says 
nothing of the food or feeding habits of the insects. According to 
Tillyard (1923) the mandibles of Sabatinca “work in conjunction 
with the epipharyngeal and hypopharyngeal brushes and the triturat- 
ing basket of the hypopharynx as grinders of the minute pollen grains 
or other fine vegetable matter which form the food of the imago.” 
Hannemann (1956) says the long flexible maxillary palpi are used for 
bringing the food into the mouth, 

If the mandibulate progenitors of the Lepidoptera fed on pollen, 
they had easy access to nectar, their problem being how to obtain it 
from the depth of the flower corollas. If, then, some fortunate muta- 
tion happened to lengthen the maxillary galeae, the latter may have 
enabled their possessors to get a taste of nectar. The next step in the 
evolution of a maxillary proboscis is seen in the modern Eriocraniidae, 
in which the galea of each maxilla is much elongated, curved, and 
grooved on its inner surface (fig. 3 B), while the lacinia is entirely 
suppressed. According to Busck and Boéving (1914) in Mnemonica 
auricyania the galeae have marginal serrations that serve to connect 
them with each other. In the Mnesarchaeidae the galeae are still more 

lengthened (C), and the maxillary palpi are reduced to three small 
segments. From the condition in these two primitive lepidopterous 
families it is but another step in the same direction to the long, coiled 
proboscis typical of the other Lepidoptera (fig. 3 E), in which the 
base of the maxilla (D) retains the form it has in the eriocraniids. 
Along with the development of the proboscis the mandibles underwent 
a reduction until they became functionless vestiges or disappeared 
altogether. From an early stage in their evolution, therefore, the 
Lepidoptera became entirely liquid feeders. 

The fully developed proboscis of modern Lepidoptera is a truly 
remarkable instrument. When not in use it remains tightly coiled 
beneath the head, but it can be straightened out to its full length for 
insertion into flowers to serve as a nectar conduit. A detailed study 
of the structure and mechanism of the proboscis of Pieris brassicae 
has been made by Eastham and Eassa (1955), in which they critically 
review and correct certain ideas on how the proboscis works expressed 
by earlier writers. 
A proboscis alone could not serve for the ingestion of liquid food; 

a sucking apparatus must have been developed along with the evolu- 

tion of the proboscis. In Micropteryx it is shown by Hannemann 
(1956) that the slender oesophagus opens directly from the preoral 
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cavity and that there is no pharyngeal dilatation. All Lepidoptera that 
feed in the adult stage, however, are provided with a sucking pump 
in the head connected with the base of the proboscis and continuous 
into the oesophagus. In a comparative study of the pump, Schmitt 
(1938) shows that the organ varies somewhat in size and structure in 

different species, but is always operated by two sets of dilator muscles 
separated by the frontal ganglion and its brain connectives. The 
preganglion muscles arise on the clypeal region of the head, the post- 

Fic. 4.—Alimentary canal of adult moths. 

A, Malacosoma americanum. B, Sanninoidea exitiosa. 
alnt, anterior intestine; Mal, Malpighian tubules (not shown full length) ; 

Oe, oesophagus; Rect, rectum; Vent, ventriculus; Ves, oesophageal vesicle. 

ganglion muscles on the frontal region. The lepidopterous food pump, 
therefore, is a combination of the preoral cibarium and the postoral 
pharynx. The same type of pump is described by Srivastava (1957) 
in Papilio demoleus, and is strongly developed in the sphinx moth 
(fig. 3 F, Pmp). Its principal dilator muscles (3,4,5) arise on the 
frons (Fr) and are therefore pharyngeal, the anterior muscles (1,2) 

arising on the clypeal region (C/p) are cibarial. The sucking pump 
of the honey bee is also cibario-pharyngeal, but in most sucking insects 
the pump is entirely cibarial. 

In contrast to the highly developed sucking apparatus, the alimen- 
tary canal of adult Lepidoptera is much simplified, as might be ex- 
pected of a nectar-feeding insect. In the moth of the tent caterpillar 
(fig. 4A), for example, the oesophagus (Oe) is a long slender tube 
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traversing the thorax from the sucking pump in the head to the an- 
terior part of the abdomen, where it joins the stomach, or ventriculus 

(Vent). Just before the stomach the oesophagus bears dorsally a 
diverticulum in the form of a thin-walled vesicle (Ves), which has 
been supposed to be a reservoir for liquid food, but generally it is 
found to contain air. The very short ventriculus has no caeca, and its 
walls are thrown into circular folds. Following the ventriculus is a 
long, slender intestinal tube (a/nt), which opens into the under side 
of a large rectal sac (Rect). Ina peach borer moth (B) the alimentary 
canal is an even more slender tube, except for the oesophageal diver- 
ticulum and the rectal sac. The alimentary canal of the monarch 
butterfly Danais plexippus, as described by Burgess (1880) under 
the name archippus, and recently figured by Ehrlich and Davidson 
(1961) differs in no essential way from that of the moths, though the 
oesophageal diverticulum is half or two-thirds the length of the 
abdomen. According to Burgess the delicate walls of the diverticulum 
are well supplied with slender longitudinal and transverse muscle 
fibers, but the sac contains nothing but air. 

Long coiled glands opening by a common duct at the base of the 

labium have been described or figured in various adult Lepidoptera 

(see Schmitt, 1938; Srivastava, 1957; Ehrlich and Davidson, 1961). 

These glands have replaced the larval silk glands, and are presumably 

salivary in function. In the honey bee larva the silk glands completely 

break down after spinning, and the salivary glands of the adult are 

regenerated from anterior remnants of the larval ducts. 

The Malpighian tubules arise from the anterior end of the intestine 

as a pair of tubes varying in length, in some species swollen into 

bladderlike vesicles. Each primary tubule divides into two, and 

usually one of these again divides, giving three tubules in all on each 

side. The tubules may form a tangled mass around the stomach and 

the intestine, and in some species at least their posterior ends are 

inserted beneath the muscular coat of the rectum. 

It is clear that the basic specialization of adult Lepidoptera is a 

structural adaptation for feeding on nectar contained in the depths of 

flower corollas. That sugars are their only food is evident from their 

lack of digestive enzymes other than invertase. Though nectar was 

formerly a favorite drink of the gods, it must be a very inadequate 

diet even for a moth or butterfly. The female at least needs proteins 

for the production of yolk-filled eggs. Hence it should be the duty 

of the caterpillar to store up food reserves in its body to supplement 

its diet in its own adult stage. The tent caterpillar moth, Malacosoma 

americanum, is a species that takes no food in the adult stage, but 
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the ovaries are fully stocked with ripe eggs on emergence of the fe- 
male, ready to be laid as soon as fertlized. In this case the egg-forming 
material must have been received from the caterpillar. The lepidop- 
terous caterpillar, therefore, should be a larva primarily constructed 
for the function of general feeding. According to Stober (1927) it 
is provided with enzymes for the digestion of sugar, starches, fats, 

and proteins. Babers and Woke (1937) report that digestive enzymes 
of the southern armyworm include amylase, maltase, glycogenase, 
invertase, rennin, lipase, trypsin, and erepsin. The caterpillar is thus 
evidently equipped to handle any kind of food. It is the dietetic 
limitation of the adult, therefore, that has brought about the structure 
of the caterpillar, and the caterpillar is responsible for the life of the 
adult. An investigation of the caterpillar now will show just how well 
it has met its obligations. 

THE CATERPILLAR 

A typical modern caterpillar (fig. 5 A) has a long, soft, cylindrical 
body of 13 segments, and a sclerotized head. On each side of the 
head (B) is a group of six small simple eyes. The antennae (Ant) 
are very short, sometimes minute. The mandibles are strong biting- 
and-chewing jaws (F). On the under side of the head (C) the closely 
associated labium and maxillae form a prominent lobe containing the 
silk-spinning apparatus, which opens by a small tapering spinneret 
(Spn) at the end of the labium. The thoracic legs (A) are very 
short, but each has the usual six segments of an insect leg (D). The 
abdomen bears generally a series of short, paired, unsegmented 
appendages, known as prolegs (PrL), commonly present on segments 

ITI-VI and X. 

It is always of interest to know something of the ancestry of any 
modern animal we are trying to understand, but we know nothing of 

the nature of the primitive lepidopterous larva. Larvae of the 
Micropterygidae (fig. 6 A,B) have been described and figured by 
Chapman (1894) and by Tillyard (1922). They look as much like 
caterpillars as anything else, and the well-developed mandibles could 
pass for those of a modern caterpillar. The antennae, however, are 
long and slender (B,C), and in place of prolegs the larvae have either 
minute points (A) or more slender processes on the first eight ab- 
dominal segments (B), each ending in a single curved claw (D). 
According to Hinton (1955), these organs lack muscles, and it is 
unlikely that they are prototypes of the lepidopterous prolegs. Some 
micropterygid larvae feed in the open and spin silken cocoons. 
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Fic. 5.—External features of a caterpillar. 

A, Typical structure of a caterpillar. B, Head of a silkworm, lateral. C, Same, 
ventral. D, A thoracic leg. E, Longitudinal section of a caterpillar’s head, 
diagrammatic, showing united hypopharynx and labium enclosing the silk press 
(salivarium). F, Left mandible and muscles of a tomatoworm, anterior. 
Ab, abdomen; ab, abductor muscle; ad, adductor muscle; Ant, antenna; H, 

head; Hphy, hypopharynx; L, thoracic leg; Lb, labium; Lm, labrum; Md, 
mandible; Mx, maxilla; PrL, prolegs; Sp, spiracle; Spn, spinneret; Th, thorax. 



No. 6 CATERPILLAR AND BUTTERFLY—SNODGRASS 13 

A larva of the primitive lepidopterous family Eriocraniidae, Mne- 
monica auricyania (fig. 6 E), as shown by Busck and Boving (1914), 
has a small head and a simple tapering body of 13 segments, but being 
a leaf miner it lacks both thoracic and abdominal legs. It is in the 
Hepialidae that we first encounter a typical caterpillar (F), though 
in this case a stem borer. 

Fic. 6.—Larvae of Micropterygidae and lower Lepidoptera. (A, from Tillyard, 
1922; B,C,D, from Chapman, 1894; E, from Busck and Béving, 1914.) 

A, Sabatinca barbarica (Micropterygidae). B, Eriocephala calthella (Mi- 
cropterygidae). C, Same, antenna. D, Same, abdominal “proleg.” E, Mne- 
monica auricyanea (Eriocraniidae). F, Hepialus sp. (Hepialidae). 

To effectively perform its function of feeding, after the adult had 
adopted a nectar diet it was first necessary for the caterpillar to have 
strong biting-and-chewing mandibles, and these it inherited from its 
ancestors. At the same time it needed a stomach of a size capable of 
digesting a constant supply of leafy food, and this the modern cater- 
pillar has. Descriptions of the alimentary canal of various caterpillar 
species may be found in the papers here cited by Bordas (1911), 
Peterson (1912), Stober (1927), Neiswander (1935), Woke (1941), 

El-Sawaf (1950), and Teotia and Pathak (1957). 
The alimentary canal of a typical caterpillar almost fills the body 

(fig. 7). Beginning with the pharyngeal region (Phy) following 
the mouth (Mth) a narrow oesophagus (Oe) curves back through 

the head and in some species expands in the thorax into a huge, 
strongly muscular crop (Cr). The crop is followed by a long, thick 
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stomach, or ventriculus (Vent), occupying half the length of the 
body, and its walls are thrown into circular folds that evidently allow 
of much expansion. The proctodaeum (Proc) is differentiated into a 
short pyloric section (Py) into which open the Malpighian tubules 
(Mal), a colon, or anterior intestine (A/nt), and a large pear-shaped 
rectal sac (Rect). Clearly, the caterpillar did not inherit its alimentary 

canal from its parents (cf. fig. 4). It has been provided with a 
digestive system adequate to handle all the food it can eat, and there 
is no limit to its appetite. In a tent caterpillar with a full stomach 

y / \ = = x 
/ \ 

SoeGng skGld VNC Py alnt 

Fig. 7.—Internal organs of a caterpillar, except the fat tissue, exposed from 
the left side. 

alnt, anterior intestine; An, anus; Br, brain; Cr, crop; DV, dorsal blood 
vessel; Mal, Malpighian tubules; Mth, mouth; Oe, oesophagus; Phy, pharynx; 
Proc, proctodaeum; Py, pylorus; Rect, rectum; skGld, silk gland; SoeGng, 
suboesophageal ganglion; Stom, stomodaeum; Vent, ventriculus (stomach) ; 
VNC, ventral nerve cord. 

(fig. 8A) the latter (Vent) may extend from the thorax into the 
seventh segment of the abdomen. In an individual just after a meal 
(B) the crop (Cr) is expanded to a long sac more than twice its 
length before eating, and the stomach is correspondingly shortened. 
Crowell (1943) found that a measured amount of food goes through 
the alimentary canal of the fifth or sixth instar of the southern army- 
worm in about 34 hours. During resting periods the fore gut is cleared 
of solid food. 

Experimental studies on the feeding reactions of caterpillars and 
their senses of smell and taste have been described by Dethier in a 
series of papers (1937, 1939, 1941a, 1941b). Odor is shown to be 
the principal factor by which a phytophagous caterpillar recognizes its 
food plant. The olfactory sense organs are on the terminal segments 
of the antennae and maxillae. The caterpillar’s perception of odor is 
of very short range, but its head is always close to the feeding surface. 
In a study of Papilio larvae, which feed almost exclusively on umbel- 
liferous plants, Dethier shows that the attractive odor is that of the 
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complex chemical components of the essential oils of the Umbelliferae, 
which impart a characteristic odor to plants of this family. Caterpillars 
greedily drink sweet solutions, but give a decisive avoidance reaction 
to a salt, sour, or bitter solution. Tests on Apamea velata and Mala- 

Ny 
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mdGld-/ vi, Hh 

skcia/ /_ 
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Fic. 8.—Alimentary canal and head glands of caterpillars. Lettering as on 
figure 7, except mdGid, mandibular gland. 

A, Tent caterpillar, Malacosoma americanum, crop contracted, stomach full 
of food, greatly extended. B, Same after a period of feeding, crop extended, 
stomach contracted. C, Caterpillar of Enarmonia pseudonectis opened from 
above, showing alimentary canal, silk gland (skGld), and mandibular gland 
(mdGld) of left side (from Teotia and Pathak, 1957). 

cosoma disstria gave their sensitiveness to sugars as follows: sucrose, 
fructose, dextrose, and lactose in decreasing order. The final food 
test by the caterpillar is the taste of the leaf. The organs of gustation, 
according to Dethier, are primarily on the epipharynx, but probably 
also on the hypopharynx. Most young caterpillars do not have to hunt 
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for their food, because the female moth or butterfly usually deposits 
her eggs on the proper food plant for the larva. 

Since the usual labial salivary glands of other insects are converted 
into the silk glands of the caterpillar, many caterpillars at least have 
long tubular mandibular glands (fig. 8 C, mdGld). The secretion of 
these glands might be supposed to have a salivary function, but from 
analyses that have been made Uvarov (1928) suggests that the secre- 

tion may be of an excretory nature, 
The cylindrical body of the caterpillar accommodates the large ali- 

mentary canal, but the abdomen is too heavy to be held up by the 
thorax in the manner of adult insects. The reduction of the thoracic 

legs, therefore, allows the abdomen to follow in line with the thorax, 

and also brings the mouth parts into close contact with the feeding 
surface. The prolegs support the heavy abdomen, and serve for 
holding on tight when the caterpillar is climbing or feeding. 

The prolegs occupy the position of the abdominal limb vestiges of 
the embryo, and for this reason some writers have regarded them as 
appendages serially homologous with the thoracic legs.. In structure 

and musculature, however, the prolegs have nothing in common with 
the thoracic legs, and they are not moved in the manner of legs as 

organs of locomotion. Hinton (1955) has thoroughly discussed the 
whole subject of larval prolegs, not only in the Lepidoptera but in the 
other orders as well, and gives cogent reasons for believing that in all 
cases these legs are secondary adaptive structures of the larva having 
no relation to former abdominal appendages represented by vestiges 
in the embryo. 

A typical caterpillar proleg (fig. 9 A, G, J) is a short, thick, hollow 
outgrowth of the body wall ending with a flattened foot lobe known 

as the planta, which is armed with small hooks, or crochets. Muscles 

from the body wall are attached on the base of the leg (figs. 9 E, 
10 A), and in some cases within the leg; but the principal proleg 
muscles are a group.of long fibers from the lateral body wall inserted 
on or near the center of the planta (fig. gE). These muscles are 
plantar retractors. Inasmuch as the Onychophora and Tardigrada 
have a leg musculature similar to that of the caterpillar’s prolegs, 
Pryor (1951) points out that this type of musculature simply meets 
the need of a similar mechanism in legs of a similar structure, and can 

have no phylogenetic significance. 
The crochets are arranged in various patterns on the planta in 

different caterpillar species. Fracker (1930) and Peterson (1948) 
have made comparative studies of the crochets from a taxonomic 
standpoint without correlating their arrangement with the habits of 
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Fic. 9.—Examples of larval prolegs and crochets. 

A, Tomatoworm, Protoparce quinquefasciata, a pair of prolegs, anterior. B, 
Same, a proleg clasping a twig. C, Same, part of planta, ventral. D, Same, 
mesal surface of planta. E, Tent caterpillar, Malacosoma americanum, section 
of proleg, showing muscles. F. Tomatoworm, a_pair of crochets, anterior ; 
a, articular point on planta (D,a). G, Silkworm, Bombyx mori, a pair of pro- 
legs, anterior. H, Same, planta more enlarged. I, Diacrissia virginica, planta, 
ventral. J, Same, abdominal segment and prolegs, anterior. K, Hepialus sp., 
pair of median prolegs. L, Same, ventral surface of a median proleg showing 
crochets. M, Same, crochets of an anal proleg, ventral. 
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the caterpillars. Hinton (1955) gives a good account of the mechanism 
of the planta that operates the crochets. Only a few special examples 

will be given here. 
Prolegs typical of climbing caterpillars are well shown by the 

tomatoworm Protoparce quinquefasciata (fig. 9 A). The mesal part 

of the planta projects as a pad, which, when viewed ventrally (C), 
appears to be armed with a marginal row of larger upturned hooks and 
a submarginal row of smaller hooks. On the mesal surface of the 
pad (D) it is seen that each hook is supported on what appears to be 
a slender vertical bar in the wall of the planta. Dissection reveals, 
however, that these apparent bars are the exposed edges of the crochets 
themselves (F) which are deeply buried in grooves of the plantar 
surface, and that the visible hooks are only their free outer ends. The 
wide bases of the crochets are articulated by mesal points (F, @) in an 
even row on the plantar lobe (D). The same type of plantar structure 
is seen in the silkworm (G, H). 

In the resting caterpillar clinging to a twig, the prolegs are kept 
extended by internal body pressure, or turgor; the crochet-bearing 
pads are then turned mesally and the claws firmly grasp the support 
(fig. 9 B). The retractor muscle of the planta is attached laterad of 
the base of the crochet-bearing lobe, and, as noted by Hinton (1955), 
a contraction of the muscle turns the lobe downward and disengages 
the claws. When the caterpillar is crawling, the plantae are succes- 
sively lifted to allow the prolegs to be carried forward with the exten- 

sion of their segments. 
On flat surfaces or on the ground the crochets probably have little 

use, the prolegs serving merely as supports for the abdomen. The 
actively running arctiid caterpillars have very short prolegs (fig. 9 J). 
In the yellow woolybear Diacrisia virginica (fig. 91), the crochet- 
bearing lobe is crescent shaped with a single row of marginal upturned 
crochets. Some caterpillars are able to walk on glass by pressing the 
plantae flat against the surface. Presumably a slight contraction of 
the plantar muscles converts the feet into suction cups. Such cater- 
pillars can adhere to the glass at a steep angle, but they cannot crawl 
on a vertical glass surface. Probably they maintain a foothold in the 

same way on the surface of leaves. 

A different type of planta is seen in a stem-boring larva of Hepialus 

(fig. 6 F). The short median prolegs (fig. 9 K) end with flat plantar 
surfaces (L), each bearing a transverse oval series of larger crochets 

surrounded by an outer series of small crochets. The plantar muscle 
is attached excentrically on the plantar surface. The anal prolegs have 
each a pair of plantar discs side by side (M), with crochets only on 
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the anterior margins. Each disc has a central muscle attachment. It is 
not clear that the arrangement of the crochets here has any relation to 
the boring habits of the larva, since in other boring species the crochet 
pattern is highly variable. 

The prolegs are clearly very useful structures to the caterpillars as 
props for the abdomen and for holding on while climbing, but they are 

not active organs of locomotion. Though usually they are present on 
abdominal segments IJJ-VI and X, and are rarely more numerous, 
they are frequently fewer in number, and in leaf miners may be absent 
entirely. 

A few caterpillars, such as the case makers and the bagworms, walk 

with the thoracic legs while the body is held erect. To the ordinary 
free caterpillars, however, both the thoracic and the abdominal legs are 
of little or no use for progression, and the caterpillars have developed 

a remarkable motor mechanism for direct movement of the body itself. 
In addition to crawling and climbing, various caterpillar species have 
become leaf miners and others bore into the stems or wood of plants 
or burrow in the ground. Furthermore, most caterpillars are able to 
twist and turn in all directions, and often, while holding on with the 

abdominal legs, they raise the anterior part of the body and swing it 
about in search of new foliage on which to feed. For all these move- 
ments the caterpillars have a most elaborate body musculature (figs. 
10, 11), which includes the usual dorsal and ventral longitudinal bands 
of intersegmental muscles, and a complex outer system of small 
muscles going in various directions against the body wall. Similar 
muscle patterns in other species are illustrated by Forbes (1914). 

The common caterpillar does not walk ; as already said it progresses 

by movements of its body, not by means of its legs. It has therefore 
evolved a type of motor mechanism that propels it forward while the 

body is close to the support, and its manner of moving is not that of a 
worm or a snake. The locomotor movements are best seen on a 

slender, naked caterpillar, such as a noctuid; the following observa- 

tions were made ona species of Heliothis. When the resting caterpillar 
is about to move, the thoracic legs may first become active and some- 

what stretch the anterior part of the body, but they do not bring up 
the heavy abdomen. Forward movement is initiated by lifting the 

posterior end of the body, curving it downward and forward, so 
shifting the anal prolegs anteriorly to a new grasp on the support. 
Immediately then the deflected segments contract, straighten, and 

produce a hump on the back, while the anal legs maintain their hold, 

though reversed in position. A wave of successive forward contrac- 
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Fic. 10.—(See legend on opposite page.) 
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Fic. 10 (See opposite page).—Somatic muscles of the salt marsh caterpillar, 
Estigmene acraea. 

A, External muscles of right half of third abdominal segment as seen after 
removal of longitudinal bands, showing basal muscles of proleg. B, Right half 
of fourth abdominal segment, ventral longitudinal muscles partly removed. C, 
Ventral half of fourth abdominal segment. 

Fic. 11 (above).—Somatic muscles of the tent caterpillar, 
Malacosoma americanum. 

A, Ventral prothoracic muscles of head. B, Dorsal muscles of back of head. 
C, Right half of prothorax and head muscles. D, Same after removal of head 
muscles. E, External ventral and right lateral muscles of metathorax. F, Ven- 
tral and right external muscles of mesothorax and metathorax. 
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tion and expansion of the segments now runs rapidly forward through 
the length of the body. Each segment contracts from the rear and is 
then expanded anteriorly by the following contraction of the segment 
in front. Thus the segments successively extend forward, and finally 
the head is protruded a short distance. At the same time the dorsal 
hump runs forward like the crest of a wave along the back, lifting 
successively the prolegs of segments VJ-JJJ and carrying them for- 
ward to a new position; on reaching the thorax the thoracic legs are 
carried forward in the same manner. The anal legs then again are 

brought up for a new hold, and the whole series of events is repeated 
every few seconds. The caterpillar thus progresses at a uniform rate 
by short forward thrusts of the body. Some species crawl with less 
exertion, the anal legs being simply moved forward with little hump- 
ing of the body. 

The only contribution of the legs to the locomotion of the crawling 
caterpillar is the successive forward movement of the anal prolegs. 
These legs are often more strongly musculated than the others. Their 
reversal of position as the body advances gives them the appearance of 
pushing forward, but it is the body moving away from them that alters 
their slant. 

Since the motor force of the caterpillar’s movement is the successive 
contraction of the body segments from behind forward, locomotion is 
produced evidently by the dorsal and ventral bands of longitudinal 
muscles of segmental length. There being no muscular mechanism of 
expansion, contraction has been made the effective agent of forward 
movement, each contracting segment expanding the segment behind 
in a forward direction. Other writers, as Barth (1937) and Fiedler 
(1938), have attributed the caterpillar’s movement to contraction of 
the segments without noting the expansion. The locomotor mechanism 
of the caterpillar is clearly a substitute for leg action, but in no way 
resembles that of the earthworm. The legless worm moves forward 
by a compression of the rear part of the body, which extends the 
anterior part by internal pressure. Nothing of this sort is evident 
in the caterpillar. The caterpillar’s method of locomotion depends on 
the soft, flexible nature of the integument, and the successive contrac- 
tion of the longitudinal muscles in individual segments. In a last 
analysis, therefore, locomotion is controlled by the action of the 
nervous system in momentarily stimulating the segmental muscles in 
order from the rear forward. 

Barth (1937) terms the locomotor movements of the caterpillar 
“peristaltic.” Peristalsis (Gr. peristalticos, clasping or compressing), 
however, is a propagated series of circular (peri) contractions through 
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a tube, such as the oesophagus, that drives the contents of the tube 
through the lumen. The caterpillar type of movement, on the other 
hand, is a successive lengthwise contraction and expansion of the body 

segments that gives a forward motion to the tube itself, in this case 
the caterpillar. Barth, however, makes a detailed analysis of the 
muscles involved in the progressive movements of the caterpillar. 
He points out, furthermore, that the preservation of internal pressure, 
or turgor, is an important factor in maintaining the action of the 
muscles. This function he ascribes to the outer system of body-wall 
muscles, which counteracts a dilation of the soft integument of the 
caterpillar that would otherwise reduce the turgor. The somatic 
musculature, according to Barth, is thus composed of locomotor 
muscles and turgor-preserving muscles. 

Caterpillars of the Geometridae, the loopers, or measuringworms, 
have adopted a method of locomotion by which they can progress at 
a much greater speed than the ordinary caterpillar. In these cater- 
pillars (fig. 12 A) the prolegs of only segments VJ and X are func- 
tional organs, the others have been eliminated or greatly reduced in 
size. Instead of making a short forward step with the anal legs and 
then extending the body a corresponding distance, the geometrids, 
while holding to the support with the thoracic legs, bring the prolegs 
of segment VJ clear up to the thorax (C), thus throwing the first five 

abdominal segments into a dorsal loop. Then, retaining their grip by 
the prolegs, they straighten the body forward and upward, and finally 
bring it down on the support ready to repeat the action. By this 
method, with each forward step, the caterpillar advances a distance 
(a) equal to the length of the first five abdominal segments. The rate 
of progression can be varied; the caterpillar may go along at a lei- 
surely pace but when in a hurry it loops and straightens in rapid 
succession. According to Barth (1937) the geometrids are not able to 
crawl in the manner of other caterpillars. In their movements there 
is no visible contraction and expansion of the body segments. 

If the prime function of the caterpillar is feeding and the storage 
of food reserves in its body as fuel for the pupa or to supplement 
the sugar diet of the adult, it may be accredited with having fully met 
its obligations. Almost its entire organization is a reconstructive adap- 
tation for feeding. This is seen in the structure of the mandibles, the 
long, soft, flexible body, the shortness of the thoracic legs, the presence 
of prolegs on the abdomen, the great size of the stomach, the abun- 
dance of fat tissue for food conservation, the extraordinary develop- 
ment of the muscular system, the body mechanism of locomotion, and 
the correlated action of the nervous system. All these features are 
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adaptations for procuring, consuming, and digesting an abundance of 
food, and for storing a surplus for the pupa and the adult. The fact 
that some moths have found it unnecessary to eat at all in the adult 

Fic. 12.—Geometridae. 

A, Caterpillars of the spring cankerworms Paleacrita vernata. B, Female 
moth of spring cankerworm laying eggs. C, Successive locomotor phases of a 
geometrid caterpillar; a, distance advanced with each extension after looping. 

stage would seem to attest the efficiency of the caterpillar as a provider 
for the whole life span of the individual. The only organs not 
particularly involved in the adaptive specialization of the caterpillar 
are the heart, the tracheal system, and the nervous system in its 
gross structure. 
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The larval tracheal system is highly elaborate (fig. 13), but in no 

way specialized. The nervous system of a noctuid caterpillar is de- 
scribed by DuPorte (1914) and that of a hepialid by Swaine (1920- 
21). In the hepialid Sthenopis thule and an eriocraniid, according to 
Swaine, there are eight abdominal ganglia, but the connectives in both 
the thorax and the abdomen are fused into single interganglionic 

strands. The same is true of a species of Hepialus examined by the 
writer. The union of the nerve connections is thus a specialized 
feature in this otherwise relatively primitive group. On the other 
hand, in caterpillars of the higher Lepidoptera the last two ganglia 

are united in the seventh abdominal segment. 
The theory that would explain the different forms of holometab- 

olous larvae on the assumption that they have hatched at different 
stages of embryonic development assigns the caterpillar to the polypod 
stage of embryogeny. The polypod stage is that in which rudiments 
of the gnathal and thoracic appendages are well formed, and vestiges 
of limbs are present on the abdomen. This stage of the embryo 
presumably represents a disappearing “centipede” stage in the evolu- 
tion of the insects. 

The polypod theory as applied to the caterpillar encounters two 

principal objections. First, it assumes that the abdominal prolegs of 
the larva are serially homologous with the thoracic legs, an assumption 
that is highly improbable. Second, if we look at an embryo in the 
polypod stage of development, such as that shown by Eastham (1930) 

for Pieris rapae (fig. 14), it is seen that the head is still in a very 
primitive state. The gnathal segments are not yet added to the 

embryonic head (emH), and the prospective mouth parts (Md, 1M x, 

2M.) are mere undifferentiated lobes. Yet, when the larva leaves the 

egg it is already a perfectly formed young caterpillar. The head is a 
syncephalon, the mouth parts are fully developed for feeding and 
silk spinning. All this is quite at variance with the idea that the 
caterpillar is an arrested polypod stage of the embryo. 

While in most ways the caterpillar is structurally and functionally 
subservient to the adult, in one respect it has been self-centered. This 

is in its production and spinning of silk, which seems to have no 
primary relation to the welfare of the moth or butterfly. The silk is 
formed in the labial glands, which ordinarily in other insects secrete 
saliva. Since caterpillars use their silk in various ways, it is not clear 
what use it may have been to them in the first place. 

True silk is formed only by arthropods, particularly the insects and 
spiders, but the silk-producing organs may be glands in quite different 
parts of the body having no homology with one another. Silk produc- 
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Fic. 13—Examples of the tracheal system of a caterpillar. 

A, Cutworm (noctuid), ventral half of thorax and first two abdominal seg- 

ments. B, Same, thoracic segments with muscles removed. C, Same, ventral 

tracheation of end of abdomen. D, Corn ear worm, H eliothis zea, gonads and 

their tracheation in fifth abdominal segment; Dect, duct; Gon, gonad; Lig, 

suspensory ligament. 
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tion by the labial glands is common to the larvae of Trichoptera, 
Lepidoptera, and Hymenoptera, and it may be supposed that the func- 
tional change in the glands took place in the common ancestors of 
these three groups. Among the Neuroptera some species secrete silk 
in the Malpighian tubules and spin it from the anus. The female of 
the water beetle Hydrophilus pistaceus, described by Lesperon (1937), 
deposits her eggs on the lower surface of the leaves or stems of water 
plants enclosed in a cocoon of silk spun from glands opening into the 
oviducts at the bases of the ovaries. A luminous, silk-spinning 

Fic. 14.—The polypod stage of the embryo of Pieris rapae 
(from Eastham, 1930). 

Ab, abdomen; Ant, antenna; emH, embryonic head; L, thoracic leg; Md, 
mandible; rM-+x, first maxilla; 2M, second maxilla. 

mycetophilid fly larva, Bolitophila luminosa, as described by Ganguly 
(1960), produces silk in the labial glands and spins it as a snare for 
capturing insects attracted by light generated in its Malpighian tubules. 
The so-called balloon fly, Hilara of the Empididae, has been shown 
by Eltringham (1928) to spin its silk from glands in the enlarged 
basal tarsomeres of the fore legs. The Embioptera are well known 
to spin silk from glands in the fore tarsi. The art of silk spinning 
has been most highly cultivated by the spiders, whose silk glands are 
in the abdomen. 

Lesperon (1937) has described the histology and physiology of the 

silk glands and the secretion of silk in the several groups of silk- 
spinning insects. Bradfield (1951) discusses the relation of phos- 
phatases and nucleic acids in the silk glands of spiders and caterpillars, 

showing their function in the secretion and discharge of silk from 
the glands. 

Of the various ways that caterpillars use their silk, we may note 
the following. Some species that live in trees but pupate on the 
ground let themselves down by dropping at the end of a thread drawn 
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out from the spinneret. Others spin a web on the smooth surface of 
a leaf on which they are feeding to obtain a better foothold. Still 

others construct a shelter or retreat by drawing leaves together and 
securing them by strands of silk. Then there are the casemakers and 
bagworms that enclose themselves in a close-fitting jacket or a bag 
by weaving together bits of leaf. The webworms and tent caterpillars 
make those large silken domiciles in trees, in which a whole family 
hatched from one batch of eggs lives a communal life. As the tent 

caterpillars go out on the limbs to forage, they leave a trail of silk 
to guide them back to the nest where they spend the night. When 
ready to pupate, tent caterpillars simply jump off the tree. Caterpillars 

of butterflies spin a small web mat against a support from which they 
can hang awaiting pupation. Some secure themselves with a silken 
girdle around the thorax which remains as a suspensorium for the 

pupa. 

The most important use of silk would seem to be that of many 
moth caterpillars of enclosing themselves in a closely woven cocoon, 
within which they shed the last larval cuticle and change to the pupa. 
Cocoon spinning evidently began among the Micropterygidae, since 
Tillyard (1922) describes the larva of Sabatinca as spinning a cocoon 

of rather coarse silk having a leathery appearance. However, he 
says that “no definite spinneret apparatus could be discovered,” and 
he makes no mention of the silk-producing glands. On the other hand, 
in Micropteryx calthella Hannemann (1956) describes and figures a 

pair of oval glands in the thorax having a common duct that opens 
into a salivarial chamber between the hypopharynx and the labium, 
but these glands he says secrete saliva that is discharged on the food. 
The leaf-mining larva of the eriocraniid Mnemonica auricyania is 
described by Busck and Boving (1914) as having a spinneret from 
which it spins a cocoon in the ground. Of all the insects the caterpillar 
is the best-known silk-spinner, and the silkworm probably outranked 
the honey bee as an insect of commercial importance until the produc- 
tion of competing artificial fabrics. Artificial honey has not yet been 
invented. 

Though the faculty of producing and spinning silk was evidently 
not acquired by the ancestral caterpillars for any specific purpose, yet 
the evolution of their modern spinning apparatus involved a very 
considerable reconstruction of their mouth parts, and the conversion 
of the salivary glands into silk-producing organs. 

The ordinary salivary glands of insects lie in the thorax ; their ducts 
unite in a common outlet duct that opens into the space between the 
hypopharynx and the labium, known as the salivarium. On the walls 
of the salivarium near the mouth of the duct are attached opposing 
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muscles from the hypopharynx and the labium, which probably 
regulate the flow of the saliva. 

The silk glands of the caterpillar are a pair of long tubes (figs. 7, 
8 C, skGld) extending from the head far back into the abdomen. 
Each gland is thrown into loops and coils, and the slender ducts open 

Fic. 15.—Silk glands and spinning apparatus of the tent caterpillar, 
Malacosoma americanum. 

A, The silk glands. B, Section of head lobe formed of the labium, maxillae, 
and hypopharynx containing the silk press and bearing the spinneret. C, Silk 
press and ends of ducts, dorsal. D, Longitudinal section of silk press. E, Trans- 
verse section of silk press. 

acgld, accessory gland; Det, silk gland duct; Hphy, hypopharynx; Lb, labium ; 
Lum, lumen of silk press; Mx, maxilla; Pr, silk press; Rph, raphe; Spn, 
spinneret. 1,2,3, dorsal muscles of silk press; 4, ventral muscle of press. 

into a small chamber called the silk press (fig. 15 A, Pr), which opens 
through the spinneret at the end of the labium. A small accessory 
racemose gland (acgld) opens into each duct near its termination. 

The silk press of the caterpillar is clearly the salivarium of other 
insects, which has been converted into a closed chamber by the union 
of the hypopharynx with the basal part of the labium (fig. 5 E, Pr). 
The salivary muscles are strongly developed (fig. 15 C), three pairs 
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(1, 2, 3) from the hypopharynx being inserted on a sclerotic bar, 
or rhaphe (Rph), in the dorsal wall of the press, and a single pair 
from the labium (4) attached laterally. The lumen of the press is 
continued into a narrow exit tube (D) that opens on the end of the 
spinneret (Spn). The hypopharyngeal wall of the press is deeply 
inflected (E) into the lumen (Lum), but evidently can be lifted by 
the muscles, and then by an elastic springback drive the liquid silk 
from the spinneret. The silk press is probably also a silk ejection 
pump. 

As already noted, the maxillae are closely associated with the labium, 
forming a prominent lobe on the underside of the head bearing the 
spinneret (fig. 5 B,C), but the hypopharynx (Hphy) also is involved 
in this structure, since it is united with the inner wall of the labium 

(Lb). While these parts are movable by their own muscles, the 
characteristic figure-eight movements of the spinning caterpillar are 
made by the head and the freely swinging fore part of the body, 
activated by the elaborate head and body musculature (fig. 11 A,B). 
When the caterpillar in its evolution had once become fully adapted 

structurally for the performance of its functions in relation to its 
future pupal and adult state, its successors were then free to vary 

in superficial ways, and to adopt habits suitable to their own interests. 
So, as the adults in their evolution were diversified into many species, 
their caterpillars likewise underwent evolutionary changes as they 
adopted different ways of living and feeding, until they became as 
distinctive of their species as the adults. Though most caterpillars 
have remained vegetarians, feeding in the open on the leaves of herbs 
or trees, some have penetrated the fruit, others have taken to mining 
the leaves, boring into stems or wood, or burrowing into the ground, 

while a few have become aquatic and have developed gills in the form 
of slender tracheated filaments growing from the back. All these 
are plant feeders. 

There are species of caterpillars, however, that have renounced 
vegetarianism for other kinds of food. A good review of these 
aberrant feeders has been given by Brues (1936), and Clark (1926) 
has described the carnivorous caterpillars. The wax moth invades 
beehives and its larvae burrow destructively through the honeycomb, 
feeding on the wax and the bees’ store of pollen. Larvae of the clothes 
moth eat fur, wool, and feathers. A number of species have become 
carnivorous, feeding as predators on live aphids, larval coccids, other 

young homopterons, pupae of moths, spider eggs, and eggs of the 
bagworm. A lycaenid caterpillar has imitated the aphids by excreting 
from glands on the end of its abdomen a liquid agreeable to ants. 
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For protection the ants take this caterpillar into their nest, and here 
the treacherous creature eats the ants’ larvae. 

Finally, there are species that have descended to parasitism. Mem- 
bers of the Epipyropidae live as external parasites on the back of 
fulgorids or other homopterons, and several pyralid species are ecto- 
parasites on live sloths. Two species are known to be internal parasites 
of the coccid Kermes. Rau (1941) records the rearing of six species 
of moths from nests of the wasp Polistes. The larvae of these species 
are parasitic on the wasp larvae, and spin their cocoons in the host 
cell, where they pass the winter. Egg laying by the moths has not been 
observed, but the females are suspected of entering the wasps’ nest 
at night when the inmates are asleep. 

All this diversity of habits on the part of the caterpillars shows that 
the caterpillar structure, though highly specialized and standardized, 
is still adaptable to various ways of living. It is a presumed tenet of 
evolution that all perpetuated adaptations are beneficial to the species. 
However, since it would seem that there is enough vegetation in the 
world to support all the caterpillars there are, why have some species 
departed from the ways of their ancestors? Brues (1936) points out 
that the preference of insects for certain kinds of food is an instinct, 

not a matter of conscious taste, and that aberrant food habits are 

therefore due to basic hereditary changes in instinct. We are then 
left with the question of why do instincts change. 

The caterpillar goes through several stages of increasing growth 
between moults, but it preserves its larval form and structure up to the 
end. Then at one final moult, after shedding its caterpillar skin, it 

appears to have suddenly changed into a pupa. That the change of 
form is not so sudden as it appears to be will be shown later. 

The larval status and the pupal-adult development are regulated by 
two opposing hormones. A juvenile hormone, formed in the corpora 
allata of the head, maintains the larval form; a hormone discharged 
from glands in the prothorax, under stimulus by a hormonal secretion 
from the brain, controls moulting and permits further development. 
The prothoracic gland hormone is known as the moulting hormone 
because, as said by Van der Kloot (1961), it “acts on the tissues to 

promote all the changes characteristic of a molt,” but it has no influ- 
ence on the development that follows the moult. This hormone then 
might be likened to a green traffic light that allows traffic to cross the 
intersection, but has nothing to do with where it goes after crossing. 
The developmental course of the insect after the moult depends on its 
hereditary factors, it may become another larva, a pupa, or an adult. 
The prothoracic gland hormone has been named “ecdyson,” unfor- 
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tunately since it has no relation to ecdysis. The corpus allatum 
hormone has been supposed to operate entirely by inhibiting adult 
development, but more recent investigations indicate that it actively 
affects the larva. The immature insect grows between moults and may 
undergo slight or considerable changes at the moults. Hence, Wiggles- 
worth (1959) has pointed out that “the hypothesis that this hormone 
merely inhibits differentiation toward the adult becomes untenable.” 
Further, he says, “the corpus allatum hormone is clearly doing some- 
thing active and positive in causing differential growth of larval type.” 
A review of the structure and function of the endocrine glands of 
Lepidoptera has been given by Hinton (1951). 

While most of the adult development either is somehow inhibited 
in the larva, or the thoracic-gland hormone is not always secreted in 
sufficient amount, some adult structures do develop from an early 
stage in the larva. A striking example is that described by Eassa 
(1953) of the growth of the adult antennae and mouth parts in the 

larval stages of Pieris brassicae. The adult antenna begins its develop- 
ment in the first larval instar as a thickening of the epidermis beneath 
the larval organ. As the antennal rudiment enlarges, the epidermis 
folds inward as a containing peripodal pocket. During the following 
instars the base of the antenna moves upward beneath the larval 

cuticle until it reaches the position of the adult organ on the face. The 
peripodal pocket likewise elongates, but as an open slit, and finally 
it opens out so as to free the antenna, still beneath the larval cuticle. 
The everted wall of the pocket becomes the imaginal epidermis of the 
head between the adult and the larval antennae. 

Likewise, as shown by Eassa, the rudiments of the adult maxillae 

appear in the first larval instar as thickening of the epidermis beneath 
the larval maxillae. Through the following instars they develop within 

pockets of the epidermis. The galeae grow to such an extent that they 
become wrinkled, and when everted in the early pupal stage they are 
long and folded upon themselves. The larval mandibles shrink to the 
vestigial organs of the adult. The imaginal labium develops mostly 
during the fifth larval instar. 

It is well known that the invaginated leg and wing buds of most 
holometabolous insects develop during the larval stage. In some of 

the nematocerous Diptera they are evaginated beneath the larval 
cuticle in the last larval instar, as the writer (1959) has noted in 

the mosquito. 
The postembryonic development of the internal reproductive organs 

of the psychid lepidopteron Solenobia triquetrella is described by 
Ammann (1954) and by Brunold (1957). Rudiments of the testes 



| 

No. 6 CATERPILLAR AND BUTTERFLY—SNODGRASS 33 

and ovaries are present at hatching, and are in the process of dividing 
into compartments. No considerable change occurs during the first 

four larval instars, but further development proceeds during the rest 
of the larval life, including formation of the outlet ducts. 

From these examples of imaginal development during the larval 

stage it is evident that an inhibitory influence does not equally affect 
all adult structures. Bodenstein (1957) has given some attention to 
this phase of the subject. He notes that in the larva of Drosophila 
the imaginal discs (i.e., rudiments of imaginal organs) grow at a 
rather constant rate, as shown by Eassa in Pieris. The growth of 
these rudiments during the intermoult periods indicates that the con- 
centration of the thoracic-gland hormone is sufficient for the growth 
of these parts, but is not enough to induce moulting. “From all this,” 
Bodenstein says, “one must conclude that the ability of different 
tissues to respond with growth to a given titer of prothoracic-gland 
hormone varies. Some tissues are able to grow in a low, others only 

in a higher titer.” 
The thoracic-gland hormone brings about moulting, but the develop- 

ment of the next larval instar and whatever differentiation it may make 
is controlled by the corpus-allatum hormone. It would seem, there- 
fore, that the whole developmental process that takes place in the 
larva depends on the relative concentration of the two hormones in 
the blood. The way it works out seems to be that development is 
permitted in adult tissues and organs whose growth does not interfere 

with the functions of the larva, while the purely larval structures are 
maintained and larval growth is allowed to proceed. 

The body wall, the alimentary canal, the muscular system, the 

nervous and circulatory systems, the tracheae are all preserved intact 
to the end of the active state of the caterpillar. With species that spin 
a cocoon and remain quiescent within it a varying length of time before 
pupation, metamorphic changes may begin during or shortly after 
spinning. In the silkworm, Bombyx mori, Verson (1905) says that 
degeneration of the mesenteron epithelium begins after the emptying 
of the alimentary canal at the time of spinning. As the larval cells are 
thrown off they are replaced by regenerative cells, so that the mesen- 
teron wall remains continuous. It is observed likewise by Deegener 
(1908) that metamorphic changes in the alimentary canal of Mala- 
cosoma castrensis begin in the spinning larva. In Vanessa, according 

to Henson (1929), degenerative changes in the mesenteron take place 
in the fifth larval stage. In Heterogenea limacodes it is said by Samson 
(1908) that the larval epithelium of the mesenteron degenerates and 
is replaced by the imaginal epithelium even during the spinning by the 
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caterpillar, which takes place in October, though pupation does not 
occur until the following May. Also histological changes in the 
Malpighian tubules begin just after the larva has spun its cocoon; 
reconstruction of the tubules is completed in the pupa. After a short 
rest the silk glands degenerate, and in the course of the winter a 
part of the larval musculature is lost. 

Considering the growth of adult organs that may proceed in the 
active larva, and the metamorphic changes that take place in the 
quiescent larva after spinning its cocoon, it seems that there must be 
some mechanism that regulates the hormone secretions. Actually, the 
two hormone sources are in communication with the brain. The 
thoracic glands receive their stimulus for activity from the hormonal 
secretion of the brain by way of a pair of bodies in the back of the 
head of nerve-tissue origin, known as the corpora cardiaca. These 
bodies are directly connected by nerves with the secreting centers of 
the brain, and a nerve from each corpus cardiacum goes to the corpus 
allatum of the same side. It is possible, therefore, that the brain is 

the regulatory center of the entire endocrine system. In fact, it has 
been shown by Scharrer (1952) in the cockroach Leucophaea that 
the corpora allata are affected histologically and functionally by the 
amount of brain secretion in the corpora cardiaca. When the brain 
nerve to one corpus cardiacum is cut, preventing the brain secretion 
from entering the latter, the connected corpus allatum increases in 
size, its cells appear to contain more cytoplasm, the nuclei become more 
vesicular, and the nucleoli more distinct. Corpora allata in this condi- 
tion, Scharrer says, are “functionally equal to, or perhaps even more 
competent than, normally innervated glands.” This would seem to 
indicate that the more brain secretion there is in the corpora cardiaca 
the less active are the corpora allata, and vice versa. The brain, of 
course, does not act autocratically; it is itself activated by external 
or internal stimuli transmitted through the sensory nerves. When the 
brain activities cease, all growth and developmental processes stop, 
and the insect goes into diapause. This is shown by Van der Kloot 
(1955) to be true of the diapausing pupa of the Cecropia moth. After 
prolonged exposure to low temperatures, endocrine activity of the 
brain is restored, “diapause ends and the development of the adult 
moth begins.” 

Inasmuch as most animals grow from youth to maturity without 
the aid of a juvenile hormone, it is not clear why or how the early 
insects acquired glands for producing this hormone. However, it is 
reported by Schneiderman and Gilbert (1959) that substances having 
at least the effect of the corpus-allatum hormone when injected into 
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insects have been extracted from Crustacea and other invertebrates, 

and even from the adrenal cortex of cattle. These writers suggest, 
therefore, that something of the nature of the insect juvenile hormone 
may be widely present in all animals, and that evolution has produced 
specific sensitivity to it in certain tissues, as in the insects. In any 
case, it seems certain that if the early insects did not have a juvenile 
hormone, they could never have developed their special kind of 

metamorphosis. 

The corpora allata arise at an early age of the embryo from the 
ventral ectoderm of the head between the mandibular and maxillary 
segments, and migrate to their dorsal position in most insects behind 
the brain. Though the Thysanura do not have typical corpora allata, 
they do have a pair of apparently glandular bodies attached to the 
outer surfaces of certain muscles of the maxillae. These bodies are 
termed the corps jugaux by Chaudonneret (1949), who reasonably 
contended that they are the corpora allata in a primitive position 

between their ventral points of origin and their usual dorsal position 
in other insects. The function of these bodies in the Thysanura, 
however, is not determined, and, so far as known to the writer, 

thoracic endocrine glands have not been observed in these insects. 

Yet the thysanurans molt throughout their entire life. Perhaps the 
corps jugaux are really moulting glands that have remained in the 
head, where they take their origin. 

METAMORPHOSIS 

When at last the juvenile hormone that has maintained the cater- 
pillar in its larval form gives way entirely to the thoracic-gland 
hormone, the caterpillar comes to the end of its life, provided it has 
not already been eaten by a bird or other predator, killed by some 
parasite, or poisoned by an insecticidal spray. If the caterpillar were 
a sentient being, knowing the ordeal it must now go through, it should 
be filled with apprehensions. However, the caterpillar is a creature 
of instincts, with no consciousness of self to be carried over into the 

butterfly. The butterfly is a new thing entirely, having its own 
instincts and outlook on life, and very probably no memory of ever 
having been a caterpillar. The transformation processes are purely 
biochemical, under the guidance of hormones and the factors of 
inheritance. 

Yet the caterpillar seems to feel the approach of its time for pupa- 
tion; it becomes restless and food no longer has any appeal. Tent 

caterpillars suddenly rush out from their tents to the ends of twigs 
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on the tree and recklessly jump off to the ground, where they may 
travel long distances to find a suitable place for pupation. Others 
wander about in search of a secluded place, and some species pupate 
in the ground. The caterpillars of most moths enclose themselves in 
silken cocoons. The spinning of a cocoon is a complex piece of 
architectural work, but the caterpillar is endowed with a sensory- 
neuromuscular spinning mechanism that works automatically as a 
series of coordinated acts. If its cocoon is destroyed when partly spun, 
most caterpillars cannot begin over again, but must go on from where 

they left off. The stimulus for spinning has been shown by Van der 
Kloot and Williams (1953) to be of internal origin, in part hormonal, 
but largely the condition of the silk glands. The activating nerve 
center, however, according to these investigators (1954), is in the 
brain. 

The caterpillars of butterflies do not enclose themselves in cocoons. 
In preparation for pupation they spin a mat or cone of silk on the 
underside of a twig or leaf or against some upright object, and then 
hang themselves from it head down by means of the claws of the 
anal prolegs and spines on the suranal plate. Some give themselves 
extra security by spinning a loop of silk from the support that forms 

a girdle around the thorax. When the pupa is formed it splits the 
larval skin over the back and down the face. Then by convulsive 

movements it pushes the larval skin up to its rear end and hangs 
freely from the attached skin. It is commonly said that the pupa 

holds on by pinching a fold of the skin between the movable segments 
of its abdomen. According to Riley (1879), however, there are small 
ridges and knobs on the end of the pupal abdomen that serve partly 

to grasp the suspended larval skin, but the principal suspensorium is 
the “rectal ligament,”’ which evidently is the extracted cuticular lining 
of the intestine held by the anal sphincter of the pupa. This “liga- 
ment,” Riley says, will support a weight 10 to 12 times that of the 

pupa. The tenth abdominal segment of the pupa is prolonged into a 
process known as the cremaster (or hanger) armed at the end with 
spines and hooks. The pupa now extracts itself from the larval skin 
by swinging the cremaster to one side and anchoring it into the silken 
support. Here the pupa hangs independently by the cremaster until 
the butterfly emerges. The shriveled larval skin may remain on 
the support until it drops off or is blown away by the wind. 
When the caterpillar (fig. 16 A) sheds its last cuticular skin and 

reveals the pupa (D) that has taken its place, the change is indeed 
striking. The fully formed pupa, however, is the finished product of 
a transformation process. The caterpillar itself in its final stage (B) 
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Fic. 16.—External changes during metamorphosis of the tent caterpillar, 
Malacosoma americanum. 

A, The mature active caterpillar (length 334 inches). B, Final contracted 
stage of caterpillar in cocoon. C, The pharate pupa in last larval cuticle. D, The 
mature pupa. E, The split pupal shell after emergence of the moth (F). G, A 
larval leg. H, Leg of pharate pupa. I, Head of pharate pupa, anterior. J, Head 
and thorax of mature pupa, ventral. 

Ant, antenna; E, compound eye; IL, first leg; /bPlp, labial palpus; Lm, 
labrum; Md, mandible; Mth, mouth; M+, maxilla. 
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becomes immobile and greatly contracted. When it moults, the remod- 
eled body still within the unshed larval cuticle appears as a preliminary 
stage of the pupa (C). An entirely new and different cuticle has 
been secreted by the epidermis, and the larval prolegs have been 
discarded with the larval skin. The wings are now everted, and the 
legs have taken on more of the adult structure (H). On the head (1) 
the large adult antennae (Ant) are conspicuous, and the mouth parts 
are undergoing development, except the mandibles (Md) which are 
reduced to small knobs. This concealed early period of the pupa has 
been called the “prepupa” or “propupa,” but it is not a stage of the 
pupa equivalent to a larval instar, since it is not separated by a moult 
from the mature pupa (D). It is therefore better named by Hinton 
(1958) the cloaked, or pharate, pupa. By further development within 

the larval cuticle the pharate pupa becomes the mature pupa (D) in 
which the wings are enlarged, the legs and antennae are lengthened, 
and the mouth parts somewhat larger. 

With the final shedding of the larval cuticle (the pupal ecdysis) 
the fully formed pupa (fig. 16 D) is liberated. The pupal mouth parts, 
antennae, wings, and legs lie flat against the body. In most Lepidoptera 
they become cemented to the body by an exuding, gluelike substance 
that soon hardens to a shell-like glaze over the entire surface. The 
pupa is then called a chrysalis. From now on the pupa does not change 
externally, but within it the special tissues of the larva go into dissolu- 
tion, and adult development proceeds to the completion of the imago. 

With most Lepidoptera the mouth parts continue their development 
within the pupal cuticle until they attain the typical adult structure 
(fig. 17A). In the pupa of the tent caterpillar here described, 
however, the mouth parts actually regress from their state of develop- 
ment seen externally on the pupal cuticle (fig. 16 J) because the moth 
is one that does not feed. In the adult moth (fig. 17 B) the maxillae 
(M-x) have been reduced to small, entirely separate lobes at the sides 
of the mouth. The labium (Lb) also is much reduced, but its palpi 
have increased to long, three-segmented appendages. There is no 
trace of mandibles. 

The degree of change that takes place within the pupa from larva 
to adult differs in different insects. In some, many of the larval tissues 

simply begin a new growth that forms directly the corresponding adult 
tissues. In others the special larval tissues break down, and their 
disintegration may be so nearly complete that little is left of the 
original larva. In extreme cases, therefore, the so-called metamor- 
phosis of the insect is not literally a transmutation of the larva into 
the imago. The caterpillar, for example, does not actually become a 
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moth or butterfly. The newly developing adult takes whatever parts of 
the larva can be utilized with adaptive modifications, such as the heart, 
the tracheae, and the nervous system. Otherwise it is a new creature 
built up from imaginal cells that have remained undifferentiated 
during the life of the larva, while the unused parts of the larva are 
cast off or go into dissolution within the pupa. As already noted, 
some adult organs may begin their development in an early instar 
of the larva. 

{) 
/ 

Fic. 17.—Examples of moths with and without a proboscis. 

A, Head of peach borer moth, Sanninoides exitiosa, with fully developed 
maxillary proboscis. B, Tent caterpillar moth, Malacosoma americanum, with 
greatly reduced maxillae, no organs of feeding. 

Lb, labium; lbP/p, labial palpus; Mx, maxilla; mxPrb, maxillary proboscis. 

The interior of a lepidopterous pupa is filled with what appears to 
be a thick creamy substance. Under the microscope it is seen to consist 
of a clear, pale, amber-yellowish liquid containing a mass of minute 
bodies, some of which are blood cells and phagocytes, but most of 
them are disintegrating fat cells and liberated granules and fat drop- 
lets. The principal structural changes that take place within the pupa 
of a moth or butterfly affect the musculature, the fat tissue, and the 
alimentary canal. 

The transformation of the muscular system differs in degree in 

different insects according to the difference in the musculature of the 
larva and the adult. Some larval muscles go over unchanged into the 
adult, others undergo a certain amount of reconstruction without 
losing their identity, and still others that are specifically larval muscles 
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‘go into complete dissolution. Important muscles of the imago having 
no representatives in the larva are newly formed in the pupa. 

In the Lepidoptera the dorsal and ventral bands of longitudinal 
larval muscles are preserved at least into the pupa. In the pharate 
pupa of Malacosoma americanum these muscles remain clean and 
intact with distinct striations, and are active through the pupal stage, 
enabling the pupa to move its abdomen. According to Finlayson 
(1956) the longitudinal muscles degenerate during the first two days 

of adult life. On the contrary, the fibers of the outer system of body 
wall muscles in the larva of Malacosoma are already in the pharate 
pupa distinctly in a state of disintegration. They have lost their 
healthy appearance, looking soft and flabby, and their striations are 
faint or gone. Associated with these muscles are always large numbers 

of phagocytic cells, and in the mature pupa this system of larval 
muscles completely disappears. 

The adult musculature of the thorax of Telea polyphemus has been 

fully described and illustrated by Nuttesch (1953). Both the thorax 
and its musculature are entirely reconstructed in the pupa. Blaustein 
(1953) gives a detailed account of the histogenesis of a longitudinal 
wing muscle in Ephestia kiihniella. Small undifferentiated cells 
destined to become muscle cells, or myocytes, assemble where the 
new muscle is to be. By division these myoblasts form a syncytium 
of muscle cells during the first days after pupation. The cells then 
unite into long strands that become muscle fibers. The nuclei move 
to the periphery, a sarcolemma is formed, and fine thickenings in the 
myoplasm become fibrillae. Development of the muscle is completed 
by the twelfth day of the pupa, on the thirteenth the striations appear. 
Finally the completed muscle is attached to the body wall. 

The vision of a muscle being independently formed in the midst 

of chaos within the pupa is a most mysterious thing in insect metamor- 
phosis. In the first place, what directs the wandering myoblasts to 
assemble at the place where a specific muscle must be? Second, what 
compels the assembled myoblasts to go through the changes and com- 
plex associations that result in the formation of a contractile muscle? 

The formation of most imaginal muscles, at least in some lepidopter- 
ous pupae, depends on their connection with nerves. Williams and 
Schneiderman (1952) and Williams (1958) describe experiments on 
diapausing pupae of Cecropia and Polyphemus from which the entire 
nervous system had been removed. When induced to develop, these 
pupae transformed into externally perfect moths, but on dissection 

they were found to be completely without muscles, except for the 
muscles of the alimentary canal and the heart. Others likewise have 
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observed that the imaginal muscle rudiments must first be innervated 

to begin development. It seems, then, that myoblasts can assemble at 
the mechanically correct place for a specific new muscle, but here they 
must wait for a nerve connection before they can form the muscle. 
Finlayson (1956), in a further discussion of the relation of innerva- 
tion to muscle development, says that sheets of fine muscle fibers lying 
under the epidermis of adult moths develop in the absence of innerva- 
tion. (Possibly he refers to the heart muscles.) 
The fat tissue, or so-called fat body, of older caterpillars still in 

an active condition consists of flat branched and lobulated cell masses 
having sharply distinct outlines. In the early pupa the fat masses 
break up into large granular cells, which later become ragged and 
frayed, and finally go into a state of disintegration, liberating their 
granular inclusions and droplets of oily fat. This material becomes 
food for the developing imaginal tissues, and in the lepidopteron much 
of it must be carried over to the adult to supplement the meager diet 
of the moth or butterfly. 

The alimentary canal of the larva (fig. 7), as already shown, is 

entirely remodeled in the pupa in adaptation to the liquid diet of the 

adult (fig. 4). Verson (1905) gives a detailed description of the larval 
alimentary canal of the silkworm Bombyx mori and the metamorphic 
processes beginning at the time of cocoon spinning. The stomodaeum 
and proctodaeum are enlarged from circular growth centers, the 
so-called imaginal rings, at their inner ends. The degenerating larval 
epithelium of the mesenteron is thrown off into the lumen, and is 
replaced by an imaginal epithelium formed from groups of persisting 
regenerative cells. Essentially the same process of mesenteron recon- 
struction is described by Henson (1929) for Vanessa, and by Blau- 
stein (1935) for Ephestia kiihmella. The moth of Ephestia takes no 
food, and the stomodaeum is said by Blaustein to be reduced to a 
narrow tube closed from the mesenteron by a solid mass of cells. Some 
other moths that do not eat, such as the tent caterpillar moth, still 
retain an intact alimentary canal, suggestive that fasting in the adult 
stage is a recently acquired habit with them. 

The fact that the organs of the pupa, external or internal, are those 

of the adult in a formative stage, and that the larval organs are cast 
off with the moult to the pupa, or go into dissolution within the pupa, 

supports the view that the pupa is a preliminary stage of the adult. 
For the attachment of the muscles on the adult cuticle, therefore, a 

secondary moult is necessary. This is the theory of Poyarkoff (1914), 
which is upheld by Hinton (1948), by Rockstein (1956), and by 
DuPorte (1958). An opposing theory, that of Jeschikov (1929), 
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elaborated by Heslop-Harrison (1958), contends that the larva is a 
free-living stage of the embryo, and that the pupa represents the 
condensed nymphal instars of insects without metamorphosis. The 
idea of embryos climbing trees, eating leaves with fully developed 
mouth parts, and spinning cocoons, however, sounds like something 
from science fiction, and the condensation of several active instars 

into a single immobile stage having no resemblance to a nymph is 
biologically hard to visualize. Particularly it would seem strange that 
a flightless ‘“‘nymphal” stage of a lepidopteron should have adult mouth 
parts, and the same might be said of other insects having specialized 
feeding organs in the adult stage, which appear first in the pupa. 

There is nothing inherently improbable about the occurrence of an 
adult moult between the pupa and the imago; adult moulting occurs in 
other arthropods, in the apterygote insects, and the mayflies. Experi- 
mentally, moulting can be induced in the adult insect as well as in the 
nymph and larva (see Wigglesworth, 1954, p. 48). The corpus allatum 
hormone governs both nymphs and larvae alike, and at the end of the 
juvenile period it gives way to the prothoracic-gland hormone, which 
produces a moult followed by either an imago or a pupa according to 
whether the insect is hemimetabolous or holometabolous. These glands 
in insects without a pupal stage degenerate at the moult to the adult, 
but in holometabolous insects they persist into the pupal stage. Boden- 
stein (1953) has shown that even in the cockroach the prothoracic 
glands do not degenerate at the moult to the adult if the corpora allata 
are removed without injury to the corpora cardiaca. The young adult 
cockroach then moults again. In the holometabolous pupa, therefore, 
when the corpora allata have ceased to be functional, the moult to the 
imago can be an adult moult effected by the thoracic-gland secretion. 

LIFE OF THE ADULT 

The moth or butterfly is fully formed within the pupal shell and 
then emerges as a mature insect, except that the internal organs of 

reproduction may not yet be fully functional. The adult escapes 
through a slit along the back of the pupa (fig. 16 E). The butterflies 
have an easy time of getting out, since they are immediately free on 
emergence. Among the moths, however, many species on emergence 
from the pupa find themselves still enclosed in a cocoon. Some are 
fortunate in that the pupa itself has protruded its front end from 
the cocoon and thus allows the moth to escape. The pupae of Erio- 

craniidae have large active mandibles by which they tear open the 
cocoon and come to the surface of the ground where the adult can 
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emerge into the air. In some cases the caterpillar is activated by an 
instinctive foresight and either leaves the head end of the cocoon very 

weakly woven, or makes a hinged door that the moth can open. 
Those moths that on escape from the pupa find themselves still 

imprisoned in a closed cocoon are confronted with the problem of 
how to get out. Help comes from an unexpected source. In these 
species the shrunken silk glands of the larva now secrete a clear 
liquid, which issues from the mouth of the moth and softens the 
adhesive coating of the cocoon threads, thus enabling the moth to 
push its head through the end of the cocoon and escape. Trouvelot 
(1867) described the pre-emergence activities of Telea polyphemus 

as seen through a mica window inserted into the side of the cocoon. 
When the moth is fully formed within the pupa it becomes highly 
active and soon splits the pupal skin over the thorax. The head and 
legs are at once disengaged and the solvent liquid flows from the 
mouth. The insect now waits for the liquid to take effect on the 
cocoon. Then it makes strong contractions and extensions of the body, 
which force its head through the moistened silk. The strands separate, 
spread apart, and the moth issues without breaking a fiber. 

Some of the moths and many of the butterflies are the most beauti- 

fully colored of living things, their only rivals being among the birds 
and the flowers. With the birds it is principally the males that are 
endowed with beauty, and for the utilitarian purpose of attracting 
the females. Of the flowers, it has been said that many are born to 
blush unseen and waste their sweetness on the desert air, but the poet 
did not know that the flowers too have a practical reason for both 
their perfume and their color, which is to attract the pollinating 
insects. The Lepidoptera, on the contrary, seem to make no use of 

their ornamentation. Though in many species the males are more 
brightly colored than the females, it is the males that are attracted to 
the females, and not by the charm of color in this case, but by odor. 
Kellogg (1907) has shown that the male of the silkworm moth finds 
a female entirely by her scent. The scent glands are eversible from 
the last abdominal segment of the female. When the glands are cut 
off, the male reacts as strongly to the glands themselves as to an intact 

female, and entirely ignores a female deprived of her glands. The 
silkworm moths cannot fly, but the males of some other moths are 

well known to be attracted to the females from long distances. The 
males themselves of many butterflies produce scents, some of which 
are attractive, others repellent. 

If color plays no important part in the lives of moths and butterflies, 
except in the case of protective imitation and mimicry, it is difficult 
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to understand why so many of them are endowed with such brilliant 
coloration and color patterns—surely not to appeal only to our esthetic 
sense and make attractive displays in the specimen cases of entomolo- 
gists. It would seem, then, that we need a theory to explain their 
colors on a scientific basis of usefulness to the insects themselves. The 
same might apply to the colors and designs of seashells (or perhaps 
also to the beauty of a landscape). 

Most butterflies live lives of unfettered freedom. They toil not, 
neither do they spin, nor make provision for the future, and yet no 
other insect is arrayed like some of them. Flitting from flower to 
flower, sipping nectar, courtship and marriage—this is the life of a 
butterfly. Only when the time comes for egg laying does the female 
moth or butterfly meet her one responsibility. Since many caterpillars 
are very particular about what plants or other material they feed on, 
the adult female must deposit her eggs where the young caterpillars 

on hatching will find their proper food. It seems as if the female 
retains a memory of her own caterpillar days, and the same maternal 
instinct is shared by various other insects. This “instinct,” however, 
has been shown by Thorpe and Jones (1937) and by Thorpe (1938, 
1939) to be due, in some insects at least, to the olfactory conditioning 
of the larva to its food, which is carried over to the adult female and 

induces her return to a source of the same odor. This is not exactly 

memory in the human sense, and it is probably more reliable, but it 
does not explain the possession by the female of a return instinct. 
A remarkable example of this instinct is shown by the monarch 
butterfly, the larvae of which feed on the milkweed. In the fall many 
adults in northern regions migrate in flocks to the south, where they 

spend the winter; in the spring the females return north and find 

milkweeds on which to deposit their eggs. 

The conditioning factor of the return instinct is not always food; 

the female dragonfly or the female mosquito must deposit her eggs 
in an aquatic environment suitable to the larvae. The same is true of 
the moth Nymphula, the larvae of which are aquatic. The females of 

N. maculalis described by Welch (1916) lay their eggs on the under- 
surfaces of leaves of the yellow waterlily, using wherever available 
oviposition holes cut in the leaves by the beetle Donacia. The moth 
inserts her abdomen through one of these holes and attaches her eggs 
to the underside of the leaf in concentric circles around the beetle eggs. 
The moths are said to remain in the neighborhood of the water, but 
certainly no larval conditioning could account for their special ovi- 
positing instinct. The larvae live submerged on the undersides of 
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the leaves, where they enclose themselves in cases formed of cut-out 
pieces of leaves, but they do not swim. 

Butterflies have many natural enemies, including entomologists 
with collecting nets, but those of northern and temperate regions that 
survive the summer may be still plentiful at the end of the season. 
In the fall or early winter when cold weather comes on most of them 

simply die a peaceful death. Hardy individuals of some species, such 
as the mourning-cloak butterfly Nymphalis antiopa, however, live 
through the winter under logs or stumps lying on the ground, and 
the monarch butterfly imitates the birds in flocking south for the 
winter. 

For the others, both moths and butterflies, nature has made some 

provision for carrying their species through the winter in an immature 
stage. Perhaps most commonly it is the pupa that hibernates, but with 
some species the caterpillar lives through the winter, or the winter is 
passed in the egg stage. The overwintering caterpillar is usually 
within the protection of a cocoon, but the brown woolly bear hiber- 
nates in a covering of its own wool, and young tent caterpillars remain 
in the egg shells. The female moth of this species, Malacosoma ameri- 
canum, lays her eggs in late spring attached to a twig of a favorite 
tree of the caterpillar, and covers them with an impervious coating of 

material from the accessory glands of her reproductive system. 

Within three weeks or a little longer the young caterpillars are 
fully formed in the eggs. Here they remain protected under the egg 
covering through the summer, fall, and winter to emerge early the 
following spring. 

It is interesting to note how the lives of insects in northern regions 
have become adapted to the alternation of winter with summer. By 
contrast, tropical species can go on indefinitely as a succession of 
broods without interruption. The northern insects, therefore, have 

undergone a special evolution to meet the condition of survival 
imposed upon them. Even within a single order such as the Lepi- 
doptera different species have solved the problem of survival in 
different ways. 
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THE ORGANIZATION AND PROBABLE EVOLU- 
TION OF SOME MIXED SPECIES FLOCKS 

OF NEOTROPICAL: BIRDS 

By M. MOYNIHAN 

Resident Naturalist, Canal Zone Biological Area 

Smithsonian Institution 

Birds often form groups that include individuals of several different 
species. Such heterogeneous groups may be called “mixed species 
flocks.” 

There are many different kinds of mixed species flocks. Some are 

composed of only two species, while others may include many more, 
probably over a dozen in extreme cases. Some mixed flocks are es- 
sentially transitory, while others are semipermanent, very long-sus- 

tained or dissolved and re-formed at more or less regular intervals. 

Some seem to be very loosely organized, while others are tightly 
integrated and have a complicated social structure. 

Mixed species flocks are found almost everywhere, in almost all 
environments; but they seem to be most common and varied and 
probably attain the greatest structural complexity in certain regions 
of the humid Tropics. In such regions, most of the more complex 
flocks are largely or completely composed of passerines. 

Mixed species flocks have been noted by almost all ornithologists 
and naturalists who have traveled in the Tropics since Bates (1863), 
Wallace (1869), and Belt (1874). Among the more recent or longer 
accounts of such flocks are descriptions in Chapin (1932), Davis 
(1946), Johnson (1954), Mitchell (1957), Moynihan (1960), Rand 
(1954), Slud (1960), Stanford (1947), Stresemann (1917), Swyn- 
nerton (1915), and Winterbottom (1943 and 1949). Many other, 
earlier, descriptions of mixed flocks are listed in Rand, 1954. Some 
aspects of mixed flocks have been discussed at considerable length in 
some or all of these publications ; but the social reactions between indi- 
viduals of different species within mixed flocks have not been analyzed 
in detail. 

This paper is an attempt to provide more precise information about 
some of the behavior mechanisms responsible for the formation and 

SMITHSONIAN MISCELLANEOUS COLLECTIONS, VOL. 143, NO. 7 



2 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

maintenance of certain types of mixed species flocks. It also includes 
some suggestions about the probable course of evolution of such flocks. 
Most of the observations were made in Panama between September 

1957 and November 1960. Special attention was paid to mixed flocks 
of finches, tanagers, honeycreepers, and warblers. Several different 
types of mixed flocks of these birds are common in different habitats 

in Panama. The two that were studied most intensively may be called 
the “blue and green tanager and honeycreeper flocks” and the “mon- 
tane bush flocks.” These are terms of convenience. Flocks of the 
first type frequently include other species in addition to blue and 
green tanagers and honeycreepers. Flocks of the second type are not 

confined to bushy habitats. 
Mixed blue and green tanager and honeycreeper flocks were ob- 

served, off and on, throughout the whole period of this study. Other 
types of mixed flocks were observed much more briefly (see below). 

THE BLUE AND GREEN TANAGER AND 
HONEYCREEPER FLOCKS 

DESCRIPTION OF THE MOST COMMON SPECIES 

Before proceeding to discuss these flocks, it may be helpful to 
describe the appearance of some of the species involved and to say 
something of their behavior apart from mixed flocks in central 
Panama. This will be partly a recapitulation of data included in other 
publications (e.g., Skutch, 1954; Sturgis, 1928; and Moynihan, op. 

cit.) 
Plain-colored Tanager (Tangara inornata)..—A comparatively 

small tanager. Sexes nearly identical in plumage: largely dull gray, 
with black wings and tail and bright blue patches on the upper wing 

coverts. 

Resident in Panama. Most common along the edges of fairly 
mature forest but occurring also in young second-growth forest. 

Primarily a bird of the treetops. 
Very gregarious apart from mixed species flocks. Very restless 

and active. Very noisy, frequently uttering loud and sharp tsit call 
notes, which may be accelerated to produce mechanical-sounding 

rattles. 
Palm Tanager (Thraupis palmarum) .—A moderately large tanager. 

Sexes nearly identical in plumage: dull olive-green, with black wings 

and tail. 

1 The scientific names of all the Panamanian species cited in this paper follow 

Eisenmann, 1952 and 1055. 
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Resident in Panama. Common both in young second-growth forest 
and along the edges of fairly mature forest. Primarily a bird of the 
treetops. 

Moderately gregarious apart from mixed species flocks, several 
pairs or family groups sometimes occurring together. Somewhat less 
active and restless than the plain-colored tanager. Very noisy, fre- 
quently uttering rather plaintive-sounding wheet call notes. Adult 
males (at least) also utter twittering songs very frequently in some 

of the situations in which other species usually utter call notes (see 

Eisenmann, 1952, for a transcription of the typical song of this species 
in Panama). 

Blue Tanager (Thraupis episcopus).—Slightly smaller than the 

palm tanager. Sexes nearly identical in plumage; dull light blue, with 

brighter blue wings and tail (in the Panamanian subspecies diaconus). 
Resident in Panama. Most common in young, scattered, second- 

growth forest, but occurring also along the edges of fairly mature 
forest. Primarily a bird of the treetops but less markedly so than the 
plain-colored or palm tanagers. 

Moderately gregarious apart from mixed species flocks, like the 

palm tanager, and similar to the palm tanager in notes and movements. 
Golden-masked Tanager (Tangara larvata).—Similar to the plain- 

colored tanager in size. Sexes nearly identical in plumage ; conspicu- 
ously marked with an intricate pattern of bright blue, yellow, black, 
and white. 

Resident in Panama. Most common in young, scattered, second- 

growth forest and in gardens, but occurring also along the edges of 
fairly mature forest. Common in bushes, near the ground, as well as 

in the treetops. 

Only very slightly gregarious apart from mixed species flocks, 
seldom or never congregating in groups larger than a single family. 
Otherwise similar to the plain-colored tanager in behavior. 

Green Honeycreeper (Chlorophanes spiza).—Very tanagerlike in 
appearance. Like the species of the genus Tangara in size and shape, 
aside from the bill. Sexes very different in adult plumage. The adult 
male is bright blue-green with a black head. The adult female is bright 
grass-green all over. Juveniles of both sexes are grass-green like the 
adult female. 

Resident in Panama. Distribution similar to that of the plain- 
colored tanager ; most common along the edges of fairly mature forest. 
Primarily a bird of the treetops. 

Also very similar to the plain-colored tanager in voice and move- 
ments, but not usually very gregarious apart from mixed species flocks. 
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Shining Honeycreeper (Cyanerpes lucidus)—Much smaller than 

the green honeycreeper, and much less tanagerlike in general appear- 

ance. Sexes very different in adult plumage. The adult male is blue, 

with black throat, wings, and tail. The adult female is green above, 

with a bluish head, and dirty white below, streaked with bluish. Juve- 

niles of both sexes are similar to the adult female. 

Resident in Panama. Most common along, perhaps confined to, 

the edges of fairly mature forest. Primarily a bird of the treetops. 

Very similar to the green honeycreeper in voice and movements. 

Only slightly gregarious apart from mixed species flocks. 

Red-legged Blue Honeycreeper (Cyanerpes cyaneus)—Similar to 

the shining honeycreeper in size and shape. Sexes different in appear- 

ance in adult plumages. The adult male has two distinct plumages. 

In full nuptial plumage the adult male is a brilliant sapphire blue, with 

turquoise blue crown, black upper back and tail, and black wings with 

bright yellow edgings on the primaries and secondaries. In nonbreed- 

ing plumage the adult male is dull gray-green, with the same wings 

and tail as in the breeding plumage. The adult female is always dull 

gray-green all over. Juveniles of both sexes are similar to the adult 

female. 

Resident in Panama. Very common both in young, scattered, sec- 

ond-growth forest and along the edges of fairly mature forest. Pri- 

marily a bird of the treetops. 
Very gregarious apart from mixed species flocks. Very restless and 

noisy, frequently uttering several different types of call notes and/or 

hostile notes, most of which are quite distinctive in sound. 
Blue Dacnis (Dacnis cayana).—Rather similar to the green honey- 

creeper and the Tangara tanagers in shape, but slightly smaller. Sexes 
very different in appearance when adult. The adult male is bright blue 
(greenish in some lights) with black markings. The adult female and 

juveniles of both sexes are grass-green with bluish heads. 

Resident in Panama. Most common in young second-growth forest 

but occurring also along the edges of fairly mature forest. Primarily 

a bird of the treetops. 

Only very slightly gregarious apart from mixed species flocks. 

Rather active and restless, but less noisy than the green honeycreeper 

or the red-legged blue honeycreeper. 

Crimson-backed Tanager (Ramphocelus dimidiatus).—A rather 

large tanager (approximately the same size as the palm and blue 

tanagers). Very conspicuously and distinctively colored. The adult 

male is bright crimson and black. The adult female and juveniles of 
both sexes are similar but duller. 
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Resident in Panama. Common both in young, scattered, second- 

growth forest and along the edges of fairly mature forest, both in 
moderately low bushes and in the treetops. 

Moderately gregarious apart from mixed species flocks. Active and 
noisy, frequently uttering nasal anh notes which are quite unlike 
the notes of any other Panamanian tanagers or honeycreepers except 
the other species of Ramphocelus. 

Summer Tanager (Piranga rubra).—Migratory. Absent from 

Panama during the northern breeding season. Most individuals ob- 
served in Panama seemed to be young; in more or less complete 

juvenal plumage, dull yellowish in color (males usually begin to 
assume the rosy-red adult plumage before leaving in the spring). 

Fairly common in many different types of vegetation in many areas 

of Panama. 
Almost completely nongregarious apart from mixed species flocks 

in Panama. Not very active. Moderately noisy, frequently uttering a 
rattling pi-ti-ti-tuck call. 

White-lined Tanager (Tachyphonus rufus) —A rather large tana- 

ger. Sexes very different in appearance when adult. The adult male 
is black, with white underwing coverts. The adult female and juve- 
niles of both sexes are rufous brown. 

Resident in Panama. Most common in young, scattered, second- 

growth forest, but common also in moderately low bushes as well as 
in the treetops. 

Only very slightly gregarious apart from mixed species flocks. 
Moderately active. Not very noisy. 

Fulvous-vented, Thick-billed, and Yellow-crowned Euphonias 
(Tanagra fulvicrissa, T. laniirostris, and T. luteicapilla) —Small to 

very small tanagers. The adult males of all three species are largely 

black glossed with steel-blue above, with yellow foreheads and yellow 
underparts. The adult females and juveniles of all three species are 
largely olive. 

All three species are resident in Panama. The fulvous-vented 
euphonia is most common along the edges of fairly mature forest. 

The thick-billed and yellow-crowned euphonias are more characteristic 
of young second growth. 

All three species seem to be only moderately gregarious apart from 

mixed species flocks. They are all very active and noisy, uttering a 
variety of call notes almost constantly when moving. 

Bananaquit (Coereba flaveola).—Another honeycreeper type, but 
very different from the blue and green honeycreepers in many respects. 
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Very small. Sexes nearly identical: gray above, with a black cap, and 
white superciliary stripes, and largely yellow below. 

Resident in Panama. Common both in young second-growth forest 
and scrub, and along the edges of fairly mature forest, in low bushes 
as well as in the treetops. 

Only very slightly gregarious apart from mixed species flocks. 
Active. Very noisy during the breeding season, when the males may 
utter shrill monotonous songs for hours on end. 

Yellow Warbler (Dendroica petechia).—All the yellow warblers 
observed with mixed species flocks during this study appeared to be 
migrants belonging to the subspecies aestiva which breeds in North 
America. They were largely yellow with rufous on the crown (but not 
over the whole head, as in the resident race erithachorides). They 
were observed only during the Northern Hemisphere winter. 

In Panama these warblers are widely distributed and moderately 
common. They are active, but silent, and almost completely nongre- 
garious apart from mixed species flocks. 

Streaked and Buff-throated Saltators (Saltator albicollis and S. 
maximus) .—Relatively large finches. In both species the sexes are 
nearly identical. The streaked saltator is grayish olive above, with 
white superciliary stripes, and whitish below, streaked with grayish 
olive. The buff-throated saltator is largely olive above and gray below, 
with white superciliary stripes and a buff throat bordered by black. 

Both species are resident in Panama and most common in young 
second-growth forest. They are primarily birds of the treetops and 

the upper levels of moderately high shrubbery. 

They are not very active or noisy, and only slightly gregarious 
apart from mixed species flocks. 

OTHER SPECIES 

The species described above are the ones that occur most frequently 
in the blue and green tanager and honeycreeper flocks in central 

Panama, in the Canal Zone and adjacent areas. 

Many other species may also occur in such flocks, but much less 
frequently, either because they themselves are rare, or because they 

are not attracted to such flocks very strongly. Among these species 

are the scarlet-thighed dacnis (Dacnis venusta), the white-winged 

tanager (Tachyphonus luctuosus), the yellow-rumped tanager (Ram- 

phocelus icteronotus), the resident yellow-tailed and yellow-backed 

orioles (Icterus mesomelas and I. chrysater), the migrant Baltimore 

oriole (I. galbula), the clay-colored thrush (Turdus gray), a variety 

= 
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of flycatchers (especially the yellow-bellied elaenia, Elaenia flavo- 
gaster, the social flycatcher, Myiozetetes similis, and the rusty- 
margined flycatcher, M. cayanensis), and several different types of 

vireos and cotingas. 

There are also some species, including the green-backed sparrow 
(Arremonops conirostris), the dusky-tailed ant-tanager (Habia fusct- 
cauda), the blue-black grassquit (Volatinia jacarina), the variable 
seedeater (Sporophila aurita), and the yellow-bellied seedeater (S. 

nigricollis) , that are associated with blue and green tanager and honey- 
creeper flocks in some circumstances, but are usually more or less 
distinctly separated by habitat preference (see below). 

Finally, there are some species, such as hummingbirds, woodpeckers, 

and the Tovi parakeet (Brotogeris jugularis), that are not infre- 
quently found in close physical proximity to blue and green tanager 
and honeycreeper flocks, but still appear to be essentially independent 

of such flocks, as their movements are seldom or never coordinated 

with those of the flocks. 

DESCRIPTION OF THE FLOCKS 

Mixed blue and green tanager and honeycreeper flocks are very 

widely distributed in central Panama, but they are most characteristic 

of lowland areas. Some of the species of what may be called the 
“blue and green tanager and honeycreeper alliance” ? seem to be abso- 
lutely confined to the lowlands. Other species of the alliance occur 
in both lowland and highland areas. I have seen some of them near 
the peaks of the highest mountains in central Panama, around 3,200- 
3,400 feet above sea level, and even higher in western Panama (see 
below) ; but all or most of them are more common in the lowlands 
than in the mountains. I have never seen large typical mixed blue 
and green tanager and honeycreeper flocks above 2,000 feet elevation 
in central Panama. 

Most of the species that occur in mixed blue and green tanager 
and honeycreeper flocks are essentially arboreal, and all the species 
that are regular members of such flocks are primarily “edge” birds. 
Most of them also prefer to remain as high above the ground as 

possible. Typical mixed blue and green tanager and honeycreeper 
flocks usually stay in or near the treetops, and never occur very far 

2 The term “alliance” will be used throughout this paper to include all the 

species that are regular members (see below) of a particular type of mixed flock, 

plus any other species that occur in that particular type of mixed flock relatively 

frequently. 
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inside the forest below the canopy. They come nearest to the ground 
in certain areas where tall trees are scarce. In such areas they some- 

times come down to the top of low scrub, no more than a few feet 
above the ground. They may then be joined by such species as the 
green-backed sparrow and the dusky-tailed ant-tanager, which usually 

occur inside low scrub. These low-scrub species usually drop out of 
mixed blue and green tanager and honeycreeper flocks as soon as the 
other members of the flocks return to the trees. 

All or most of the members of any given mixed blue and green 
tanager and honeycreeper flock are usually in approximately the same 
level of vegetation at any given time. This is one of the more distinc- 

tive features of such flocks (see below). 

Mixed blue and green tanager and honeycreeper flocks are formed 
most frequently and are most often large during the nonbreeding 

season. Birds of many species of the blue and green tanager and 
honeycreeper alliance tend to associate with individuals of other 
species of the alliance relatively infrequently during the breeding 
season, as they adopt territories or (if they already own territories ) 
they spend more and more time in the immediate vicinity of their 
nests; but they seldom or never stop associating completely. Every 
once in a while during the breeding season a mixed blue and green 
tanager and honeycreeper flock will be formed which is quite as large 
and complex as any formed during the nonbreeding season. 

Mixed blue and green tanager and honeycreeper flocks are not very 

stable in any circumstances. Associations between individuals of 
different species of the blue and green tanager and honeycreeper 
alliance tend to be brief and are very seldom or never sustained con- 

tinuously over a whole day. The composition of mixed blue and green 
tanager and honeycreeper flocks is also extremely variable, almost 

from minute to minute. Birds of different species are constantly 

coming together, staying together for a brief period, and then becom- 

ing separated again as some move on (perhaps going a considerable 

distance away) and others do not. 

In spite of this short-term variability, it is quite obvious that the 

same birds of the same species tend to come together again and again. 
In favorable habitats (see below) the same birds of the same species 

may rejoin one another a dozen times a day and will certainly rejoin 

one another day after day for periods of at least several months. 

None of the species of the blue and green tanager and honeycreeper 

alliance seems to have any special behavior patterns whose main func- 

tion is to attract individuals of other species. In many or most cases, 
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individuals of different species just tend to stick together whenever 
they happen to run across one another in the course of their ordinary 

activities. 
Mixed blue and green tanager and honeycreeper flocks can be 

formed at any time of the day between sunrise and sunset; but they 
are probably more common and larger, on the average, during early 
morning, when all the species of the alliance are most active, than 
during later periods of the day. 

The social spacing of individual birds in mixed blue and green 
tanager and honeycreeper flocks is quite as variable as the composition 

of such flocks. Sometimes some or all of the members of a flock are 
very close together, within a few inches of one another. Oftener they 
are more scattered, most of them being separated from their nearest 
neighbors by distances of several feet or yards. Sometimes they are 
so widely scattered that their membership in the same flock is revealed 
only by their tendency to move in the same direction at approximately 
the same time. 

The more highly integrated mixed blue and green tanager and 
honeycreeper flocks (which are not necessarily the flocks in which 
the members are nearest to one another in space) seem to be confined 

within certain definite ranges. In some cases, at least, the borders of 

these ranges seem to be directly determined by features of the vegeta- 

tion or topography, rather than social contacts between adjacent flocks. 

Individual birds, pairs, and larger family groups of some species 
may defend territories while they are part of mixed flocks (see 

below) ; but there is no joint defense of the flock range as a whole. 

Most of the species of the blue and green tanager and honeycreeper 
alliance seem to have rather generalized feeding habits. Most of the 
tanagers, and probably the saltators, eat a great deal of fruit; the 
honeycreepers eat fruit and nectar; and all the species of the alliance 
eat many insects. The feeding habits of all these species seem to 
overlap widely. It is very common to see at least three or four species 

feeding on the same food at the same time in the same place. This 
occurs most frequently when some favored fruit or flower is particu- 
larly abundant, and when swarms of insects emerge after hatching. 

It might be supposed, therefore, that the association of many of 
these species in mixed flocks is purely coincidental. It is conceivable 

that such flocks might be formed and maintained simply because many 

species are attracted to, and remain near, the same food sources. 

There are various indications, however, that at least some (and 

perhaps the majority) of the associations between species of the blue 
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and green tanager and honeycreeper alliance are produced by some 
social factors, in addition to (or instead of) the direct and immediate 
stimulus of food. 

The effects of such special social factors are obvious in the case of 

some associations. Birds of some species definitely do tend to join 

and follow birds of certain other species in places (e.g., the top 
branches of tall, dead, bare trees) where there is little or no food 

available and/or when they are obviously not in the mood to feed (as 

shown by the fact that they do not begin to feed immediately after 
joining or following). 

The factors controlling the behavior of other species are more 

obscure. It is evident, nevertheless, that the birds of the blue and 

green tanager and honeycreeper alliance inhabiting any given area 
are relatively seldom scattered randomly among the particular parts 
of that area where food is most abundant at any given time. They 
tend to occur in “clumps,” first in one part and then in another. 

The minor movements of many mixed flocks are also extremely 
suggestive. The behavior of birds feeding in Cecropia trees on Barro 
Colorado Island may be cited as an example. These trees are common 
along the edges of clearings, and many or most of the trees in any 
particular area seem to bear fruit at almost exactly the same time. 

Large mixed flocks of the frugivorous members of the blue and green 

tanager and honeycreeper alliance frequently feed on the ripe Cecropia 

fruits. Such flocks are usually very restless. All the birds of a mixed 
flock may be feeding on the fruits of one particular tree, when one 
bird or part of the flock may suddenly fly over to an adjacent tree and 

begin to feed there. In such cases, the remaining members of the flock, 

left in the first tree, frequently (perhaps usually) fly over to the second 

tree sooner or later. A mixed flock may visit a dozen different Cecropia 
trees in fairly rapid succession in this way. It is also quite common 

for a flock to fly back and forth, visiting and feeding in these same 
trees again and again. In view of the frequency of such back-and- 

forth alternation, and the fact that the fruits of almost all the trees 

usually seem to be in essentially identical condition, it is difficult to 

believe that all the members of such a mixed flock are really looking 

for a different food when they move. It seems more likely that most 

of the members of the flock are simply reacting to the movements of 
the first birds to fly; and the first birds may have flown, or started 

to fly, for any one of several different reasons, including pure “restless- 

ness,” slight alarm, or a brief outburst of aggressiveness within the 

flock. Such reactions would at least suggest that some positive social 
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relationships are widespread among most of the species of the blue and 
green tanager and honeycreeper alliance. 

It is difficult to believe, in any case, that birds of different species 

could occur together as frequently as many members of the blue and 
green tanager and honeycreeper alliance without forming social bonds 
among themselves. 

Many or most of the birds in mixed blue and green tanager and 
honeycreeper flocks may be attracted to one another as a result of some 

conditioning process, having “learned” that the presence of other spe- 

cies is usually an indication of food in the neighborhood. Birds of the 
blue and green tanager and honeycreeper alliance may also tend to se- 
cure more food more easily, in the long run (although not always), 

when in mixed flocks than when not in mixed flocks. It is even possible 
that facilitation of feeding is the principal adaptive advantage of the 
habit of forming mixed flocks, i.e., the principal reason why such 
habits were selected during the evolution of many species of the blue 

and green tanager and honeycreeper alliance (but see comments be- 

low). Even if all these possibilities should be established as proven 
facts, however, they would not be evidence that the attraction of food 
is the sole cause of the formation and maintenance of many or most of 
the associations between individuals of different species in most of 
the mixed blue and green tanager and honeycreeper flocks observed 
at the present time. 

There are even some indications that some slight social attraction 
between individuals of different species is very widespread among 
passerine birds in general, even species that are seldom or never found 
in mixed flocks. Observation of many different species of passerine 

birds in Panama would suggest that an individual of almost any 
species may approach, or at least perform intention movements of 
approaching, individuals of almost any other species, especially upon 
first hearing or seeing the other individuals. This may be nothing 
more than “curiosity”; but it does tend to bring birds together, and it 

may be one of the sources from which more strongly gregarious 
tendencies have been developed in the course of evolution (see below). 

All other factors being equal, the chances of one bird’s approaching 

another bird of another species seem to be dependent upon the degree 

of resemblance between the two birds. Birds of different species are 

more likely to approach one another if they resemble one another in 
certain conspicuous features, such as color or voice, than if they are 
very different from one another in all features. 

Although food may not be the only, or the principal, attraction 
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bringing birds of the blue and green tanager and honeycreeper alliance 
together, the mixed flocks of this alliance may still be considered pri- 
marily feeding groups in one sense. Almost all the birds in such flocks 
spend most of their time feeding, or (apparently) looking for food, 
as long as they remain in the flocks. (They also spend most of their 

time feeding and looking for food when they are not in mixed flocks. ) 

This does not mean that birds never perform other activities in mixed 

flocks. Any individual or group of any species in a mixed flock may 
preen or perform other comfort activities, or engage in hostile dis- 

putes, or start courtship, or even just pause to rest while in the flock ; 

but the performance of such nonfeeding patterns usually tends to 
reduce the cohesion of the flock. The birds performing such nonfeed- 
ing patterns tend to drop out of the flock if they continue such activi- 

ties for any appreciable length of time. The flock just moves off and 
leaves them behind. 

The only nonfeeding activities that may greatly increase the co- 
hesion of mixed flocks are escape and mobbing reactions. Escaping 
and mobbing birds tend to bunch together particularly closely. Mob- 
bing also attracts other birds in the neighborhood, and the sight of one 
bird escaping may induce other birds to fly in the same direction. 

In the course of the present study, mixed flocks of the blue and 
green tanager and honeycreeper association were observed most 

thoroughly in three different areas: 

(1) On Barro Colorado Island, in and around the large clearing 

of the biological station. This clearing is roughly rectangular, approxi- 
mately a quarter of a mile long and 300-500 yards wide in most places, 

and stretches up a steep hill (approximately 275 feet high) from the 
shores of Gatun Lake. It is surrounded by fairly mature second- 
growth forest on three sides. There are also some trees and patches 

of shrubbery (mostly fruit trees and introduced ornamental bushes) 

scattered irregularly within the clearing. Mixed blue and green tana- 

ger and honeycreeper flocks are common in the trees around the edge 
of the clearing, and sometimes visit the trees and shrubs within the 
clearing, especially when the birds are crossing from one side of the 
clearing to the other. 

(2) On the mainland, about 2 miles away, near the little town of 

Frijoles. In this area observations were made along approximately a 

half mile of railroad track and along several narrow paths leading off 

the track. The vegetation in this area is second growth, obviously 

younger than most of the forest on Barro Colorado Island. It is also 
extremely diverse, ranging from low scrub and gardens around houses 

ss 

= 
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to moderately thick forest. There are a few cultivated flelds (most 

of which were bare or planted with low crops at the times of observa- 
tion) scattered in the midst of the forest and scrub, and a few yards 

of grass along both sides of the railroad track. The ground beside the 
railroad track is level, but the rest of the area is quite hilly. Mixed 
biue and green tanager and honeycreeper flocks occur in almost all the 
scrubby and forested parts of this area. (A peculiar feature of this 

area is a series of steel pylons, carrying electric cables, at regular 
intervals along the railroad track. Most of these pylons are separated 
from the nearest trees by an appreciable distance. The distribution 
of some birds is sometimes greatly affected by the presence of these 
pylons.) 

(3) About 10 miles from the other two, near the town of Gamboa. 
The vegetation in this area is much the same as in the Frijoles area. 

Most of the observations in this area were made along approximately 
a mile of concrete road. Mixed species flocks are common along the 

edges of the forest and high scrub on both sides of the road. 

The nature of the mixed flocks in these areas may be illustrated in 
more detail by the accompanying tables. 

(It should be emphasized that the data in these tables are merely 
examples. The analyses of flocks and the behavior of individual 
species in the following pages are based upon many other types of 

counts and other observations, in addition to the data summarized in 

these particular tables.) 

The data summarized in the first group of tables (I to 19) were 

obtained by observation of birds in and around the clearing on Barro 
Colorado Island between October 26 and December 20, 1959. This 
time of the year is the nonbreeding season for the members of the 
blue and green tanager and honeycreeper alliance. 

Table 1 is an attempt to indicate the frequencies with which various 

species may occur in mixed flocks in this area at this time of the year. 
It is a count of the number of times individuals of the 12 most fre- 

quently observed species of tanagers, honeycreepers, and warblers 
were seen in mixed flocks and not in mixed flocks during the whole 
period of observations. This count was made as follows: 

An observer walked around the clearing and counted every finch, 
tanager, honeycreeper, and warbler seen. Any of these birds seen in 
a tree or bush in which there were also one or more other birds of 

some other species (any other species, including nonpasserines) at 
the same time were counted as being in a mixed flock. The only excep- 

tions were some birds in very large trees. In such trees a bird was 
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counted as being in a mixed flock only if there were one or more birds 
of some other species within approximately 50 feet. Any finch, tana- 
ger, honeycreeper, or warbler flying in a group with one or more birds 
of some other species was also counted as being in a mixed flock. Each 

TABLE 1.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

The number of times individuals of some species of the blue and green tanager 
and honeycreeper alliance were seen in mixed flocks and apart from mixed flocks. 

No. of times 
individuals 

seen in No. of times No. of times 
obviously individuals individuals 
integrated seen in seen not in 

Species mixed flocks mixed flocks mixed flocks Totals 

Plain-colored tanagers ..... 106 478 569 1047 

(10) (40) 
Palm. tanawete oc cwoihs o0.05 a7 145 156 301 

(9) (48) 
Bie CANABETS 0. access i8 121 148 269 

(7) (45) 
Golden-masked tanagers ... 9 25 36 61 

es) (41) 
Green honeycreepers ....... 0 50 63 113 

(8) (44) 
Red-legged blue honey- 

RXCCREKS “oRaecs Mes cues es 4 84 31 115 

(3) (73) 
Be GaGhises tee oes 6 ooh. vs o 33 33 66 

(50) 
Crimson-backed tanagers ... I 40 121 161 

(25) 
Summer tanagers .......... Oo 23 30 53 

(43) 
Fulvous-vented euphonias .. I 14 II 25 

(4) 
Bananaquits .............. 3 52 82 134 

(2) (39) 
Yellow warblers ........... n) 17 75 Q2 

(18) 

bird was counted individually. Thus, for instance, when two tanagers 

of the same species were seen together they were counted as two in 
the table. 

Birds other than finches, tanagers, honeycreepers, and warblers 

were counted only when they occurred in association with the latter 
but were counted in the same way. 

The observer made no attempt to follow any single birds or flocks. 
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As soon as any single bird or flock was counted, he resumed walking 
around the clearing. As most periods of observation lasted for several 
hours, the observer repeatedly retraced his steps and made counts in 
the same places. Many individual birds and some flocks were undoubt- 
edly counted several times during any single period of observation. 

Individual birds and flocks that did not move about very much were 
counted repeatedly in the same places. (It should be noted, however, 
that the composition of mixed flocks usually changed, to a greater or 

lesser extent, between successive counts.) Individual birds and flocks 

that did move about appreciably (as most did) were often counted 
several times in different places, although a definite attempt was made 
not to count the same individuals or flocks twice within 15 minutes. 
Most individual birds around the clearing were also counted repeatedly 
on successive days. 

Thus the figures shown in table 1 under the headings “Number of 
times individuals seen in mixed flocks” and “Number of times indi- 
viduals seen not in mixed flocks” are certainly very much larger than 
the real numbers of individual birds seen in mixed flocks and apart 
from mixed flocks. 

It is difficult to estimate the actual numbers of individual birds of 
different species in and around the clearing during the periods in 
which these counts were made, as few of the birds were distinctively 
marked or banded, and there were certainly some changes in the popu- 
lations of some or all species between October and December. As a 

very rough estimate, I would guess that there were at least 10 plain- 

colored tanagers (quite possibly 16), 4 palm tanagers, 4 blue tanagers, 
2 golden-masked tanagers, 5 green honeycreepers, 6 red-legged blue 
honeycreepers, 4 crimson-backed tanagers, 2 summer tanagers, 2 
fulvous-vented euphonias, 4 bananaquits, and 2 yellow warblers in 

and around the clearing more or less regularly during all or most of 

the period between October and December. Additional individuals of 
all or most of these species turned up from time to time, but usually 
did not stay long. 

(It will be noted that no finches are included in table 1. Most of the 

finches in and around the clearing seldom or never joined the mixed 

flocks of the blue and green tanager and honeycreeper alliance or 

went very high in the trees. The only exceptions were variable seed- 

eaters, some of which, especially males, did go high in the trees and 

were frequently associated with mixed blue and green tanager and 
honeycreeper flocks. They are not counted in table 1 simply because 

they spent most of their time on the ground or in low grass in the 
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clearing when they were not in the trees, and it was felt that to count 
only the variable seedeaters in trees would provide a very inadequate 

sample of the population of the area and convey a misleading impres- 
sion of the behavior of the species. ) 

The method used in compiling table 1 (which was used in order 
to obtain the largest possible count of associations between species) 

has certain inevitable defects. It is probable, for instance, that some 
birds that were really associated with mixed flocks were not counted 
as members of such flocks simply because they did not happen to be 
in the same trees as the other members of their flocks when they were 

counted. It is also probable that some of the groups of birds that 
were classified as mixed flocks during this count were essentially 
chance aggregations of individuals that were not really reacting to 

one another in any significant way. Many or most of the birds in 
most of the groups, however, did show some tendencies to keep 

together, at least intermittently or for brief periods of time. Many 
of the groups seemed to be very well organized, composed of indi- 

viduals that tended to join or follow one another in a very regular 

manner. 

Perhaps the most conspicuous examples of groups held together 
by relatively strong social bonds were flocks that moved about as 
units, all the individuals of the group flying close together at the 

same time and in the same direction. The number of times individuals 

of different species were seen flying in such groups is also indicated 
in table 1 under the heading “Number of times individuals seen in 

obviously integrated mixed flocks.” 

The figures in parentheses in table 1 are percentages of the total 
number of times individuals of any given species were seen, both in 
mixed flocks and not in mixed flocks. Thus, for instance, the 106 

times individual plain-colored tanagers were seen in tightly integrated 
mixed flocks are approximately 10 percent of the total number of 
times (1,047) individual plain-colored tanagers were seen, both in 

mixed flocks and not in mixed flocks. 

Table 2 may be considered a supplement to table 1. It is a record of 

the same observations as those recorded in table I, summarized in a 

different way. 

The number of times the different species (not the individual birds) 
were seen in mixed flocks and not in mixed flocks is indicated in the 

first two columns of table 2. In order to get these figures, individual 

birds were not counted separately unless they were seen without any 

other individuals of the same species nearby. Thus, for instance, when 
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two or more tanagers of the same species were seen together in the 
same small tree at the same time they were counted as one in these 
columns. 

The total number of times each species was seen is also indicated 
in table 2, in the third column. The percentage of times each species 

TABLE 2.—Data from observations in aid around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

The number of times certain species of the blue and green tanager and honey- 

creeper alliance were seen in mixed flocks and apart from mixed flocks, and the 

average number of individuals of each of these species per mixed flock and per 

nonmixed flock. 

No. of No. of 
times times Percentage Average Average 
species species Total No. of times No. individ- No. individ- 
seen in seen not times species uals per uals per 
mixed in mixed species seen mixed nonmixed 

Species flocks flocks seen mixed flock flock 

Plain-colored 

tanagers) .is26- 172 202 374 46 2.78 2.82 

Palm tanagers .... 126 108 234 54 U.15 1.44 

Blue tanagers .... 06 ITI 207 46 1.26 133 

Golden-masked 

HANA EES ei ee 25 30 61 41 1,00 1.00 

Green honey- 

creepers ....... 50 58 108 46 1.00 1.09 

Red-legged blue 

honeycreepers .. 47 22 69 68 1.79 1.40 

Blue dacnises .... 26 32 58 45 1.27 1.03 

Crimson-backed 

tANAPELS aris t 19 65 84 23 PRE 1.86 

Summer tanagers.. 20 27 47 43 1.15 1.11 

Fulvous-vented 

euphonias ...... 13 II 24 54 1,08 1.00 

Bananaquits ...... 44 68 112 39 1.18 1.21 

Yellow warblers .. 17 75 92 18 1.00 1,00 

was seen in mixed flocks is shown in the fourth column. These per- 

centage figures were calculated by using the figures in the first and 
third columns. 

Finally, the average number of individuals of the different species 

per mixed flock and per nonmixed flock is indicated in the last two 
columns of table 2. For this purpose every solitary individual that 
was seen by itself alone, without any other birds of the same or any 
other species nearby, was considered to form a separate nonmixed 

flock of its own, 
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Tables 3 to 6 are counts of special reactions within the mixed flocks 
in and around the clearing on Barro Colorado Island. 

Table 3 is a partial list of interspecific following reactions observed 
between October 26 and December 20. For the purposes of this table, 
only flying reactions were counted, when a bird of one species flew 
after a bird of another species. In some cases, the two birds flew from 
one tree to another; in other cases, from one branch to another within 

the same tree. Only rapid reactions were counted, when one bird 
flew after another within 30 seconds after the first bird flew. Only 

TABLE 3.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Unambiguous interspecific following reactions by tanagers, honeycreepers, and 

warblers. (Interspecific following reactions by finches are omitted from this 

table because all such reactions observed during this period were ambiguous in 

one way or another.) 

No. of 
cases seen Species following Species being followed 

BSH stee fe 3's Palm tanager Plain-colored tanager 

716 eee do. Blue tanager 

Ul a rat Blue tanager Plain-colored tanager 

a ag Sine. do. Palm tanager 

Beene Golden-masked tanager Plain-colored tanager 

Tees a eaants do. Blue tanager 
Bese ae Green honeycreeper Plain-colored tanager 

AO cree Summer tanager Plain-colored tanager 

1 eee do. Palm tanager 

A Fulvous-vented euphonia Plain-colored tanager 

ea eee Bananaquit Green honeycreeper 

aspen cee Chestnut-sided warbler Golden-masked tanager 

34 

those reactions are shown in which the following bird was a tanager, 

honeycreeper, or warbler (of any species—not only the ones included 

in tables I and 2). 

Table 3 is also a partial list because it includes only the following 

reactions which were seen quite clearly and could not be misinter- 

preted, i.e., when it was possible to identify both the followed bird and 

the follower with absolute certainty. Many following reactions are 

omitted from this table because they were ambiguous in one way or 

another. Thus, for instance, none of the cases in which a bird of one 

species followed a group of two or more species is included in the 

table, as it was impossible to determine exactly which particular species 
was being followed in such cases. Similarly, cases in which two or 
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more birds of one species followed a bird of another species were 
counted as single cases of interspecific following, as all but one of the 
following birds may have been following the first follower. Thus, 
the actual number of interspecific following reactions in the mixed 
blue and green tanager and honeycreeper flocks on Barro Colorado 

TaBLe 4.—Data from observations in and around the clearing on Barro Colorado 

Island between November 10 and December 20, 1959 

Unambiguous interspecific following and joining reactions by tanagers, honey- 

creepers, and warblers. (Interspecific joining as well as interspecific following 

reactions by finches are omitted from this table because all such reactions observed 
were ambiguous. ) 

No. of Species following Species being followed 
cases seen and/or joining and/or joined 

CV ance siete Plain-colored tanager Palm tanager 

eee ee do. Red-legged blue honeycreeper 

Teeter do. Crimson-backed tanager 

TOM eee Palm tanager Plain-colored tanager 

Biel alaess do. Blue tanager 

Dies eis do. Green honeycreeper 

Tt, eeheeeters do. Red-legged blue honeycreeper 

hes Senna do. Crimson-backed tanager 

se Eee Blue tanager Plain-colored tanager 

DU ASS do. Palm tanager 

Dre titetares do. Chestnut-sided warbler 

Ale eeeate Golden-masked tanager Plain-colored tanager 

Tat Sererats do. Blue tanager 

E leichenicacra Green honeycreeper Plain-colored tanager 

Lee earonras do. Bananaquit 

dees Nhe ee Red-legged blue honeycreeper Green honeycreeper 

Teeitovettntsis Summer tanager Plain-colored tanager 

Tee aters ste do. Palm tanager 

Bray. Se ov Fulvous-vented euphonia Plain-colored tanager 

Tie svete at Bananaquit Green honeycreeper 

1 Same Ee Chestnut-sided warbler Golden-masked tanager 

54 

Island was certainly larger, and probably very much larger, than the 

number of such reactions shown in the table. 
This table is set up with the following species shown on the left 

and the species they followed shown (separately for each following 
species) on the right. 

Table 4 is a partial list of both interspecific following and inter- 
specific joining reactions observed on Barro Colorado Island. For the 
purposes of this table, a bird was considered to have joined another 
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when it flew (or hopped, in a few cases) within 10 feet of the other 
(the other bird being perched at the time) without obviously forcing 
the other bird to leave. Only those interspecific joining reactions are 
shown in which the joining bird was a tanager or honeycreeper of any 
species. As in the case of the following reactions, only those joining 
reactions are shown which were completely clear and unambiguous. 
Thus, interspecific joining reactions were also actually much more 

common than indicated in the table. 
This table was compiled by adding together all the suitable cases of 

TABLE 5.—Data from observations in and around the clearing on Barro Colorado 

Island between November 10 and December 20, 1959 

Unambiguous interspecific following and joining reactions by tanagers, honey- 

creepers, and warblers. This is a different summary of the data shown in 

table 4. (Interspecific following and joining reactions by birds other than tana- 

gers, honeycreepers, and warblers are not included among the cases of being 

followed and/or joined.) 

No. of times seen following No. of times seen being 
Species and/or joining followed and/or joined 

Plain-colored stana ger ick ccacie ss ice 5 33 

Palinutatapen inet ecsciictes-laiersce eis mis. 25 6 

BIO R FAN a Seiad co citcleicisstoinis web » 60's. 8 4 

Golden-masked tanager .............- 5 I 

Green honeycreeper . «23.2. cijcwe seen ee 4 3 

Red-legged blue honeycreeper........ I 3 

Crimson-backed tanager ............. 0 2 

Summers tana geterertecteiteie civic ietaive = «013 2 oO 

Fulvous-vented euphonia ............ 2 0 

Bananagtit y. scceiiee atic sicnisielne see I I 

Chestnut-sided warbler .............. I I 

interspecific following and interspecific joining seen during the period 
between November to and December 20,° and it is set up in the same 

way as table 3. 

Table 5 is a different type of partial summary of the same inter- 

specific following and joining reactions shown in table 4. In table 5, 

the number of times each species was seen to follow or join and the 
number of times it was seen to be followed or joined are summarized 
separately, without indicating the other species involved in each case. 

None of the interspecific following or joining reactions included 
in the preceding tables were accompanied by overt indications of 

8 Recording of interspecific joining reactions was not begun until Novem- 

ber 10. This is the reason why earlier cases of interspecific following have 

been omitted from the summaries in tables 4 and 5. 

~<= 
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hostility ;* but overt interspecific hostility was not really rare in the 
mixed blue and green tanager and honeycreeper flocks on Barro Colo- 
rado. No interspecific contact fights, actual bill-to-bill or body-to-body 
struggles, were seen during the periods the flocks were studied inten- 
sively; but so-called supplanting attacks (see Hinde, 1952) were 
quite frequent. A supplanting attack may be said to occur when one 
bird flies to the spot where another bird is perched, and the other 
bird moves away immediately. Supplanting attacks may intergrade 

TABLE 6.—Data from observations in and around the clearing on Barro Colorado 
Island between October 26 and December 20, 1959 

Interspecific supplanting attacks by tanagers and honeycreepers. (No finches 

or warblers were seen to perform interspecific supplanting attacks in this 

area during this period of observation. ) 

ae eee Species supplanting Species being supplanted 

Hii que eis Plain-colored tanager Golden-masked tanager 

Ticvagstte sets do. Green honeycreeper 

if aS Gene do. Red-legged blue honeycreeper 

Deters etka: do. Crimson-backed tanager 

ys Pus Ae ee do. Bananaquit 

Di thao nisats Palm tanager Plain-colored tanager 

Zs RH RODE do. Blue tanager 

1h Concetta Blue tanager Plain-colored tanager 

Ihe shetty ates do. Palm tanager 

Ta cise ahevest do. Fulvous-vented euphonia 

se peeve rics Green honeycreeper Plain-colored tanager 

see eios do. Shining honeycreeper 

Bie sh fe aibe Crimson-backed tanager Blue tanager 

with joining attempts, but the difference between the two types of 
reactions is usually clear. Some of the supplanting attacks in the 

mixed flocks on Barro Colorado Island were accompanied by forward 
pecking or jabbing movements, obviously aggressive, by the attacking 

birds. 

Table 6 is a partial list of the interspecific supplanting attacks 

observed on Barro Colorado Island between October 26 and Decem- 
ber 20. This table is organized according to the same principles as 

the tables immediately preceding. Only those reactions are shown in 

4 The term “hostility” will be used throughout this paper to include all overt 

attack and escape behavior, as well as all reactions that seem to be produced 

by the interaction of attack and escape tendencies. 
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which a tanager or a honeycreeper was the active agent—in this case 
the attacker—and the specific identities of both the supplanting and 
supplanted birds were clear. 

Table 7 is a very partial indication of the frequency with which some 
species failed to induce interspecific reactions when such reactions 
might have been expected. It is a list of the number of times species 
of finches, tanagers, and honeycreepers were seen to fly away from 

mixed flocks in a very conspicuous manner (giving loud flight calls 
or call notes and performing exaggerated intention movements of 
flight before leaving) without being followed by any other species of 
the flocks. These incidents were also observed between October 26 
and December 20. 

TABLE 7.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

The number of times species of the blue and green tanager and honeycreeper 

alliance were seen to leave mixed flocks in a very conspicuous manner without 

being followed by individuals of other species. 

No. of times 
Species seen 

Eoeriita CROCS EAT ee on 5 scree as xh alee Herm uelv bla bls chic ma kewie ieee 40 

eR EAN Res et We ra oa yay bev wie le Sa EOS CR ean deh a ee 9 

PTR Sete TREO eon SSI kk wei RRR Slee ante a ete Sea ah ee 13 

Rede een Pe DONGVEEEEDET «sige ok wa cs cnink ws Sa whiacaawpe wa ae ee oles 3 

PNCAERARI ACHES] OM RE Er oS nt A ng Wish GOR Rs LE Gls wn ME SI I 

Tables 8 to I9 are designed to show the frequencies with which 
the I2 most commonly observed species of tanagers, honeycreepers, 

and warblers (the same species shown in tables 1 and 2) were asso- 

ciated with one another in mixed flocks on Barro Colorado Island 
during the whole period between October 26 and December 20. Each 
species is treated in a separate table, showing the number of times it 
was seen with every other species in flocks composed of two species 
and in flocks composed of three or more species. Every association 
between two species, even in flocks of three or more species, is counted 
separately. Thus, for instance, if plain-colored tanagers, palm tana- 
gers, and blue tanagers were seen together in the same flock, their 
group was recorded as one association between plain-colored tanagers 
and palm tanagers, one association between plain-colored tanagers and 
blue tanagers, and one association between palm tanagers and blue 
tanagers. The figures in these tables are counts of associations between 
species, not individuals. When several individuals of each of two 
species were seen together in the same flock, their group was counted 
as a single association between the two species. 
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TaBLe 8.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between plain-colored tanagers and certain other species in mixed 

flocks. 
No. of times seen with 

No. of times seen with plain-colored tanagers 
plain-colored tanagers in flocks of 3 or 

Species in 2-species flocks more species 

Palen tanacien ) syejccers cisie sia tereieres intone iets 39 37 

Bemba ets cychjoci vols nae sie erereronte lies 19 31 

Golden-masked tanager .............. 5 7 

Green honeycreeper ........c0sceese: 1! 11 

Red-legged blue honeycreeper........ 3 8 

Se ENNIS C8) ax, a elas & 5-0 fon vincrnctetene 2 2 

Crimson-backed tanager ............. I 7) 

SIMMMENLANAQ EL oa iye cists tse sun oie ersten 2 3 

Fulvous-vented euphonia ............ I 4 

AAA ARISE: WoL Nes Sin oreid'< < oss ae hee Ree 3 2 

PMN LOW AUGAN NEE Sie arareo-n'e' vos aoe sista ee I 5 

TABLE 9.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between palm tanagers and certain other species in mixed flocks. 

No. of times seen with 
No. of times seen with palm tanagers 

palm tanagers in flocks of 3 or 
Species in 2-species flocks more species 

Plain-colored tanager 20... -. sisee alels 39 37 

SARE IA CET eles’ 'sic'st solo: nie ee aie oe Brea 9 25 

Golden-masked tanager .............. 0) 5 

Green. honeycreepet 6.05.02. 0000 see o 12 

Red-legged blue honeycreeper......... I 12 

EME GAGS Css cls 'aed ie cnn cine cS acleeneg ty) 2 

Crimson-backed tanager ............. I 5 

Seer HANAGEE of ood .n se os csetelee see 2 4 

Fulvous-vented euphonia ............. I 2g 

EVAR ATIAG EL 05 fae: ayacecds a's acacia eae a eae 3 5 
Mellow Water: ahecs atescc2ssbaeeaen fC) 3 

TABLE 10.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between blue tanagers and certain other species in mixed flocks. 

No. of times seen with 
No. of times seen with blue tanagers 

blue tanagers in flocks of 3 or 
Species in 2-species flocks more species 

Plain-coloredtanager  . ..i..).0¢225-607 19 31 

Balmitana ceive: scieicsisces:svalee ousvornrener 9 25 

Golden-masked tanager .............. I 5 

Green BOneyCreeper iis wiici0 «6c oes ots 2 7 
Red-legged blue honeycreeper......... I 9 

Ber dacnisy ves iets cactsatals/eisstvaeven.ais sleiee I 2 

Crimson-backed tanager ............. 2 4 

Suminie tu tanagel crv icicle\s esis ciclsve..0\6 «ls I 3 

Fulvous-vented euphonia ............ 2 3 

Bananaquit. 2.25... Ad ORB COCR DOD ESt oO 3 

Wellow Warblers. sec adincsscceets ab ae {o) 3 
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TABLE 11.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between golden-masked tanagers and certain other species in 

mixed flocks. 
No. of times seen with 

No. of times seen with golden-masked tanagers 
golden-masked tanagers in flocks of 3 or 

Species in 2-species flocks more species 

Blaim-colored) tanagen.c-nirenentie oe 5 oT) 

Palm tanager sac; isicrsictessyaveyelsiceaysioreere () 5 

Bluey tanager, -./Aiecciideeiereesa ecisis 6 I 5 

Green’ honeycreeper fuss... ss. 0) I 

Red-legged blue honeycreeper......... 0 2 

Dive aseniswAn swtieistate kate te sls ds ) o 

Crimson-backed tanager ............. oO oO 

Sumimengtana cera sia esi is Sele esiee (0) 4 

Fulvous-vented euphonia ............. oO I 

BANANA Gtr ere crersterescis col uag eiaiaver ies re) a 

VellowAwarbleriancsoersuceccienscoues oO 3 

TABLE 12.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between green honeycreepers and certain other species in mixed 

flocks. 
No. of times seen with 

No. of times seen with green honeycreepers 
green honeycreepers in flocks of 3 or 

Species in 2-species flocks more species 

Plain-colored tanager ......... seoet II II 

Palmiptanacen sccm ccrise a slo sisie os ores ee o 12 

Blwettaniag eames siysvetattslsis ieee oee.sie vis 2 7 

Golden-masked tanager .............. (a) I 

Red-legged blue honeycreeper......... 2 7 

BIG eb DORIS pone Sic tale rch ns\cyS lace eh GisuwleyS asia I I 

Crimson-backed tanager ............. oO 2 

Summer Manager a veiisiecieiss)scrs o/s es, + ore 0 4 

Fulvous-vented euphonia ............. (a) oO 

Ban ANagiitee cine vomtetonte che sicreeseeenieies 9 4 

Wellow ‘warbler jae: costs dea cied See si oO 2 

TABLE 13.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1059 

Associations between red-legged blue honeycreepers and certain other species 

in mixed flocks. 

Species No. of times seen with No. of times seen with 
red-legged blue honey- red-legged blue honey- 

creepers in creepers in flocks of 
2-species flocks 3 or more species 

Plain-colored fanager ici soj0.0,000 5610 8 8 

alan tantamer cctea ese sievsvsis a0’ wis is}a's dale yere's I 12 

PNG static seg lates testes siatsicieis's vo, sicleve I 9 

Golden-masked tanager .............. (6) 2 

Green honeycreeper ...............-- 2 7 

Bilwsexdaenis tgs ceeetetecttsioe se ioe isis mi eaeioas 2 3 

Crimson-backed tanager ............. (0) 0 

Simmer tanacenn eee en eerie I 2 

Fulvous-vented euphonia ............ fy) I 
Bananaquit ..... A dtalewiote oraupenpheleate ces 6 

Wellow: warbler aviccveiteleiemieraiveitswioeiee oO 5 
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TABLE 14.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between blue dacnises and certain other species in mixed flocks. 

No. of times seen with 
No. of times seen with blue dacnises 

blue dacnises in flocks of 3 or 
Species in 2-species flocks more species 

Plain-colored tamager .. 5.5 sue wciecae ae 2 2 

Pal ANAC EE cea: erected Poe () 2 

BlMetana Rent awe skis He tence ee I 2 

Golden-masked tanager .............. Oo Oo 

Green honeycreeper ................. I I 

Red-legged blue honeycreeper........ 2 3 

Crimson-backed tanager ............. oO ra) 

Summers tanager™ §.:a wi wd sees adigeease I 1 

Fulvous-vented euphonia ............. o oO 

SAAD UIE iaars. sie lic o's snscarc prereeneees oO 2 

Mellow sWanblen air s.a's sists ene emetias 2 o 

TABLE 15.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between crimson-backed tanagers and certain other species in 
mixed flocks. : A 

No. of times seen with 
No. of times seen with crimson-backed tanagers 

crimson-backed tanagers in flocks of 3 or 
Species in 2-species flocks more species 

Plain-colored tanager ........0ss0+ 0 I 7 

PAUAMEATIADET $< is inne sc jee sie sjosieneerauniae I 5 

MEAN AR EE elon kcieie ete len seme ceidee 2 4 

Golden-masked tanager .............. 0 (a) 

Green honeycreeper’ |... 6.5 asc ois ves ) 2 

Red-legged blue honeycreeper......... 0 oO 

DIGer GAC: sos eke on cteccess cones re) 0 

Sumter €anager oss) Gs siete oc ieeenens (a) I 

Fulvous-vented euphonia ............. (a) 0 

AMAA Itie ta wit cicinys ors shane eee ei cceretete (a) I 
Wellow) watbler” sci. c. cist wad etesone I I 

TABLE 16.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between summer tanagers and certain other species in mixed 
flocks. 

No. of times seen with 
No. of times seen with summer tanagers 

summer tanagers in flocks of 3 or 
Species in 2-species flocks more species 

Plain-colored’ tanager 2.2.6.2. cee. 0c 2 3 

Palit tAMAR EL | chee oc ones cemaoceete 2 4 

Biluettanaper sie eee ee eee it 3 

Golden-masked tanager .............. oO 4 

Green honeycreeper ..............0.. 0 4 

Red-legged blue honeycreeper......... I 2 

BMRA aCIIS: Sek Msele ioe cle oils sins, sale I I 

Crimson-backed tanager ............. 0 I 

Fulvous-vented euphonia ............. 0 Oo 

Bananagtitis c:o°< seis «ae cle medal aeueiesanenstchote 2 3 
EMO WET DIED cb,c/ele vic new g eove « wlese'te fe) 2 
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TABLE 17.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between fulvous-vented euphonias and certain other species in 
mixed flocks. 

No. of times seen with 
No. of times seen with fulvous-vented euphonias 

fulvous-vented euphonias in flocks of 3 or 
Species in 2-species flocks more species 

Plaim-colored tanager co-.-.e0sces.+ +e I 4 

Palit tamacer scene et tin oc sio' eleres © I 3 

Blue stanacet waar csiestit ksi el seie's 2 3 

Golden-masked tanager .............. oO I 

Green honeycreeper 2.0 .0..5-...050 56 6) oO 

Red-legged blue honeycreeper......... 0 I 

BIR MaCni sway veers iets creas eue-are (6) a) 

Crimson-backed tanager ............. (a) ) 

Summer tanaeelyrc rector: erteisiaicre eee (6) (a) 

Bananagitimaecterterss calevsmarclosree ce es ais (0) (a) 

Welloyrowarblem Sync cieciascicineees ses (e) O 

TABLE 18.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between bananaquits and certain other species in mixed flocks. 

No. of times seen with 
No. of times seen with bananaquits 

bananaquits in flocks of 3 or 
Species in 2-species flocks more species 

iain-colored stanaget) eu.e.e.c+-ccces 3 2 

Feat rratania AGiaw he eteieleverecey stots anes @ ave are 3 5 

Blwextania oe Cte tas aiseiscleisit aie wisis ba sne lee (0) 3 

Golden-masked tanager .............. ) 2 

Green honeycreeper ..............22: 9 4 

Red-legged blue honeycreeper......... 3 6 

IBuerdaemismenriaicctc wre siwieirs em a io'ske is aes fe) 2 

Crimson-backed tanager ............. (0) I 

Stmimer tamager.. 6.05 asmikwiie seecaess 2 3 
Fulvous-vented euphonia ............. 0 0 

Ne llOwWar wa Gl etlacia cies cise bie Secers ae (a) 3 

TABLE 19.—Data from observations in and around the clearing on Barro Colorado 

Island between October 26 and December 20, 1959 

Associations between yellow warblers and certain other species in mixed flocks. 

No. of times seen with 
No. of times seen with yellow warblers 

yellow warblers in flocks of 3 or 
Species in 2-species flocks more species 

Plain-colored! tanager <j... 006.4 00% +k I 5 

Pailina eAaIAOE Re cletotiale giclee /0's << eyctt age 0) = 

Bluentanacensc cee trecccicrsis ses ioe sissies (0) 2 

Golden-masked tanager .............. (e) 3 

Gréen honey Creeper ccc... s)0% «1s ele ei06,0'0 (a) 2 

Red-legged blue honeycreeper........ 0 5 

Binerdacnismeertucuctrcisie enn eect 2 (a) 

Crimson-backed tanager ............. I I 

Summer tanager ........ acieliaanaaybysive rors oO a 

Fulvous-vented euphonia ............ a) o 

Biaiania Quiitumetuce, eign ins atersnneions pea leevete ies ce) 3 
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Tables 20 to 27 are based upon observations in the area near 
Gamboa between July 12 and August 15, 1960. Many of the birds 
of the blue and green tanager and honeycreeper alliance appeared to 
have just finished breeding at this time. All the data in these tables 

TABLE 20—Data from observations near Gamboa between July 12 and 

August 15, 1960 

The number of times individuals of some species of the blue and green tanager 

and honeycreeper alliance were seen in mixed flocks and apart from mixed 

flocks. 

No. of times 
individuals 

seen in No. of times No. of times 
obviously individuals individuals 
integrated seen in seen not in 

Species mixed flocks mixed flocks mixed flocks Totals 

Plain-colored tanagers ..... 0 06 82 178 

(54) 
IDalmmtatla Sensi seeiiscissienie 3 167 78 245 

(1) (68) 

Blvettanagensm cme ce este 2 203 241 534 

(55) 
Red-legged blue honey- 

CHEEPEPS eae ca ieee: 0) 31 33 64 

(48) 
Blwerdacnisesi.tig.... <a e (0) II 5 16 

(69) 
Crimson-backed tanagers ... 2 03 81 174 

(1) (53) 
White-lined tanagers ...... ts) I 4 5 

(20) 
Yellow-crowned euphonias.. 0 26 29 55 

(47) 
Thick-billed euphonias ..... 0 14 4 18 

(78) 
Streaked saltators :..,...: 0 48 62 110 

(44) 
Buff-throated saltators ..... o 36 35 71 

(51) 

were obtained by the same methods as the data from Barro Colorado 
Island. 

Tables 20 and 21 show how frequently the 11 most commonly 
observed species of finches, tanagers, and honeycreepers (of the blue 

and green tanager and honeycreeper alliance) were seen in mixed 

flocks and not in mixed flocks, and the average number of individuals 
of these species per mixed flock and per nonmixed flock. Very few 
warblers were seen with blue and green tanager and honeycreeper 
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TABLE 21.—Data from observations near Gamboa between July 12 and 

August 15, 1960 

The number of times certain species of the blue and green tanager and honey- 

creeper alliance were seen in mixed flocks and apart from mixed flocks, and the 

average number of individuals of each of these species per mixed flock and per 

nonmixed flock. 

No. of 
times 

species 
seen in 

‘i mixed 
Species flocks 

Plain-colored 

CANA CHS) suaciels Se 46 

Palm tanagers ... 85 

Blue tanagers .... 147 

Red-legged blue 

honeycreepers .. 20 

Blue dacnises .... 7 

Crimson-backed 

taAnageEs) ey)... 62 

White-lined 

tanagers’ ....5.- I 

Yellow-crowned 

euphonias ...... 18 

Thick-billed 

euphonias ...... 9 

Streaked saltators. 40 

Buff-throated 

Saltatorsy Semi. aici 29 

No. of 
times Percentage Average Average 

species Total No. of times No. individ- No. individ- 
seen not times species uals per uals per 
in mixed species seen mixed nonmixed 
flocks seen mixed flock flock 

35 81 57 2.09 2.34 
47 132 64 1.06 1.66 

138 285 52 1.99 1.75 

19 39 51 1.55 1.74 
3 10 70 1.57 1.67 

51 113 55 1.50 1.59 

4 5 20 1.00 1.00 

17 35 ay! 1.44 1.71 

2 II 82 1.55 2.00 

58 98 41 1.20 1.07 

29 58 50 1.24 1.21 

TABLE 22,—Data from observations near Gamboa between July 12 and 

August 15, 1960 

Unambiguous interspecific following reactions by tanagers and finches. (No 
honeycreepers or warblers were seen to perform unambiguous interspecific fol- 
lowing reactions in this area during this period of observation. ) 

No. of 
cases seen Species following Species being followed 

Da. Wp Lea Palm tanager Blue tanager 
Ei. ACES Blue tanager Plain-colored tanager 
Bo. Gey Ree do. Palm tanager 
Vane ss cade do. Crimson-backed tanager 
Terie See Variable seedeater Plain-colored tanager 

> 
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TABLE 23.—Data from observations near Gamboa between July 12 and 

August 15, 1960 

Unambiguous interspecific joining reactions by tanagers, honeycreepers, and 

finches. (No warblers were seen to perform unambiguous interspecific joining 

reactions in this area during this period of observation.) 

No. of 
cases seen Species joining Species being joined 

I RR Palm tanager Plain-colored tanager 

Bie Saree eae ays do. Blue tanager 

BE UR nears aeeye Blue tanager Plain-colored tanager 

Beat aakee Gems do. Palm tanager 

Tonaaroae aiesiet: Blue dacnis Palm tanager 

There tieey Gees OO Crimson-backed tanager Blue tanager 

1 Re ona reanted 4 Buff-throated saltator Plain-colored tanager 

1 A Asis at ame do. Blue tanager 

TABLE 24.—Data from observations near Gamboa between July 12 and 

August 15, 1960 

Interspecific supplanting attacks by tanagers and finches. (No honeycreepers 

or warblers were seen to perform interspecific supplanting attacks in this area 

during this period of observation.) 

nee hy Species supplanting Species being supplanted 

Tip eye detsAS sya 22 Plain-colored tanager Yellow-crowned euphonia 

Fehon Sei rep tehe do. Seedeater * 

BB ea acon eiotti sets Palm tanager Blue tanager 

i taseatrenda Steely rated do. Plain-colored tanager 

Licata coe Ae els do. Yellow-bellied elaenia 

Lee ata GOR ce Blue tanager Plain-colored tanager 

DE AR GORE do. Palm tanager 

Mee ey pena ays Crimson-backed tanager Blue tanager 

Te eit e wae oars Buff-throated saltator Blue tanager 

* This bird was almost certainly a female or juvenile male variable seedeater. 

TABLE 25.—Data from observations near Gamboa between July 12 and 

August 15, 1960 

The number of times species of the blue and green tanager and honeycreeper 

alliance were seen to leave mixed flocks in a very conspicuous manner without 

being followed by individuals of other species. 
No. of times 

Species seen 

Plaineealored jtatiaeeny. S15: be atavetbee weraceaeiel ete abe aborererare ato Mlerara Gi inte wae matole 7 

Prallesacite tae ete van diatatets ccd shu. con’ opis aa ayaa Cinna SPORES Shae ttevalsia ie cuapacabay teamed arab 5 

1B RbTEN eabektexa ecto O ain A OIE HERO od Od opo ccd oa Cec icog caOM emer oe conan: 10 

Red-lepced bite honeycreeper s.<.:2 asc sicheee ena & 2 cieimk © einlaceiesaieis, oo oieueie I 
SrcimsOn-Nacked Geanagen  o.:vecs ccs otic eet arstner tie) meinl + sae se nieve « Ayal inie 4/4. shone 6 

Mhick=pilled heuphomial hs ejck oes eee eae Cees Oe ce eras ce Daleisies ware cats I 

Bit-throatedmsaltator Dwie sore celiac mie re eiretes 4 de aaeras cles sisle ce tare aloes I 

Green-hacked snancow Guwascd< coupe teealemany Avelmideiwase eee maleles © I 

Mellow-nelliediseedeaten «sis cctcrscearcles cia arate senererorecahe eo avaonena) ol eraveieia lal svoiavevreus I 
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TABLE 26.—Data from observations near Gamboa between July 12 and 

August 15, 1960 

Associations between some species in mixed flocks composed of only two 

species. 

Red-legged blue 
honeycreeper 

Yellow-crowned Plain-colored 
euphonia tanager Blue tanager 

tanager 
Thick-billed 

euphonia 
Buff-throated 

saltator 

\ Palm tanager 

White-lined 

Plain-colored tanager ........... 

Palimmtanacrere. teciseieie nscyek sis 

Ble“ tanaceticttrsk ties sce os 

Red-legged blue honeycreeper... 

GR ACHIS wiseatato eine vse bam a ches 

Crimson-backed tanager ........ 

White-lined tanager ............ 

Yellow-crowned euphonia ...... 

Thick-billed euphonia .......... 

Streaked saltat0r’ sc... esas. 

Buff-throated saltator .......... 

Su 
eH HH O 

“ © © © Blue dacnis 

pope t=} (=) fePeloy to} 

Oe OO (soe 

@..6' -6 o7'10 = 6. oO 

oo OH oO & & & O Streaked saltator 

©) ©: .0' 29: (tO). OF eG 

TABLE 27.—Data from observations near Gamboa between July 12 and 

August 15, 1960 

Associations between some species in mixed flocks composed of three or more 

species. 
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flocks at Gamboa during the period of observations. The data in 
these tables are arranged in exactly the same way as the corresponding 

data in tables 1 and 2. 

Tables 22, 23, and 24 are counts of interspecific following, joining, 

and supplanting reactions. The following and joining reactions are 

not added together. Otherwise the data in these tables are arranged 
in exactly the same way as the corresponding information about Barro 

Colorado birds. 

Table 25 is a count of nonfollowing reactions, as in table 7. 

Tables 26 and 27 show the frequency of associations between the 

most commonly observed species of the blue and green tanager and 

honeycreeper alliance at Gamboa. The data in these tables are the same 

type as in tables 8 to 10, but they are arranged in a different way. All 

the associations between species in flocks of two species are summa- 
rized in one table, while all the associations between species in flocks 

of three or more species are summarized in the other table. 

Tables 28 to 34 are based upon observations in the area near Frijoles 

between November 30, 1959, and January 19, 1960. Most of the birds 

of the blue and green tanager and honeycreeper alliance were not 
breeding throughout this period; but some of them may have begun 

to show a little breeding behavior toward the end of the period. These 

tables include the same kind of data obtained and arranged in the 

same way as the data on the birds at Gamboa. 

Tables 35 to 39 include similar data obtained during observations 
near Frijoles between July 7 and August 16, 1960, just after the 

breeding season. Interspecific following, joining, and supplanting 
reactions were so rare during this period that they are all summarized 

in the same table. Good examples of leaving mixed groups in a con- 

spicuous manner without being followed were so very rare that they 

are not shown at all. 

Tables 40 to 43 are summaries of observations made in several 

areas. Tables 4o and 41 are summaries of all the unambiguous inter- 

specific following and joining attempts by finches, tanagers, and 

honeycreepers at both Gamboa and Frijoles during all periods of 

observation. Table 42 is a summary of all the interspecific contact 
fights (in which actual blows were delivered) between finches, tana- 

gers, and honeycreepers observed at Gamboa and at Frijoles between 
July 7 and August 16. No interspecific contact fights were seen at 

Frijoles between November and January. Table 43 is a summary of 

all the intraspecific contact fights (among members of the blue and 



32 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

TasLe 28.—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

The number of times individuals of some species of the blue and green tanager 

and honeycreeper alliance were seen in mixed flocks and apart from mixed 

flocks. 
No. of times 
individuals 

seen in No. of times No. of times 
obviously individuals individuals 
integrated seen in seen not in 

Species mixed flocks mixed flocks mixed flocks Totals 

Plain-colored tanagers ..... 2 14 50 64 

(3) (22) 
Palin tanagers .655 05 ses 060 0) 15 38 53 

(28) 
Blue tanagers) sve sishen.cee 3 34 56 90 

(3) (38) 
Red-legged blue honey- 

CKEEPEES) Tomieerys wreseniis cee 6 23 45 68 

(9) (34) 
Bluetdacnises’ toh. cs 2. Bes} 9 16 25 

(12) (36) 
Crimson-backed tanagers ... 3 23 88 III 

(3) (21) 
White-lined tanagers ...... 0 12 19 31 

(39) 
Streakediisaltatonsi..se0:-- (0) yi 22 29 

(24) 
Buff-throated saltators ..... I 6 6 12 

(8) (50) 

TABLE 29.—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

The number of times certain species of the blue and green tanager and honey- 

creeper alliance were seen in mixed flocks and apart from mixed flocks, and the 

average number of individuals of each of these species per mixed flock and per 

unmixed flock. 

No. of No. of 
times times Percentage Average Average 
species species Total No. of times No. individ- No. individ- 
seen in seen not times species uals per uals per 

: mixed in mixed species seen mixed nonmixed 
Species flocks flocks seen mixed flock flock 

Plain-colored 

tanagers «@....1.. 12 21 a3 36 1e1t7/ 2.38 

Palm tanagers .... 10 32 42 24 1.50 1.19 

Blue tanagers .... 24 37 61 39 1.41 1.51 

Red-legged blue 

honeycreepers .. II 26 37 30 1.64 1.54 

Blue dacnises ..... 5 9 14 36 1.80 1.67 

Crimson-backed 

fanagers (eee, 20 54 74 27 1.15 1.63 

White-lined 

tanasensme een II 13 24 40 1.09 1.46 

Streaked 

Saltatonsyiaae eis 5 16 21 24 1.40 1.37 

Buff-throated 

Sa@ltatoes: (uiaeeus (0 6 12 50 1.00 1.00 
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TABLE 30.—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

Unambiguous interspecific following reactions by tanagers, and joining reac- 

tions by tanagers and honeycreepers. (No honeycreepers, warblers, or finches 

were seen to perform unambiguous interspecific following reactions, and no 

warblers or finches were seen to perform unambiguous interspecific joining 

reactions in this area during this period of observations. ) 

No. of 
cases seen Species following Species being followed 

Tee Palm tanager Plain-colored tanager 

Toke one Blue tanager Plain-colored tanager 

Tesratositearave Crimson-backed tanager Dusky-tailed ant-tanager 

Species joining Species being joined 

jigeetone Palm tanager Blue tanager 

Biv stany stats Blue tanager Red-legged blue honeycreeper 

Teirtnccee do. Plain-colored tanager 

Teme te at Red-legged blue honeycreeper Plain-colored tanager 

ils ete Crimson-backed tanager Blue tanager 

Tes eects do. Blue dacnis 

grasa aos White-lined tanager Blue tanager 

Deacons do. Blue dacnis 

TABLE 31.-—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

Interspecific supplanting attacks by tanagers and finches. (No honeycreepers 

or warblers were seen to perform interspecific supplanting attacks in this area 

during this period of observations. ) 

No. of 
cases seen Species supplanting Species being supplanted 

ebaeees Plain-colored tanager Blue dacnis 

Bios. e Sisk Palm tanager Plain-colored tanager 

Tes ea cto Blue tanager Plain-colored tanager 

Queso se do. Red-legged blue honeycreeper 

Tels ceis do. Crimson-backed tanager 

Dictate ates do. Summer tanager 

I.....;..9treaked saltator White-lined tanager 

TABLE 32.—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

The number of times species of the blue and green tanager and honeycreeper 

alliance were seen to leave mixed flocks in a very conspicuous manner without 

being followed by individuals of other species. 

No. of times 
Species seen 

PAAIN-COGREGs CANAGED Vic sss e.d apie ie eevee TePA ate ee oy Ate crane taste atuieas aude mead 3 

AEPULET NEARER oat ys thet cre aka es AiSich ae eC TMG Me Gu gusts pbveltopes overated ib lores I 

DUIIG tates Tey Sete cheno at oy oraeey ei nk de) olay She eNO ay MaNOE VIA arcalthn/biatchavolen cs sro aate 7 

Red-leg ged Ile honey Creeper «ei \ vis/eisvia.c aia s/asieiais «cies si eindioie nitude s/eneiekes I 

SE SENS OEI= DAC CHM RAMA EL ares c ce (c.olay airs Sree acre uate ete a She Sie a wre idee Cian neltas 2 

Ne MMEM TAMAR EE. fen sted fttsic wis: 9: 2. <4) g siale-cloieslelaiclels sistas aiee gaew ae cieees 4 

Black-capped saltator .......... ease ansteratcnate ata ieratss Balltins Wealeie wha mrsioreat a 

SIE TIL AG Her AS SCUIECT gycisv cit: aie. nies ole eo Sieiet sieves. Wore, aoeielea'stoghbe lea wacansieicene 
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TABLE 33.—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

Associations between some species in mixed flocks composed of only two 

species. 

3 = 8 = Oo >| 
ie] 5 u 2 Hy & ao] 
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A; | Fs S| v 0 g oe E g | q oO | 

a2 2 33 "2 2a 68 3 ee 
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Plain-colored tanager .......... 2 fn) I 0 0 (6) (6) fo) 

Palat tanage’: iene is picleee se cas I SO 6) 0. SO. Scaring 

Biteitanarers iscit rei sieves stor 2 (a) 2 2 I oO 

Red-legged blue honeycreeper.... I 0 oO 0 0) 

Bie Aaciis:, tavateanial- avandia x arate 2 I ) oO 

Crimson-backed tanager ........ 2 ) I 

White-lined tanager ........... I 0 

Streaked saltator ..... PR DB ) 

Buff-throated saltator .......... 

TABLE 34.—Data from observations near Frijoles between November 30, 1959, 

and January 19, 1960 

Associations between some species in mixed flocks composed of three or more 

species. 
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green tanager and honeycreeper alliance) seen at Barro Colorado, 
Gamboa, and Frijoles during all periods of observations. 

(It was even more difficult to estimate the numbers of individuals of 
different species in the Gamboa and Frijoles areas than on Barro 
Colorado. ) 

TABLE 35.—Data from observations near Frijoles between July 7 and 
August 16, 1960 

The number of times individuals of some species of the blue and green tanager 

and honeycreeper alliance were seen in mixed flocks and apart from mixed 

flocks. 

No. of times 
individuals 

seen in No. of times No. of times 
obviously individuals individuals 
integrated seen in seen not in 

Species mixed flocks mixed flocks mixed flocks Totals 

Plain-colored tanagers ..... oO 28 13 41 

(68) 
Piatt SASAGELE ss. ces-00 4 oO 30 79 109 

(28) 
IGE VANARESS ooo osecs ceeds 0 117 120 237 

(49) 
Red-legged blue honey- 

CECEDEEG He era's o5.4 ovr les oO 26 12 38 

(68) 
PC AACHIBOE. Olesen ts d0sad (s) 20 8 28 

(71) 
Crimson-backed tanagers .. 0 84 89 173 

(48) 
White-lined tanagers ...... i) 16 7 23 

(70) 
Thick-billed euphonias ..... ) 15 i) 15 

(100) 
Streaked saltators ......... r) 32 53 85 

(38) 
Buff-throated saltators ..... ) 24 17 41 

(59) 

There may have been something like 16 plain-colored tanagers, 28 
palm tanagers, 50 blue tanagers, 17 red-legged blue honeycreepers, 

5 blue dacnises, 24 crimson-backed tanagers, 2 white-lined tanagers, 

16 yellow-crowned euphonias, 8 thick-billed euphonias, 18 streaked 
saltators, and 13 buff-throated saltators in the Gamboa area during 
the periods of observation, and approximately 12 plain-colored tana- 
gers, 14 palm tanagers, 30 blue tanagers, 12 red-legged blue honey- 
creepers, 7 blue dacnises, 23 crimson-backed tanagers, 8 white-lined 
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TABLE 36.—Data from observations near Frijoles between July 7 and 

August 16, 1960 

The number of times certain species of the blue and green tanager and honey- 

creeper alliance were seen in mixed flocks and apart from mixed flocks, and the 

average number of individuals of each of these species per mixed flock and per 

nonmixed flocks. 

No. of No. of 
times times Percentage Average Average 
species species Total No. of times No. individ- No. individ- 
seen in seen not times species uals per uals per 
mixed in mixed species seen mixed nonmixed 

Species flocks flocks seen mixed flock flock 

Plain-colored 

tanagers ....... i8 y] 25 72 1.56 1.86 

Palm tanagers .... 25 47 72 35 1.20 1.68 

Blue tanagers .... 67 76 143 47 1.75 1.58 

Red-legged blue 

honeycreepers .. 21 7 28 75 1.24 1.71 

Blue dacnises .... II 4 15 73 1.82 2.00 

Crimson-backed 
tanagers svcc.es 56 55 Ill 50 1.50 1.62 

White-lined 

tanagers: ....k. J aus 6 21 71 1.07 1.17 

Thick-billed 

euphonias ..... 0 0 9 100 1.67 — 

Streaked 

Saltatorsy Saou ss 28 46 74 38 1.14 mrs 

Buff-throated 

saltatons!) coc. ccs 21 13 34 62 1.14 rot 

TABLE 37.—Data from observations near Frijoles between July 7 and 

August 16, 1960 

A complete list of all the unambiguous interspecific following, joining, and 

supplanting reactions by tanagers and finches observed. (No honeycreepers or 

warblers were seen to perform unambiguous interspecific reactions in this area 

during this period of observations.) 

case of a blue tanager following a plain-colored tanager 

case of a crimson-backed tanager following a blue tanager 

case of a plain-colored tanager joining a white-lined tanager 

case of a blue tanager joining a palm tanager 

case of a blue tanager joining a crimson-backed tanager 

case of a streaked saltator joining a palm tanager 

case of a streaked saltator joining a seedeater * 

case of a plain-colored tanager supplanting a blue dacnis 

case of a plain-colored tanager supplanting a lesser elaenia 

case of a streaked saltator supplanting a blue tanager ett 

* This bird was almost certainly a female or juvenile male variable seedeater. 
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TABLE 38.—Data from observations near Frijoles between July 7 and 

August 16, 1960 

Associations between some species in mixed flocks composed of only two 

species. 
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Se ACHIN EE, bes cians DAN ae oe ale OtiGau ios! vow “6 

Crimson-backed tanager ........ I rh -2 

White-lined tanager ............ er ‘ar 0 

Thick-billed euphonia .......... o 8600 

Sitediced SAUALOY. 5240635 otn5 5 oO 

TABLE 39.—Data from observations near Frijoles between July 7 and 

August 16, 1960 

Associations between some species in mixed flocks composed of three or more 

species. 
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TABLE 40.—Summary of all the unambiguous interspecific following and joining 
reactions by tanagers, honeycreepers, and finches observed near Gamboa 

and Frijoles 

This is a summary of the data shown in tables 22, 23, 30, and 37. 

No. of Species following Species being followed 
cases seen and/or joining and/or joined 

Tide owina ws Plain-colored tanager White-lined tanager 

AR ater Palm tanager Blue tanager 

Bot sia erates do. Plain-colored tanager 

Fr Sivie: «octets Blue tanager Plain-colored tanager 

Bivecetient do. Palm tanager 

Be Spats do. Red-legged blue honeycreeper 

Pat aA ee do. Crimson-backed tanager 

| eee ie Red-legged blue honeycreeper Plain-colored tanager 

Lsitioeeks Blue dacnis Palm tanager 

ae hs ae Crimson-backed tanager Blue tanager 

Eee ss ace do. Blue dacnis 

Ditee ose. do. Dusky-tailed ant-tanager 

Teen ctor White-lined tanager Palm tanager 

Bdictseiosicls do. Blue dacnis 

aaa ae Streaked saltator Palm tanager 

ee ee eR do. Seedeater 

Tsetse Buff-throated saltator Plain-colored tanager 

VEE era do. Blue tanager 

Ties Seis, as Variable seedeater Plain-colored tanager 

TABLE 41.—Swmmary of all the unambiguous interspecific following and joining 

reactions by tanagers, honeycreepers, and finches observed near Gamboa 

and Frijoles 

The same data as given in table 40, arranged in a different way. (Interspe- 

cific following and joining reactions by birds other than tanagers, honeycreepers, 

and finches are not included among the cases of being followed and/or joined.) 

No. of times seen 
No. of times seen being followed 

Species following and/or joining and/or joined 

Plain-coloredatanager a. crelissi cise I 13 

Pa lires tam ar ere plrercietelsicis: cis! svclsiareeisisinie’s 7 8 

Ble tania er mceseanisfais soe 0 6s valet: svereralere 16 8 

Red-legged blue honeycreeper......... I 2 

Ie GH GCHIS fra uaucieto, she sieiarsicisiiaie sievsyeteiess sys I 2 

Crimson-backed tanager ............. 5 2 

Wrhite-linedittanacert ccjci.e cic acie eis om crore 2 I 

Strenked). saltatany bacco ic svelte nyse ayatere. oid 2 o 

Bufi-throatedusaltatonuncricsm erie clrere 2 fe) 
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tanagers, 8 thick-billed euphonias, 16 streaked saltators, and 11 buff- 

throated saltators in the Frijoles area during observations between 
July 7 and August 16. 

Most of these species were probably almost equally abundant during 
both series of observations at Frijoles. The only obvious exceptions 

were blue tanagers and thick-billed euphonias. They were appreci- 

TABLE 42.—Interspecific contact fights among tanagers, honeycreepers, and 

finches observed near Gamboa and Frijoles 

(No warblers were seen to be involved in interspecific contact fights in either 

area.) 

mia a More aggressive species Less aggressive species 

Jase a ee oiareei Plain-colored tanager Variable seedeater 

Lee Meats Sintats athe etc Palm tanager Social flycatcher 

Bhrstmae se a aiais Blue tanager Palm tanager 

Ti dxsijerstdieeeus stterae do. White-lined tanager 

TiN Bina Nat! die White-lined tanager Crimson-backed tanager 

EO A SN a en ae Blue-black grassquit Crimson-backed tanager 

Mee ues Leek Clay-colored thrush Crimson-backed tanager 

TOMAS See ae ae Rusty-margined flycatcher | Yellow-crowned euphonia 

TABLE 43.—Intraspecific contact fights observed on Barro Colorado Island and 

near Gamboa and Frijoles 

Only fights within species of the blue and green tanager and honeycreeper 

alliance are shown. 

Species No. 

Bildm-colored tanager 3.5 bathe ence ee ee a cere a Note echoed ee eleleotens 9 

Palampbariacer vier deliv. fleets Ru Sie de eed tee aaah cl ere OS oe we ta emanate tone the 6 

Beh bari ge Gr chs ayateys) sisi atoterciaiecoseto ohetaretoteker mesherehe aio vnyore: sherel'siovayoseics reraestioners itetene ae 10 

Greenshoneycreepen Lvs.) kes aie edna. Mpa ass an al che eta ehster ole sleepin late S bierorats I 

Red-leeredeblue honey creeperty. tale ctamtesters ce laet ators ater ole ns a title tieve ale oft I 

LSJ Tete iE (60) Ce ee ee Pe EATS OIG iy Dc aod cob tac 0 Lic Re ICME: Aa ERLICH I 

Grimson=backedsy tama ger) <'::spacloahei aspera ro ciatoet ateialacel a sitekchaletacitialelavele-s I 

Bama ric tsa tae eek ss cys dysioh Sys bie: tae seevl ale fate efeed beret teu soak e tt state LATE eh eilain: Mote ap els 15 

Birth-thicoated  Saltator oss. tulad ayots Aes aaeal aaa Meh vp taraiatata'e SUeTaCate betas sin/ahe Saban old 2) 

ably less abundant during the earlier periods of observation, between 

November 30 and January 19, than during the later periods. 

These estimates may be too high; but there were certainly many 
more birds in the areas at Gamboa and Frijoles where observations 

were made than in the clearing on Barro Colorado Island. This was 
partly a reflection of the fact that the Gamboa and Frijoles areas 
were much larger than the clearing on Barro Colorado. 
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THE ROLES OF DIFFERENT SPECIES WITHIN MIXED FLOCKS 

PLAIN-COLORED TANAGER 

Plain-colored tanagers occur in mixed blue and green tanager and 

honeycreeper flocks very frequently and usually play a very signifi- 
cant role in such flocks. The presence of these birds in any given 
area tends to stimulate the formation of mixed flocks in the area; 

and their presence in any mixed flock tends to increase the cohesion 
of the flock. These effects are usually produced by the reactions of 
individuals of other species to plain-colored tanagers, not the reac- 
tions of plain-colored tanagers to individuals of other species. Some 

of the reactions of individuals of other species of plain-colored 
tanagers seem to be indirect results of the extreme intraspecific gre- 
gariousness of plain-colored tanagers. 

Intraspecific gregariousness may be contrasted to interspecific gre- 
gariousness. Throughout this paper, the former term will be used 

to include all the tendencies of individuals of any given species to 
associate with one another. The latter term will be used to include 
all the tendencies of individuals of one species to associate with indi- 

viduals of other species. 

Flocks of 10 to 16 plain-colored tanagers are common in suitable 
environments, especially along the edges of fairly mature forest, dur- 

ing the nonbreeding season. Such flocks tend to break up during the 
breeding season, when individual males and pairs adopt territories ; but 

it is still not uncommon to see groups of 4 to 6 moving about together 

and/or feeding together for more or less brief periods of time even 

during the height of the breeding season.® The frequency with which 

5 The territories of many tropical lowland tanagers (and many other tropical 

species of other groups) are more difficult to recognize and study than the 

territories of most related Temperate Zone species. 

The conventional definition of territory is “any defended area”; but terri- 

torial defense is comparatively rare among tropical tanagers. Individual birds 

and/or pairs of the same species in the same general area may keep apart from 

one another for long periods of time, each individual or pair remaining in its 

own particular part of the area, without showing any overt hostility to one 

another. It is probable, however, that such behavior is often or usually the result 

of previous territorial disputes which do occur occasionally between members of 

the same species. A few disputes may be sufficient to fix territorial boundaries 

for many months, or even years. Neighboring birds may learn the boundaries 

of their territories after a few disputes, and may retain this learning for long 

periods of time without further reinforcement. The territories of many tropi- 

cal birds may become “traditional” more easily than those of many migratory 
Temperate Zone birds simply because the tropical birds are almost completely 
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plain-colored tanagers associate with one another does not seem to be 

affected by the presence or absence of individuals of other species. 

None of the other species of tanagers that frequently occur in mixed 
flocks with plain-colored tanagers are as gregarious apart from mixed 

flocks as plain-colored tanagers. 

Some of the social behavior patterns of plain-colored tanagers seem 
to be very specialized. Among these specializations are increased fre- 
quency and exaggeration of wing-flicking and tail-flicking movements 

(stereotyped “intention movements” of flight), extreme restlessness 

(plain-colored tanagers are more nearly constantly active than most 

other tanagers), increased frequency of call notes, loss of song (which 
seems to have been replaced by a variation of the call-note patterns), 

and various modifications and/or reductions of hostile behavior. 

As a result of their frequent call notes and vigorous movements, 

plain-colored tanagers are usually very conspicuous—probably more 
so, on the average, than individuals of many other species of the blue 

and green tanager and honeycreeper alliance. 

All or most of the specialized social behavior patterns of plain- 
colored tanagers seem to be adaptations to promote gregariousness 

(see the discussion in Moynihan, 1960) and were probably evolved 

originally to promote intraspecific gregariousness. Many other species 

of birds that are gregarious among themselves, but not usually asso- 

ciated with mixed species flocks, have evolved similar characters, which 

may promote associations between individuals of the same species in 
several different ways. If nothing else, a bird that is very conspicuous 

is more often noticed and more easily recognized by other individuals 
of the same species than it would be if it were less conspicuous. 

Some of these specialized social behavior patterns of plain-colored 

tanagers also seem to affect the behavior of individuals of many other 

sedentary. There is evidence that the same pairs of some species of tropical 

tanagers retain, or revert to, the same territories year after year. 

In the case of the more highly gregarious species, the situation is further 

complicated by the fact that territorial birds frequently abandon their territories 

at more or less regular intervals in order to join and/or follow flocks of the 

same or other species. Thus, the territories of many tropical tanagers may be 
both very stable over long periods of time, and very unstable, i.e., held only 

intermittently, over short periods of time. 

The groups of plain-colored tanagers that are formed during the breeding 

season may be composed of birds that have abandoned their territories com- 

pletely for the time being, and/or birds that have met in a neutral area between 

their territories, which they are still prepared to defend. In some cases, at 

least, these groups are not composed of an adult pair plus their still juvenile 

young of the previous breeding season. 
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species, to which the tanagers are undoubtedly very attractive. They 

are joined and followed ® by individuals of other species very fre- 

quently, relatively much more frequently than are any other birds of 

the blue and green tanager and honeycreeper alliance. During the 

course of the present investigation the attractiveness of plain-colored 

tanagers was most obvious in the study area on Barro Colorado 

Island; but it was also quite evident at Frijoles and Gamboa, where 

these birds were relatively much less abundant (see table 41). 

The attractiveness of the plain-colored tanager is often clearly inde- 

pendent of its food-finding or food-providing ability. Of all the 

species of the blue and green tanager and honeycreeper alliance, it 

is the species most often joined by birds of other species in places 
where there is little or no food available, and most often joined and 

followed by other birds that are obviously not in the mood to feed 

at the time. (I saw nothing to suggest that plain-colored tanagers are 

more efficient than individuals of many other species in finding the 
fruits and insects on which many members of the blue and green tana- 

ger and honeycreeper flocks feed.) 

These facts would indicate that birds of other species are usually 

or always attracted to plain-colored tanagers by some aspect of the 

latter, probably behavior, as the plumage of plain-colored tanagers is 
particularly dull and probably does not provide many strong stimuli. 
The plumage may facilitate associations with other species; but it is 
probably not directly attractive in itself (see discussion below). The 

behavior patterns of plain-colored tanagers that attract individuals of 
other species are almost certainly the patterns that also promote intra- 

specific gregariousness, as plain-colored tanagers do not perform any 

other patterns much more frequently or conspicuously than individuals 

of many other species. 

It has already been mentioned that many or most passerine birds 

show some tendency to approach birds of almost any other species. 

This tendency may be called “generalized” gregariousness (one type 

of interspecific gregariousness, as defined above), and observation of 

many species would suggest that it is usually more strongly stimulated 
by the sight and sound of conspicuously active and noisy birds than 

€ Unless specifically stated otherwise, the terms “joined” and “followed” (or 

“join” and “follow”) are used in a rather restricted sense in this and sub- 

sequent discussions. They are applied only to reactions in which the active 

bird, the joiner or follower, does not appear to be hostile (or, at least, no more 

strongly hostile than during all social reactions). 



NO. 7 FLOCKS OF NEOTROPICAL BIRDS—MOYNIHAN 43 

by the sight and sound of quiet and placid birds. Thus, any species 
that has become conspicuously active and noisy in order to promote 
intraspecific gregariousness will almost inevitably tend to attract birds 

of other species particularly strongly. This seems to be what has 

happened in the case of the plain-colored tanager. 

There are also some indications that generalized gregariousness is 

usually more strongly stimulated by the sight and sound of a group 

of birds than by the sight and sound of a single bird of the same 

species. Thus, birds of a species that has developed a high degree of 

intraspecific gregariousness may tend to attract individuals of other 

species comparatively frequently even when they are not particularly 

conspicuous. 

A few species of the blue and green tanager and honeycreeper alli- 
ance seem to be attracted to plain-colored tanagers more strongly than 

would be expected on the basis of generalized gregariousness alone. 

Such species seem to have developed “special interspecific preferences” 

for plain-colored tanagers (see below). This may help to explain why 

plain-colored tanagers are joined and followed so very much more 

frequently than are individuals of any other species of the blue and 

green tanager and honeycreeper alliance, and by individuals of some 

species so much more frequently than by individuals of other species ; 

but it is obvious that plain-colored tanagers are also very attractive to 

many other passerine birds that have not developed any friendly inter- 

specific social reactions stronger than generalized gregariousness. 

The relationships between plain-colored tanagers and other species 
in mixed blue and green tanager and honeycreeper flocks are usually 

essentially one way. Plain-colored tanagers join and follow individuals 
of other species very much less frequently than they are joined and 

followed by individuals of other species. 

There is some evidence, in fact, that plain-colored tanagers may 

actually dislike being joined or followed by individuals of other 

species. They sometimes attack or perform intention movements of 

attacking some other birds with which they are associated in mixed 

flocks, especially such relatively small birds as variable seedeaters and 
blue dacnises. They do not, however, show much overt aggressiveness 
toward the species that join and follow them most frequently and 
persistently. This lack of aggressiveness is probably due to several 

causes. It has already been mentioned that the hostile behavior of 
plain-colored tanagers seems to have become modified and/or reduced 

in several ways, presumably as an adaptation to promote intraspecific 
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gregariousness.’ More important, perhaps, is the fact that the three 
species that join and follow plain-colored tanagers most frequently 

and persistently, i.e., the palm tanager, blue tanager, and green honey- 
creeper, are much larger and/or much more aggressive and able 

fighters than plain-colored tanagers. They may intimidate plain- 

colored tanagers sufficiently strongly to suppress any overt expressions 

of aggressiveness by the latter, even when the latter are irritated 

by their presence. 

It might be supposed, therefore, that the other species in mixed blue 
and green tanager and honeycreeper flocks were essentially parasitic 
on the plain-colored tanagers. Whatever the advantages of forming 
mixed flocks may be (see below), all or most of these advantages 
might be obtained by the other species and not the plain-colored 

tanagers. 

This may be true in some cases, but not in all. Two types of evi- 
dence would suggest that plain-colored tanagers must also derive 
some advantage, at least sometimes, from their associations with 

individuals of other species. 

The most convincing evidence in this connection is the plumage of 

the plain-colored tanager. It is very much duller than that of any other 

species of the genus Tangara. This dullness may be considered a type 
of neutral coloration, and seems to be an adaptation to facilitate asso- 

ciations between plain-colored tanagers and individuals of other spe- 

cies. The neutral coloration of the plain-colored tanager has already 
been discussed in an earlier paper (Moynihan, op. cit.). Part of this 

discussion may be quoted here : 

The dull coloration of the Plain-colored Tanager would seem to be a specific 

adaptation to help the species play its role in . . . mixed flocks. It seems to be 

effective just because of its dullness, its neutral quality. If the Plain-colored 

Tanager were more conspicuously colored, it might be less attractive to, or exert 

less influence upon, its associates of other species .. . The drab appearance of 

the Plain-colored Tanager probably makes it look less different to its brightly 

colored associates than it would if it had a distinctive bright pattern of its own. 

Of course, the Plain-colored Tanager might be even more effective in attracting 

other species if it could develop the same conspicuous colors and patterns as 

theirs; but most of the species with which it associates are so different from 

one another that it would be very difficult or impossible to mimic them all. The 

Plain-colored Tanager seems to have evolved a “compromise” type of coloration 

7 Observation of captive plain-colored tanagers and golden-masked tanagers 

under identical conditions would suggest that both the attack and escape drives 

of the very gregarious plain-colored tanagers are weaker, or less easily aroused, 

than the corresponding drives of the closely related but less gregarious golden- 

masked tanagers. 
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instead, one that is moderately different from those of almost all its associates, 
without being too conspicuously different from any. The fact that the com- 

promise, neutral, coloration is drab may also have another advantage. It may 

make the other signal patterns of the species, the restlessness, calling, flash 

patterns of wings and tail, and flicking movements, relatively more effective 

than they would be otherwise. The drabness may allow the other characters to 

attract and hold a greater share of the attention of observers. 

In other words, the attractiveness of plain-colored tanagers is 

partly a direct result of their behavior; but their behavior can only 
produce its full effect because their plumage is neutral, and their 
neutral plumage has probably been evolved as a special adaptation to 
permit their behavior to produce its full effect. 

It may also be significant that plain-colored tanagers do sometimes 
join and follow individuals of other species. Such reactions are rela- 
tively very rare, but actually not too uncommon. Solitary individuals 

and pairs of plain-colored tanagers may also approach individuals of 
other species without performing clear-cut joining or following reac- 
tions of the type recorded in the accompanying tables. This may be 
the reason why the average number of plain-colored tanagers per 
mixed flock is less than the average number per nonmixed flock (see 

tables 2, 21, 29, and 36). It is perhaps unlikely that plain-colored 

tanagers would approach, join, or follow individuals of other species 
as frequently as they do if associations with other species were always 
disadvantageous, especially as any approach to individuals of other 
species will tend to induce these other individuals to join or follow 

the plain-colored tanagers in return. 

PALM TANAGER 

The usual social role of palm tanagers in mixed blue and green 

tanager and honeycreeper flocks is at least as important as that of 

plain-colored tanagers. In most circumstances, individual palm tana- 

gers seem to become associated with mixed flocks approximately as 

frequently as do individual plain-colored tanagers, when allowances 

are made for the fact that the two species are seldom equally abundant 

in any given area. Like the plain-colored tanagers, palm tanagers also 

tend to stimulate the formation and increase the cohesion of mixed 

flocks ; but the two species produce their effects in very different ways. 

Palm tanagers are very active joiners and followers. In most circum- 

stances they join and follow other species relatively much more fre- 

quently than do any other tanagers of the blue and green tanager and 

honeycreeper alliance. 
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Palm tanagers also tend to perform more supplanting attacks upon 
individuals of other species than do any other tanagers of the blue 
and green tanager and honeycreeper alliance. These supplanting 
attacks do not, however, disturb the mixed flocks very greatly, as the 
supplanted individuals seldom fly very far away. 

The relationships between palm tanagers and the other species of 

the blue and green tanager and honeycreeper alliance can be divided 
into two main types. 

The reactions of palm tanagers to individuals of most other species 
seem to be nothing more than expressions of generalized gregarious- 
ness (or equally nonspecific hostility, in some cases). They do not 
seem to react to most other species unusually frequently or strongly. 

The reactions of palm tanagers to plain-colored tanagers and blue 
tanagers seem to be much more specialized. Palm tanagers join, 
follow, and supplant plain-colored tanagers and blue tanagers * much 

more frequently than they join, follow, and supplant individuals of 
any other species in apparently similar social circumstances, i.e., when 
they are equally close to plain-colored tanagers, blue tanagers, and 
individuals of other species, and when these species seem to be approx- 
imately equally noisy and conspicuous. Palm tanagers also join, fol- 
low, and supplant plain-colored tanagers and blue tanagers much 
more frequently than do individuals of other species in similar social 
circumstances. These reactions would seem to be too frequent to be 
expressions of generalized gregariousness alone: they seem to be 
expressions of stronger social bonds, which might be called “special 
interspecific preferences.” 

As a rough generalization, it can be said that palm tanagers usually 

show a strong special interspecific preference for plain-colored tana- 
gers, and a weaker special interspecific preference for blue tanagers ; 
but both these preferences are rather variable, and tend to be much 

more obvious during some types of social reactions than during others. 

In most circumstances, palm tanagers seem to join and follow plain- 

colored tanagers almost as frequently as they join and follow all or 
most other members of their own species (perhaps more frequently 
in many cases). They may also supplant plain-colored tanagers more 
frequently than they do other palm tanagers. 

The relatively great frequency of supplanting attacks by palm tana- 
gers upon plain-colored tanagers is not an indication that the former 

8It should be stressed, again, that this discussion is an analysis of the beha- 

vior of species in central Panama. The reactions of palm tanagers to blue 

tanagers may be different in parts of South America (see below). 
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are usually more aggressive toward the latter than toward most other 
members of their own species—quite the opposite in fact. It is simply 
because they tend to encounter plain-colored tanagers more frequently, 
in many environments, than any other members of their own species, 
except their own mates and other members of their own family groups. 
The comparative rarity of encounters between palm tanagers is prob- 

ably an indication that they are usually more aggressive toward one 

another than toward individuals of any other species. 

(The aggressiveness of palm tanagers toward one another is obvi- 

ously variable, and often quite different, on the average, in different 
situations; but they do appear to be more aggressive toward one 
another in most circumstances than are plain-colored tanagers in the 
same or similar circumstances. 

I have seen fairly large groups of 8 to 10 palm tanagers, with and 
without associated individuals of other species, in both the breeding 
and the nonbreeding seasons; but such groups are relatively rare. 
Most pairs and family groups of palm tanagers usually maintain 
territories during both the breeding and nonbreeding seasons—or, at 
least, keep well apart from one another. Such territorial birds fre- 

quently join and follow individuals of other species; but they usually 
stop following individuals of other species when the latter move into 
the territories of other palm tanagers. ) 

The characteristic variety of reactions by palm tanagers to plain- 
colored tanagers may be explained as differential responses to different 

stimuli presented by plain-colored tanagers. 

All, or almost all, reactions between any two birds are probably at 

least slightly ambivalent. Thus, for instance, whenever a bird of one 
species sees or hears a bird of another species it is quite likely to per- 

form some hostile patterns, at least uttering a hostile note or perform- 
ing an intention movement of some hostile pattern, in addition to, or 
instead of, approaching or showing indications of a desire to approach 
the other bird in a nonhostile (“friendly”) manner. Any bird presum- 

ably presents a complex of partly contradictory stimuli to any other 
bird that sees or hears it. Some of these stimuli are attractive, others 

are irritating (i.e., tend to release attack by the perceiving bird), and 
still others are intimidating (i.e., tend to release escape by the per- 

ceiving bird). 
Palm tanagers seem to react to plain-colored tanagers as if they 

found them slightly less attractive, much less irritating, and very much 

less intimidating than other palm tanagers. This is perhaps what 
would be expected in view of the fact that plain-colored tanagers are 
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much smaller than palm tanagers but rather similar in plumage and 
even more active and noisy. Size is always an important factor in 
determining the nature of the hostile reactions between any two birds 
of any species ; but its direct effect upon positively “friendly” reactions 
is usually considerably weaker. 

As indicated or implied by the figures in the accompanying tables, 
palm tanagers tend to join, follow, and supplant blue tanagers less 
frequently than plain-colored tanagers when the two latter species 

are even approximately equally abundant. In such environments as 
the clearing on Barro Colorado Island, palm tanagers also tend to 

follow blue tanagers less closely than plain-colored tanagers and are 

relatively less frequently associated with blue tanagers in mixed flocks 
of only two species. All these facts would suggest that the social rela- 
tionships between palm tanagers and blue tanagers are usually weaker 
than those between palm tanagers and plain-colored tanagers. 

This is particularly interesting because palm tanagers and blue tana- 
gers are strikingly similar to one another in voice, movements, and 
shape, as well as being very closely related. The fact that palm tana- 

gers usually react less strongly to blue tanagers than to plain-colored 
tanagers is an indication that the palm tanager tends to react more 

strongly to the plumage patterns of the other species it encounters than 

to their behavior, size, or shape, and/or that the behavior patterns of 
the plain-colored tanager which are adapted to promote gregarious- 

ness are really remarkably effective. 

Although less strong and frequent, the reactions of palm tanagers 
to blue tanagers are similar to their reactions to plain-colored tanagers 
in one important respect. Palm tanagers seem to find blue tanagers 
more like other palm tanagers in attractiveness than in irritating or 
intimidating qualities, and they usually supplant, threaten, and escape 
from blue tanagers relatively much less frequently than they join and 
follow them. 

Thus, both the special interspecific preferences of palm tanagers 
may be said to be expressed primarily by “friendly” reactions and only 

secondarily by hostility. This is not true of all the special interspecific 

preferences of some other species (see below). 

Palm tanagers join both plain-colored tanagers and blue tanagers 

rather frequently without starting to feed immediately afterward. 

Being rather noisy and moderately restless, palm tanagers some- 

times attract individuals of many other species; but this effect is 

seldom conspicuous. They induce overt, complete joining and follow- 

ing responses by individuals of other species comparatively rarely. 
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There may be several reasons for this. Palm tanagers are among the 
largest birds of the blue and green tanager and honeycreeper alliance 
and are probably more intimidating than such smaller species as the 
plain-colored tanager and the red-legged blue honeycreeper (see 

below). In many cases, moreover, individuals of other species are 

not able to join or follow palm tanagers before the palm tanagers have 
joined or followed them. 

The dull plumage of palm tanagers may be neutral in more or less 

the same way as the similar plumage of plain-colored tanagers. It may 

be an adaptation to increase the frequency with which palm tanagers 
are approached by individuals of many other species probably permit- 
ting them to be approached more frequently than they would be if they 

were more brightly colored (unless the bright coloration were of a 
very special type—see below). The plumage of palm tanagers is prob- 

ably not an adaptation to facilitate their associations with plain-col- 

ored tanagers alone. Palm tanagers are much more widely distributed 
than plain-colored tanagers (see below). 

The social tendencies of palm tanagers are probably essentially the 

same in all environments ; but they may fail to be expressed by overt 
behavior under certain conditions. 

As their name would imply, palm tanagers show a definite prefer- 
ence for palm trees, nesting in the tree crowns or, less frequently, in 
other tall trees of similar shape, with dense crowns and bare trunks. 

They may also show a preference for manmade structures that have 
some of the same characteristics as palm trees. Near Frijoles, for 
instance, they were greatly attracted to the pylons along the railroad 
track, and some may have nested in the tops of these. Even when 
they nested in adjacent trees, many of the palm tanagers at Frijoles 
spent much of their time resting in the pylons. 

Palm tanagers that have selected palm trees or similar trees or 

similar manmade structures as nesting sites are often reluctant to 
leave the vicinity of such sites during the whole period immediately 
before, during, and immediately after the breeding season. Other 

members of the blue and green tanager and honeycreeper alliance 

are equally reluctant to visit such trees or structures if they are far 

from other trees. 

Thus, palm tanagers that select isolated trees or structures as nest- 
ing sites also tend to be isolated socially. They do not encounter other 
members of the blue and green tanager and honeycreeper alliance very 

frequently and usually do not follow other birds very far even when 
they do meet them. Such palm tanagers cannot play their usual role 
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in mixed flocks. They are reduced to the role of occasional and very 
temporary associates of the mixed flocks as long as they remain very 
closely attached to their nest sites. 

It has already been mentioned that individuals of many species tend 
to associate with mixed flocks less frequently during the breeding 
season than during the nonbreeding season; but the palm tanagers 
observed in central Panama tended to sever their connections with 
mixed flocks more nearly completely than all or most individuals of 
all or most other species. This may have been partly due to the fact 
that their nesting sites were more often isolated. The favorite nesting 
sites of palm tanagers in central Panama are in coconut palms; and 
many or most of the coconut palms in this region are quite isolated 
from other tall trees. 

In any case, the differences between the interspecific social reactions 
of palm tanagers during the breeding and nonbreeding seasons seem 
to be greater, on the average, than the differences between the corre- 
sponding reactions of any other species of the blue and green tanager 

and honeycreeper alliance. 

The behavior of the palm tanagers at Frijoles in July and August 
1960, when they were associated with mixed flocks much less fre- 
quently than individuals of many other species, was a good example 
of social isolation persisting immediately after the breeding season. 
All or almost all the palm tanagers in the Frijoles area seemed to have 

finished breeding before observations were begun in July 1960; but 
many of them were still in family groups and still more or less strongly 
attached to nest sites in isolated coconut palms or pylons. 

BLUE TANAGER 

The role of blue tanagers in mixed blue and green tanager and 
honeycreeper flocks is very similar to that of palm tanagers, but less 
unbalanced and probably less important, in most circumstances, and 

more nearly uniform throughout the year. 
Blue tanagers tend to join, follow, and supplant individuals of many 

other species ; but they do so relatively less frequently and less rapidly 
than palm tanagers in most environments. As they are also attractive 
to individuals of other species in much the same way as palm tanagers, 
they are more often joined and followed by individuals of other 
species than are palm tanagers in most environments. They still, 
however, tend to join and follow individuals of other species more 
often than they are joined and followed by individuals of other species. 

The only species that tends to join and follow blue tanagers very 
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frequently is the palm tanager. In many areas blue tanagers continue 
to associate with mixed flocks more frequently than do palm tanagers 
during the breeding season, as the nesting sites of blue tanagers are 
usually less isolated than those of many palm tanagers. In such areas, 
during the breeding season, blue tanagers tend to join and follow 
individuals of other species much more frequently than they are 

joined and followed by individuals of other species. The role of 
blue tanagers in mixed flocks is much more consistently “active” in 

such circumstances than when palm tanagers are also frequently asso- 
ciated with mixed flocks. 

In an earlier paper (Moynihan, 1960) it was stated that there are 

usually more palm tanagers than blue tanagers in mixed flocks. Subse- 
quent observations would indicate that this is not generally true (see 
accompanying tables). 

Blue tanagers appear to have a definite interspecific preference for 
plain-colored tanagers. This is probably similar to the corresponding 
preference of palm tanagers in quality, but averaging somewhat 
weaker. Blue tanagers also seem to have a special interspecific prefer- 
ence for palm tanagers themselves. This may be almost or quite as 
strong as the reciprocal preference of palm tanagers for blue tanagers, 
and equally similar in quality ; but it is usually weaker than the prefer- 
ence of blue tanagers for plain-colored tanagers. 

GOLDEN-MASKED TANAGER 

Golden-masked tanagers were not observed very often during the 
present study. When they were seen with mixed flocks they showed a 

definite tendency to join and follow plain-colored tanagers. They may 
also have shown a very slight special interspecific preference for blue 
tanagers. (It may be significant that both golden-masked and blue 
tanagers have considerable amounts of bright blue in their plumages. 
The golden-masked tanager, the Panamanian form of the blue tanager, 

and the plain-colored tanager all have bright blue flash patches on 

the wings, which are revealed very conspicuously in flight.) 

GREEN HONEYCREEPER 

The behavior of green honeycreepers in mixed flocks is reminiscent 

of palm tanagers and blue tanagers; but by no means absolutely 

identical. Some aspects of the social role of green honeycreepers in 
mixed flocks are very distinctive. Like the palm and blue tanagers, 

green honeycreepers occur in mixed flocks quite frequently and tend 
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to approach (or try to approach) individuals of other species more 
often than they are approached by individuals of other species. In 
one way the social role of green honeycreepers is even more unbal- 
anced than that of palm tanagers ; they do not seem to be as attractive 
to any other species as palm and blue tanagers are to one another. 
In another way the social role of green honeycreepers in mixed flocks 
is more obviously ambivalent than that of any other common species 
of the blue and green tanager and honeycreeper alliance. Green honey- 

creepers frequently try to approach individuals of other species in an 

apparently nonhostile or “friendly”? manner ; but they also tend to be 

very aggressive toward individuals of other species. They are proba- 
bly more often openly aggressive toward individuals of other species 
than are any other regular members of the mixed blue and green tana- 

ger and honeycreeper flocks. 
This ambivalent behavior of green honeycreepers in mixed flocks 

seems to be a reflection of their behavior to one another (see Moyni- 
han, 1960). There are indications that they are strongly attracted 

to one another by some sort of gregarious or general social impulse ; 
but they seldom or never occur in stable unmixed flocks of their own 
species alone. This is largely owing to the fact that whenever two 
unrelated green honeycreepers (i.e., birds that are not members of the 
same pair or family group) come together, they almost always start 
to dispute vigorously with one another. Sooner or later (usually 
sooner) one bird will attack the other and drive it away. 

It is quite possible that the reactions of green honeycreepers to 
individuals of many other species are produced by the same tendencies 
or internal drives as their reactions to one another ; but the two types 
of reactions seldom take exactly the same form, ie., they seldom 
include exactly the same movements, postures, or calls, in exactly the 

same sequence. Such differences may be due to several factors. It is 

obvious, for instance, that green honeycreepers seldom respond as 

strongly to individuals of other species as to other members of their 
own species, even when the quality of the response is the same in both 

cases. It is also evident that the social reactions of green honey- 
creepers are greatly affected by several aspects of the social environ- 
ments in which they occur. Green honeycreepers may perform differ- 

ent acts, or (at least) the same acts with different frequencies, in 

different social environments, even when their internal motivation is 

the same in the different environments. This is also characteristic of 

the behavior of birds of all species; but it is often particularly con- 

spicuous in the case of green honeycreepers in mixed flocks. 
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It is possible to recognize certain relatively minor subdivisions or 
subgroups, special associations of a few species, within the larger 
group of the blue and green tanager and honeycreeper alliance as a 
whole. These subgroups are not very distinct and never exclusive ; 
but some species, including the green honeycreeper, behave slightly 

differently in different subgroups. 

Different types of subgroups may be recognized by the use of dif- 

ferent criteria. Perhaps the most easily distinguished are two sub- 
groups that may be called predominantly tanager flocks and pre- 

dominantly honeycreeper flocks. The former are largely composed of 
tanagers, especially plain-colored, palm, and blue tanagers, and include 

relatively few honeycreepers ; while the latter are largely composed of 

honeycreepers, sometimes accompanied by many warblers (see below), 
and include relatively few tanagers. 

Green honeycreepers differ from the other common honeycreepers 

of central Panama in being associated with predominantly tanager 

flocks almost as frequently as with predominantly honeycreeper flocks. 

In predominantly tanager flocks, their most conspicuous social reac- 

tions are attempts to join and follow individuals of other species. 

They seem to be much more strongly attracted to plain-colored tana- 

gers than to any other species of tanager. They join and follow plain- 

colored tanagers relatively more frequently than they do individuals 
of any other common species of the blue and green tanager and honey- 

creeper alliance ; and they occur with plain-colored tanagers in mixed 
flocks of only two species relatively much more frequently than with 
individuals of any other species of tanager. Their responsiveness to 
plain-colored tanagers seems to be a special interspecific preference, 

essentially similar to the corresponding preferences of such species 
as the palm tanager and the blue tanager. 

The vocal patterns of the green honeycreepers may be significant in 

this connection. They frequently utter sharp call notes and rattling 

calls that are distinctly different in sound from any of the common 

vocal patterns of the red-legged blue honeycreeper and the blue dacnis, 

but very similar to the most common vocal patterns of the plain- 
colored tanager and the golden-masked tanager. Observation of cap- 

tive birds would suggest that green honeycreepers are strongly 

attracted by the sound of the calls and notes of plain-colored tanagers 

and golden-masked tanagers that are most like their own calls and 

notes. There is also some evidence that the vocal repertory of the 

green honeycreeper is rather specialized, more so than the correspond- 
ing repertories of the red-legged blue honeycreeper and the blue dacnis. 
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It is conceivable, therefore, that the vocal repertory of the green 

honeycreeper has become increasingly similar to those of some Tan- 
gara tanagers, by convergent evolution, because this similarity facili- 
tates associations with these tanagers, and such associations are usually 
advantageous to green honeycreepers. If so, this similarity may be 
considered a form of “social mimicry” (Moynihan, 1960). 

(It is possible that green honeycreepers have a slight special inter- 
specific preference for golden-masked tanagers. If so, this preference 
would be similar to their preference for plain-colored tanagers in 
quality, but probably much weaker. Under natural conditions green 
honeycreepers seem to join and follow golden-masked tanagers rela- 
tively much less frequently than they join and follow plain-colored 

tanagers. ) 

Green honeycreepers perform relatively few aggressive movements, 
but sometimes utter many aggressive calls in predominantly tanager 
flocks. This would suggest that they are sometimes motivated by 
strong aggressive tendencies in such flocks, but that these tendencies 
are often partly inhibited. It is probable that they find many of their 
companions in predominantly tanager flocks quite irritating (although 
presumably less irritating than other members of their own species) 

and also very intimidating. Most tanagers are as large as, or even 

larger than, green honeycreepers, and would be expected to be intimi- 

dating to the latter. 
The reactions of green honeycreepers to other honeycreepers are 

rather more varied than their reactions to tanagers. They tend to 

perform many supplanting attacks upon red-legged blue honeycreep- 

ers. They may also attempt to join and follow the latter in a 

“friendly” manner ; but such attempts are relatively very rare, and are 

probably nothing more than expressions of generalized gregariousness. 

Green honeycreepers do not usually attack red-legged blue honey- 

creepers as frequently as they attack other members of their own 

species ; but I have seen them do so in certain special circumstances, 

when several green honeycreepers and red-legged blue honeycreepers 

were feeding in the same small tree. The green honeycreepers became 

particularly aggressive in such circumstances. Their aggressiveness 

may have been released originally by their proximity to one another ; 

but they seemed to vent this aggressiveness upon one another and 

upon the red-legged blue honeycreepers quite indiscriminately. 

The hostility of green honeycreepers toward red-legged blue honey- 

creepers might be considered a peculiar form of special interspecific 
preference, much more limited in scope than the special interspecific 
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preferences of some species for plain-colored tanagers, but equally 

strong in its way. 
As red-legged blue honeycreepers are the most common birds in pre- 

dominantly honeycreeper flocks (see below), green honeycreepers 
tend to perform many more supplanting attacks in such flocks than 

in predominantly tanager flocks. 

We were not able to study the social relations between green honey- 
creepers and blue dacnises in detail, as the latter were rather rare on 
Barro Colorado Island, the only area where green honeycreepers were 
observed with appreciable frequency during the course of the present 
investigation ; but our observations suggest that green honeycreepers 
react to blue dacnises in a way that is more like their reaction to 
plain-colored tanagers than their reaction to red-legged blue honey- 

creepers. We saw green honeycreepers join and follow, or attempt 
to approach, blue dacnises relatively frequently, but we did not see 
them supplant them. This latter fact may be particularly significant be- 
cause blue dacnises are appreciably smaller than green honeycreepers. 

The social relations between green honeycreepers and bananaquits 
are essentially intermittent. Sometimes the former seem to ignore the 
latter almost completely, but at other times they may attempt to join, 
follow, and/or supplant them very frequently and persistently. (The 

probable explanation of this peculiar relationship is discussed below in 
connection with the social role of bananaquits. ) 

Green honeycreepers join such birds as plain-colored tanagers and 
bananaquits quite frequently without beginning to feed immediately 

afterward, even when they are not obviously very aggressive. 

Female green honeycreepers are usually more aggressive than 

males; and there are some indications that they are associated with 
mixed flocks slightly less frequently than are males. 

It will be noticed that relatively few cases of joining, following, and 
supplanting by green honeycreepers are included in the accompanying 
tables. This might convey a somewhat misleading impression, as green 
honeycreepers do attempt to join, follow, and supplant individuals 
more frequently than the figures in these tables would suggest. The 
apparent discrepancy may be explained in several ways. Most of the 

flocks observed when these counts were made were predominantly 
tanager flocks, in which green honeycreepers perform fewer overt 
reactions to individuals of other species than in other types of mixed 
flocks. Individuals of other species also tend to react to green honey- 

creepers by attempts at evasion. They often fly away, or at least hop 
to another branch, when they see a green honeycreeper approaching, 
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even before the green honeycreeper gets very close. They may have 
learned that green honeycreepers are often aggressive. In many cases, 

when an individual of another species retreated before a green honey- 
creeper in this way, the incident could not be classed as a clear-cut 
case of either joining or supplanting, according to the criteria used 
in compiling the accompanying tables. 

As a general conclusion, green honeycreepers may be said to have 

two contradictory effects upon mixed flocks. They may tend to in- 
crease the cohesiveness and attractiveness of a mixed flock and/or 

tend to disrupt the flock. They may produce these effects successively 
or simultaneously. The disruptive effect of green honeycreepers is 
not, however, always as strong as might be expected. The increased 

calling and rapid movements provoked by, or accompanying, sup- 
planted attacks and other aggressive patterns by green honeycreepers 

may tend to attract other birds in much the same way as do mobbing 
reactions. 

SHINING HONEYCREEPER 

Shining honeycreepers were not observed very frequently during 

the present study. They are common on Barro Colorado Island, 

but seldom conspicuous around the laboratory clearing. When they 
were seen, their behavior was more or less reminiscent of green 

honeycreepers. 
Their social behavior apart from mixed species flocks in central 

Panama seems to be quite remarkably similar to that of green honey- 
creepers. Shining honeycreepers have much the same range and types 

of display patterns ° as green honeycreepers, and also tend to be very 

aggressive, and therefore only very slightly gregarious among 

themselves.*° 
In mixed flocks, however, the social role of shining honeycreepers 

seems to be less important than that of green honeycreepers. Shining 
honeycreepers do tend to join and follow individuals of other species, 
at least occasionally, but they do so relatively much less frequently 
than do green honeycreepers. All or most of their interspecific joining 

and following reactions seem to be expressions of generalized gre- 
gariousness. As far as I could tell, they do not have the special inter- 

® The term “display” will be used throughout this paper to include all vocal 

patterns and all movements and postures that appear to have become specialized 

to subserve a signal function. 

10 Slud (1960) says that shining honeycreepers are rather strongly gregarious 

among themselves in part of Costa Rica; but this is definitely not true of 

the shining honeycreepers of central Panama. 
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specific preference for plain-colored tanagers which is such a con- 
spicuous feature of the behavior of such species as the palm tanager 
and the green honeycreeper. Shining honeycreepers join predomi- 

nantly honeycreeper flocks much more frequently than predominantly 

tanager flocks. 
The only birds of other species that tend to provoke unusually strong 

reactions from shining honeycreepers are red-legged blue honeycreep- 

ers, which they tend to supplant quite frequently, much more fre- 

quently than they supplant individuals of any other species and almost 
as frequently as they supplant one another. I have also seen captive 
female shining honeycreepers (which were in cages with males of their 
own species) react to wild male red-legged blue honeycreepers outside 

their cages in almost exactly the same way that they would react to 
strange males of their own species at comparable distances, i.e., they 

performed several displays that were largely hostile but also contained 

nonhostile (presumably sexual) components. It is possible, therefore, 
that shining honeycreepers tend to regard red-legged blue honey- 
creepers as nothing more than slightly subnormal or suboptimal mem- 
bers of their own species. 

Individuals of other species seldom react very strongly to shining 

honeycreepers, but when they do it is almost or exactly the same way 

that they react to red-legged blue honeycreepers (see below). Unfor- 

tunately, I saw very few encounters between shining honeycreepers 
and green honeycreepers. Green honeycreepers may tend to be as 

aggressive toward shining honeycreepers as they are toward red- 

legged blue honeycreepers, but this needs to be confirmed by further 
observations. 

RED-LEGGED BLUE HONEYCREEPER 

Red-legged blue honeycreepers are highly gregarious among them- 

selves, in much the same way as plain-colored tanagers. They also 
resemble plain-colored tanagers in being very restless and noisy. It 
might be expected, therefore, that their role in mixed flocks would be 

equally similar to that of plain-colored tanagers. This is not quite the 
case, however. Red-legged blue honeycreepers behave very much like 

plain-colored tanagers in mixed flocks, but their behavior does not 
usually produce results that are very similar to the results of the 

behavior of plain-colored tanagers. 
Red-legged blue honeycreepers occur in mixed flocks very fre- 

quently. They occur in all types of mixed blue and green tanager 
and honeycreeper flocks. They are usually much more numerous than 
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individuals of any other species in predominantly honeycreeper flocks. 

This may be illustrated by the figures in table 44, which is based 
upon observations of birds in two large flowering trees in the clearing 
on Barro Colorado Island between December 19 and December 23, 
1959. During this period these trees were visited by individuals of 
many species of the blue and green tanager and honeycreeper alliance, 
separately and/or in mixed flocks. Almost all the mixed flocks seen 
during this particular series of observations were predominantly 

TABLE 44.—Data from observations on Barro Colorado Island between 

December 19 and 23, 1959 

The number of times individuals of some species of the blue and green tanager 

and honeycreeper alliance were seen in mixed flocks (predominantly honey- 

creeper flocks) and apart from mixed flocks. 

No. of times No. of times 
individuals individuals 

seen in seen not in 

Species mixed flocks mixed flocks Totals 

Plain-colored) tanagenrs,. pits. «i asvws's i dete aiers 44 4 48 

(92) 
AMG CANIA SENSI rors cleyaloiese. cisvc sy «Duis oieseie sete ee 19 8 27 

(70) 
Bille CAGABCIS Os cases weet sore ses ccret eee 17 9 26 

(65) 
Green! haneyoreeperss4ic.<siaerav ss neice ole ok 20 14 34 

(59) 
Red-legged blue honeycreepers............ 175 82 257 

(68) 
BSG GACINSES ee ae Me sees cect eh one wits 42 15 57 

(74) 
Summer fanacers 2265. 1k sk kdwsn atiecitene 59 24 83 

(71) 
IB AMLATIAA CHUL GS eropete cvaiers chereici yn kee acieic cous aarti 18 39 57 

(32) 

honeycreeper flocks. The figures in the table indicate the number of 

times individuals of the species most commonly seen during these 
observations were seen in mixed flocks and not in mixed flocks. These 

figures were compiled and are arranged in the same way as the cor- 

responding figures in tables I, 20, 28, and 35. 
(The results of this series of observations are not included with the 

results of the other observations on Barro Colorado Island summa- 

rized in tables 1-19.) 
Red-legged blue honeycreepers usually tend to ignore all or most of 

their associates in mixed flocks. They join, follow, and supplant indi- 
viduals of other species comparatively rarely. They are joined, fol- 



NO. 7 FLOCKS OF NEOTROPICAL BIRDS—-MOYNIHAN 59 

lowed, and supplanted by individuals of other species more frequently 
than they themselves join, follow, and supplant; but they are joined 
and followed relatively much less frequently than are plain-colored 
tanagers, and are also relatively much less common than plain-colored 
tanagers in obviously tightly integrated mixed flocks and in flocks 
composed of only two species. They do not seem to be particularly 
attractive to any species of tanager. With the possible exception of 
blue dacnises (see below), no other honeycreepers seem to behave as 
if they had a strong “friendly” interspecific preference for red-legged 
blue honeycreepers under natural conditions. I have never seen a 
female shining honeycreeper react to a male red-legged blue honey- 
creeper as a potential mate under natural conditions. 

It is obvious, nevertheless, that the noisiness and rapid movements 

of red-legged blue honeycreepers greatly increase the conspicuousness 
of the mixed flocks in which they occur and probably, therefore, 
increase the attractiveness of such flocks to many birds of many 
species. It is my impression that mixed flocks that include red-legged 
blue honeycreepers tend to attract more birds of other species than 
otherwise identical flocks that do not include red-legged blue honey- 
creepers. In particular, migrant warblers of many species seem to be 

more likely to join mixed flocks that include red-legged blue honey- 
creepers than all or most other mixed flocks in the same environments. 

I am not sure of the precise social relationships between most of these 
warblers and red-legged blue honeycreepers. It seems unlikely that 

any of these warblers have any special interspecific preference for red- 
legged blue honeycreepers. 

Red-legged blue honeycreepers may attract individuals of many 
other species as frequently as is possible by stimulating generalized 
gregariousness alone. Their social role in many mixed flocks is 
probably very similar to what the social role of plain-colored tanagers 
would be if plain-colored tanagers did not stimulate the “friendly” 
special interspecific preferences of some other species so strongly. 

The fact that red-legged blue honeycreepers do not evoke as many 
nonhostile interspecific preferences as plain-colored tanagers may 
be due largely to the distinctive nature of some of their most common 
vocal patterns, which are quite different from the corresponding 
patterns of any other species of the blue and green tanager and 

honeycreeper alliance in central Panama, and the bright and intri- 

cately patterned nuptial plumage of the males. Such characters are 
presumably advantageous because they help to maintain the reproduc- 
tive isolation of the species. They may also tend to promote other 
types of social isolation as well. 
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It is possible that red-legged blue honeycreepers have begun to 
evolve certain characters to increase their attractiveness to other 
species. This might be one of the functions of the dull “eclipse” 
plumage of the males during the nonbreeding season. The males of 
other species of honeycreepers do not have eclipse plumages, and that 
of male red-legged blue honeycreepers is really quite remarkably 
similar to the year-round plumages of both male and female plain- 
colored tanagers and palm tanagers (and the eclipse plumage of 

male scarlet tanagers, Piranga olivacea) .1* 

Male red-legged blue honeycreepers show more intraspecific gre- 
gariousness than do females; and they also seem to occur in mixed 
flocks relatively more frequently than do females. 

BLUE DACNIS 

Blue dacnises were not very common in any of the areas where 

mixed blue and green tanager and honeycreeper flocks were studied ; 
but they appeared to contribute appreciably to the cohesion of mixed 

flocks, at least predominantly honeycreeper flocks, whenever they 
occurred in such flocks. They seemed to join and follow individuals 
of other species (especially red-legged blue honeycreepers) relatively 
frequently ; and they were also joined and followed by individuals of 
other species (especially green honeycreepers) relatively frequently. 

CRIMSON-BACKED TANAGER 

All the species discussed above (with the possible or probable 
exception of the shining honeycreeper) may be considered regular 
members of mixed blue and green tanager and honeycreeper flocks. 
They are regular in the sense that they tend to associate with one 
another whenever a suitable opportunity to do so occurs, at least 

during the nonbreeding season. Each of these species usually ap- 
proaches, or is approached by, at least one of the other species 
whenever they encounter one another during the nonbreeding season. 

Individuals of these species usually prefer to associate with individuals 
of other species of the group even when they have a wide choice of 
alternatives, i.e., when it would be just as easy for them to associate 

with individuals of species of other groups that have more or less 
similar insectivorous and/or frugivorous habits. 

11 The scarlet tanager is also the only species of its genus that has a com- 

plete eclipse plumage. It would be interesting to know if scarlet tanagers asso- 

ciate with mixed flocks in their winter quarters in the Tropics, and, if so, in 

what capacity. 
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The crimson-backed tanager is not quite a regular member of the 
mixed blue and green tanager and honeycreeper flocks in this sense. 

Crimson-backed tanagers do occur in mixed flocks with blue and 
green tanagers and honeycreepers—so frequently, in fact, that they 

may be considered members of the blue and green tanager and honey- 

creeper alliance (see definition above). They also join, follow, and/or 
supplant regular members of the blue and green tanager and honey- 

creeper flocks occasionally, and are occasionally joined, followed, 
and/or supplanted by regular members of these flocks. Such clear-cut 

reactions are relatively rare, however. Crimson-backed tanagers are 
usually joined and followed by other members of the blue and green 

tanager and honeycreeper alliance even less frequently than are red- 

legged blue honeycreepers in similar social situations. Crimson-backed 
tanagers often appear to be purely casual associates of mixed blue 

and green tanager and honeycreeper flocks, keeping some distance 

away from all or most of the other members of such flocks, and 
frequently moving in different directions from the other members of 
the flocks. Even more significantly, crimson-backed tanagers also 
prefer to associate with some other species that are not members of 
the blue and green tanager and honeycreeper alliance (see below). 

The fact that both the plumage and the most common notes of crim- 
son-backed tanagers (see above) are very conspicuously different 
from the corresponding characters of any regular member of the blue 
and green tanager and honeycreeper flocks is probably a definite hin- 
drance to more frequent and closer associations between crimson- 
backed tanagers and most other members of the blue and green tanager 
and honeycreeper alliance. Crimson-backed tanagers must stimulate 
the generalized gregariousness of many or all the other members of 
this alliance; but they probably do so less strongly than they would 
if their appearance and notes were less distinctive. 

It is also possible, since crimson-backed tanagers are comparatively 
large birds, that they tend to alarm the smaller blue and green tanagers 

and honeycreepers rather strongly. 

There is no evidence, however, that any of the other members of 

the blue and green tanager and honeycreeper alliance have developed 

a definite aversion to crimson-backed tanagers, as they seem to have 
to some related species (see below). 

Blue tanagers tend to associate with crimson-backed tanagers some- 

what more frequently and/or more closely than do all or most of the 

other members of the blue and green tanager and honeycreeper alli- 
ance. This may be due to the fact that blue tanagers and crimson- 
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backed tanagers have rather similar habitat preferences. Both species 
occur in young second-growth forest and scrub relatively more fre- 
quently than do such species as the plain-colored tanager, the palm 
tanager, the green honeycreeper, and the Cyanerpes honeycreepers. 

Crimson-backed tanagers are usually very noisy and often travel in 
family groups or small flocks of several family groups. Mixed flocks 
that include crimson-backed tanagers are particularly conspicuous and 
tend to attract a wide variety of birds of other species not usually 
associated with such flocks. The other species attracted by crimson- 
backed tanagers are not usually the same as those attracted by red- 
legged blue honeycreepers. Crimson-backed tanagers seem to be espe- 
cially attractive to several orioles and flycatchers. 

SUMMER TANAGER 

The social role of summer tanagers in mixed blue and green tanager 
and honeycreeper flocks is very different from the corresponding roles 
of any other tanagers or honeycreepers. In Panama summer tanagers 

seldom associate with one another. It is relatively rare to see more 

than a single summer tanager in any given area at any given time. 
These single summer tanagers become associated with mixed species 

flocks relatively frequently. They are probably associated with all 
types of blue and green tanager and honeycreeper. flocks and with 
several other types of mixed flocks almost equally frequently (see 

below). They seem to discriminate between different types of mixed 
species flocks only insofar as they prefer flocks that inhabit the edges 
of forest or scrub and include some insectivorous or partly insec- 
tivorous species. They are largely insectivorous themselves in lowland 
Panama, and are most common along the edges of forest and scrub. 

Summer tanagers are seldom very conspicuous in mixed flocks. 
They are usually silent as long as they are associated with individuals 
of other species, and tend to remain on the outskirts of mixed flocks. 
While they are associated with mixed blue and green tanager and 
honeycreeper flocks, they are sometimes joined and followed by indi- 
viduals of other species, especially such species as the green honey- 
creeper and the palm tanager which have particularly strong joining 
and following tendencies; but it is my impression that they usually 
become associated with such flocks in the first place because they them- 
selves join the flocks. 

The usual role of summer tanagers in mixed blue and green tanager 
and honeycreeper flocks is reminiscent of the roles of many furnariids 
(or dendrocolaptids) in other types of mixed flocks (see below). 
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Summer tanagers seem to be more nearly parasitic on their com- 
panions in mixed blue and green tanager and honeycreeper flocks than 
are any other birds commonly associated with such flocks. 

BANANAOUIT 

Bananaquits may play a rather important role in mixed flocks—but 
only occasionally. They are often rather silent and inconspicuous. At 

such times, they may occur in mixed blue and green tanager and 
honeycreeper flocks without having much effect upon their companions 
in the flocks. They may join and follow individuals of other species, 

or be joined, followed, and supplanted by individuals of other species ; 

but such reactions are not usually very common. 
During the breeding season, however, male bananaquits sing very 

frequently, and territorial bananaquits (apparently of both sexes) 

often engage in prolonged and noisy disputes. When bananaquits are 
noisy, they are joined, followed, and supplanted by individuals of other 
species much more frequently than when they are silent. They are 
particularly likely to be joined, followed, and supplanted by green 
honeycreepers. 

It is not very clear why green honeycreepers should react so vigor- 

ously to bananaquits at times, as bananaquits do not resemble green 
honeycreepers in appearance or voice. The explanation may be simply 
that green honeycreepers react strongly to individuals of any other 
species that are conspicuous, and feel free to approach bananaquits 
because the latter are so much smaller than they are. Interestingly 

enough, bananaquits do not seem to have evolved any special char- 
acters for the primary purpose of either encouraging or discouraging 
green honeycreepers. It is possible that most bananaquits do not 
encounter green honeycreepers very frequently. Individuals of the 
two species encounter one another fairly frequently in such environ- 
ments as the clearing on Barro Colorado Island ; but bananaquits are 
also very common in certain types of second-growth vegetation in 
which green honeycreepers are rare or absent. Or perhaps the two 
species have come into contact with one another only relatively 
recently. 

Associations between bananaquits and green honeycreepers are very 
seldom long sustained. This may be largely due to the fact that noisy 
bananaquits tend to stop vocalizing when approached by green 
honeycreepers. 

There were some indications that some or all of the bananaquits 
on Barro Colorado Island tended to join and follow green honey- 
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creepers more frequently than they joined and followed individuals 
of any other species of the blue and green tanager and honeycreeper 
alliance. This may have been the result of conditioning. These par- 
ticular bananaquits may have become used to green honeycreepers 
simply because they were approached by the latter so frequently. 

OTHER SPECIES 

There is comparatively little to be said about the other species some- 
times associated with mixed blue and green tanager and honeycreeper 
flocks. Some of them were rather rare in the areas where these flocks 
were studied. None of them appears to play a very significant role in 
any appreciable number of blue and green tanager and honeycreeper 
flocks, although some of them are very important in other types of 
mixed flocks (see below). 

The streaked saltator and the yellow warbler may be cited as exam- 
ples of rather common species that have very weak generalized gre- 
garious tendencies and/or whose generalized gregarious tendencies 

are usually very weakly stimulated by members of the blue and 

green tanager and honeycreeper alliance. The differences between 

the frequencies of interspecific social reactions by streaked saltators 

and yellow warblers and by the other species cited in the accom- 

panying tables may be taken as a rough measure of the extent to which 

the latter species have become important social factors in the blue 

and green tanager and honeycreeper alliance. 

PARTIAL SUMMARY 

Many mixed blue and green tanager and honeycreeper flocks are 

rather complex societies. Each of the more common species of the 

alliance tends to play a characteristic social role, more or less distinctly 

different from that of every other species in the mixed flocks of the 
alliance. These roles are the results of complex interactions between 

each species and at least one (usually several) other species. Several 
of the species tend to react differently to each of several other species. 

Most of the more common species have also evolved special adapta- 

tions, of plumage and/or behavior, to facilitate the performance of 

their characteristic roles in mixed flocks. 
The most remarkable and apparently specialized social bonds be- 

tween different species in mixed blue and green tanager and honey- 

creeper flocks are the special interspecific preferences. 
Diagrams 1 and 2 are tentative summaries of the interspecific pref- 
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RH 

D1acRAM 1.—The special interspecific preferences of the most commonly 

observed species of the blue and green tanager and honeycreeper alliance revealed 

by predominantly “friendly” joining and following reactions. 

The species are identified by initials. RH=red-legged blue honeycreeper. 

BD=blue dacnis. GH-=green honeycreeper. BQ=bananaquit. PCT= 

plain-colored tanager. GM=golden-masked tanager. PT—=palm tanager. 

BT = blue tanager. 

The arrows point from the species exhibiting a special interspecific preference 

to the species that is the object of this preference. The width of the arrows is 

roughly proportional to the apparent strength of the preferences. 
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SH 

PET 

1 DT 
DIAGRAM 2.—The special interspecific preferences of the most commonly ob- 

served species of the blue and green tanager and honeycreeper alliance revealed 

by supplanting attacks and other predominantly aggressive reactions. Organized 

in the same way as diagram I. 

The species are identified by the same initials as in diagram I, with one 

addition: SH = shining honeycreeper. 



NO. 7 FLOCKS OF NEOTROPICAL BIRDS—MOYNIHAN 67 

erences of the most commonly observed species of the blue and green 
tanager and honeycreeper alliance. Diagram 1 shows the special inter- 

specific preferences revealed by predominantly friendly joining and 
following reactions. Diagram 2 shows the special interspecific prefer- 
ences revealed by supplanting attacks and other predominantly aggres- 
sive reactions. Both diagrams may be incomplete; but they probably 
include all or almost all of the strongest and most significant special 
interspecific preferences of the regular members of typical mixed blue 
and green tanager and honeycreeper flocks in central Panama. 

In spite of their distinctness, the roles of the various species occur- 
ring in mixed blue and green tanager and honeycreeper flocks may be 
classified into a small number of rather broad categories. Such a 
classification may be useful for comparative purposes. 

There have been several previous attempts to classify the social 
roles of species occurring in different types of mixed flocks in different 
areas of the Tropics. 

In his first paper on mixed flocks of Rhodesian birds, Winterbottom 
(1943), divided the species of such flocks into two categories : 

“nucleus” species and “circumference” species. Individuals of the 
nucleus species always occurred in groups, by themselves alone, or in 
association with individuals of other species. Individuals of the cir- 
cumference species were not highly gregarious among themselves, but 
did join mixed flocks. Winterbottom suggested that most mixed 
flocks were formed by circumference species joining nucleus species. 
The terms themselves would suggest that individuals of the nucleus 
species usually occurred at the front and/or the center of mixed flocks 
and the circumference species at the sides and/or toward the rear 
of the flocks. 

Davis (1946) classified the species of mixed flocks in some Brazilian 
forests according to several criteria. His main categories were “regu- 
lar” species and “accidental” species. These were defined as follows: 
“The regular species stay with the flock for long periods of time, are 
seldom seen away from the flock, and have the calls and behavior 
patterns of a flocking species. . . . The accidentals associate merely 
temporarily with the group as it moves along. These species do not 
have the calls and behavior of flocking birds.” Davis also recognized 
categories of “migrants,” species that “are present for either the 

breeding or the nonbreeding period,” and ‘“‘nomads,” species that “are 

irregular in occurrence and vary greatly in numbers.” 
In a later paper, Winterbottom (1949) attempted to combine 

Davis’s classification with his own earlier classification, and suggested 
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the following four main categories: (1) “nucleus” species, (2) other 
“regular” species, (3) “regular accidental” species, and (4) “acci- 

dental” species. He also suggested that a fifth category might be 
recognized : “accidental nucleus” species. 

This last scheme can be used as the basis for a classification of the 
roles of different species in mixed blue and green tanager and honey- 
creeper flocks ; but it needs to be revised in several ways for this pur- 
pose. The criteria for distinguishing the various categories may also 
be defined in more strictly behavioral terms in order to eliminate the 
factors that are essentially extrinsic to the mixed flocks. 

An initial distinction may be made between “nuclear” and “attend- 
ant” species. Nuclear species can be defined as species whose behavior 
contributes appreciably to stimulate the formation and/or maintain 
the cohesion of mixed flocks. Individuals of such species approach 
individuals of other species relatively frequently and/or behave in 
such a way that they are particularly attractive to individuals of other 
species. In any case, they contribute something more than their mere 
presence. Nuclear species, in this sense, may or may not be regular 

members of the mixed flocks in which they are sometimes nuclear. 
They may also occur at any place in mixed flocks. Some nuclear 

species usually occur at the front and/or center of mixed flocks but 
others do not. Attendant species do much less to stimulate the forma- 
tion and/or maintain the cohesion of mixed flocks. They contribute 
little or nothing except their presence. 

Nuclear species can be divided into two main types, which may be 
called ‘‘active” and “passive.”’ These may be defined as follows. Indi- 
viduals of active nuclear species usually join and/or follow individuals 
of other species much more often than they are joined and/or fol- 
lowed by individuals of other species. (Many or most of the species 
called “other regular species” by Winterbottom would probably be 
classified as active nuclear species according to this definition.) Indi- 
viduals of passive nuclear species are usually joined and/or followed 
by individuals of other species much more often than they join and/or 

follow individuals of other species. (All or most of Winterbottom’s 
“nucleus” species would probably be classified as passive nuclear 

species according to this definition. ) 

It may also be convenient to divide the species occurring in any par- 

ticular type of mixed flock into “regular” and “occasional” members 

of such flocks. The characteristics of regular members have already 

been mentioned. Regular members of a particular type of mixed flock 

usually or always approach and/or are approached by one or more of 



NO. 7 FLOCKS OF NEOTROPICAL BIRDS—-MOYNIHAN 69 

the other species commonly occurring in that type of mixed flock 
whenever a suitable opportunity occurs (at least during the nonbreed- 
ing season). Occasional members of a particular type of mixed flock 

frequently, perhaps usually, do not approach and/or are not ap- 

proached by the other species commonly occurring in that type of 
mixed flock when opportunities to do so occur (even during the non- 
breeding season). Thus, a rare species that is a regular member of a 
certain type of mixed flock may actually occur in flocks of that type 
less frequently than a common species that is an occasional member, if 

the common species has many more opportunities to become associated 
with mixed flocks of that particular type. The term “occasional,” in 
this sense, is probably largely synonymous with the term “accidental,” 
as used by Davis and Winterbottom. The latter term is not used in 
this paper because it might convey a misleading impression. The 
associations between occasional members of mixed flocks and their 
companions in such flocks are not really fortuitous, or accidental, in 
the ordinary sense of the word. 

The characters used to define the categories listed above are essen- 

tially relative. It is perfectly conceivable that some species might play 
intermediate roles in certain types of mixed flocks. This may be true 
of some of the species of montane bush flocks (see below). The roles 

of most species in mixed blue and green tanager and honeycreeper 
flocks, however, are so clear-cut and one-sided that they can be 
assigned to particular categories without any difficulty. It is possible, 
therefore, to summarize the roles of the various species in mixed blue 
and green tanager and honeycreeper flocks as follows: 

The plain-colored tanager is always a regular and passive nuclear 

species. The red-legged blue honeycreeper is always regular and 
nuclear and probably always passive. 

The blue tanager and the green honeycreeper are always regular 

and active nuclear species. The golden-masked tanager is probably 
similar. The shining honeycreeper may be a regular or an occasional 

active nuclear species. 

The palm tanager is always an active nuclear species and always 
regular except in some environments in the breeding season. 

The bananaquit is always regular. Sometimes it is a passive nuclear 
species. At other times it is an attendant species. 

The summer tanager is always an attendant, and usually or always 
occasional. 

The role of the crimson-backed tanager is more obviously compli- 

cated than those of all or most of the other species. It is a very 
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common occasional member of mixed blue and green tanager and 
honeycreeper flocks, and attendant in relation to the regular members 
of such flocks. While it 1s associated with mixed blue and green tana- 
ger and honeycreeper flocks, however, it sometimes functions as a 
passive nuclear species for other occasional members of the flocks. 

The blue dacnis is apparently always nuclear and regular. It has 
not been observed frequently enough to determine if it is a passive 
nuclear and/or an active nuclear species. 

Most of the remaining species are probably occasional attendant 

species in mixed blue and green tanager and honeycreeper flocks. Some 
of them are nuclear, or regular attendants, in other types of mixed 
flocks; but their roles in such flocks do not seem to affect their roles 

in the blue and green tanager and honeycreeper flocks. 

DIFFERENT TYPES OF MIXED FLOCKS 

The frequencies with which blue and green tanager and honey- 

creeper flocks are formed, and the degree of integration within such 
flocks, are obviously different in different environments and in the 

same environment at different times. This may be due partly to the 
fact that different species are dominant in different environments 
and/or in the same environment at different times. It was not possible 
to study this aspect of flock behavior in detail ; but some of the figures 

in the accompanying tables may help to illustrate some of the varia- 
tions that can occur. 

Individuals of most species were seen in mixed flocks most fre- 
quently near Gamboa and near Frijoles in July and August of 1960, 

when blue tanagers were the most common of the tanagers and honey- 
creepers. Individuals of most species were seen in mixed flocks least 
frequently near Frijoles between November 1959 and January 1960, 
when crimson-backed tanagers were the most common of the tanagers 

and honeycreepers. Relatively more birds were seen in tightly inte- 
grated flocks around the clearing on Barro Colorado Island, where 
plain-colored tanagers were dominant, than in any of the other areas. 

It seems likely that most of the birds of the blue and green tanager 

and honeycreeper alliance around the clearing on Barro Colorado 
Island were very much habituated to one another. They were confined 
to a relatively small area, separated from the nearest similar areas by 
large expanses of heavy forest and/or the waters of Gattin Lake, and 
tended to encounter one another again and again. 

Environments like the clearing on Barro Colorado Island are rare 
in central Panama now, as most of the heavy forests of this region 
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have been cut down; but they must have been relatively much more 
common before the region acquired a dense human population. It is 
possible that isolated clearings in heavy forest were the most important 
habitat of mixed blue and green tanager and honeycreeper flocks 
before human interference became appreciable. Many of the social 

behavior patterns of many species of the blue and green tanager and 
honeycreeper alliance may have been evolved originally as adaptations 

to life in mixed flocks that were more like the flocks observed on 

Barro Colorado Island than any of the other flocks observed in the 
course of the present study. 

THE MONTANE BUSH FLOCKS 

Montane bush flocks are much less widely distributed in Panama 

than mixed blue and green tanager and honeycreeper flocks. The 

montane bush flocks that were studied most intensively during the 
present investigation are characteristic of the hills and mountains of 

western Panama and seldom or never occur below 3,000 feet above 

sea level. 

These flocks were studied on the western slopes of the Volcan de 
Chiriqui (El Baru), between approximately 4,500 feet and 7,500 feet 

above sea level (from the town of El Volcan to elevations well above 
the town of Cerro Punta), during four short periods of observation: 

between September 17 and September 21, 1958; between March 2 and 
March 9, 1959; between March 19 and March 30, 1960; and between 
October 3 and October 10, 1960. Special attention was paid to the 
flocks at higher altitudes, above 6,000 feet. 

All or most of the upper slopes of the Volcan de Chiriqui must have 
been covered by heavy montane forest at one time. Much of the forest 
of the western slopes has been cut down within fairly recent years, but 
large patches remain, especially above 6,000 feet. Second-growth 

forest and scrub are also found in many areas. Most of the observa- 

tions of mixed flocks were made along the edges of forest and scrub. 

Many of the birds commonly occurring in mixed bush flocks in 
this region were performing reproductive behavior patterns in March; 

but all or most of them appeared to be in the middle of the non- 
breeding season in September and October. 

THE MOST COMMON SPECIES 

It may be useful to describe the appearance of the most common 
species of the montane bush alliances in western Panama and sum- 
marize the most distinctive features of their social behavior apart from 
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mixed flocks, in much the same way as was done for the most common 
species of the blue and green tanager and honeycreeper alliance. 
Brown-capped Bush-tanager (Chlorospingus ophthalmicus).—A 

comparatively small tanager. Sexes nearly identical in plumage: 
largely olive above and yellow below, with brown head, conspicuous 
triangular white patches behind eyes, white under wings (very con- 
spicuous in flight), and grayish-buffy throat. 

Resident in Panama. Common along the edges of forest and scrub 
over a wide range of altitudes, both in the treetops and in very low 
vegetation. 

Very gregarious apart from mixed species flocks. Very restless 
and active. Very noisy; frequently uttering loud and sharp tsit call 
notes and mechanical-sounding rattles. 

Sooty-capped Bush-tanager (Chlorospingus pileatus).—Very simi- 
lar to the brown-capped bush-tanager in general appearance, but head 
largely blackish, with white postocular stripes and whitish throat. 

Resident in Panama. Usually at slightly higher altitudes than the 
brown-capped bush-tanager. Common along the edges of forest and 
scrub. 

Not very gregarious apart from mixed species flocks. Similar 
to the brown-capped bush-tanager in voice, and almost equally active 
and restless. 

Black-cheeked Warbler (Basileuterus melanogenys).—A very tana- 
gerlike warbler. Reminiscent of Chlorospingus in shape. Sexes nearly 
identical in appearance: generally olive above and whitish below, with 
black cheeks, white superciliary stripes, black stripes above white 
superciliaries, and chestnut crown. 

Resident in Panama. Common along the edges of forest and scrub, 
at fairly high altitudes. Usually rather low in vegetation. 

Not very gregarious apart from mixed species flocks. Very active 
and restless. Sometimes, but not always, very noisy. 

Yellow-thighed Finch (Pselliophorus tibialis)-——A rather large 
finch. Sexes nearly identical in plumage: largely blackish, with bright 
yellow thighs. 

Resident in Panama. Common along the edges of forest and scrub 
over a rather wide range of altitudes. Usually occurring relatively 
low in vegetation. 

Not very gregarious apart from mixed species flocks. Very restless 
and active. Very noisy; frequently uttering twittering phrases. 

Yellow-throated Bush-finch (Atlapetes qutturalis) —A rather large 
finch. Sexes nearly identical in plumage: largely black above and 
white below, with yellow throat and white crown stripe. 
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Resident in Panama. Common along the edges of forest and scrub 
over a very wide range of altitudes. Usually occurring relatively low 
in vegetation. 

Not very gregarious apart from mixed species flocks. Moderately 

active. Usually very quiet. 

Miscellaneous Furnariidae.——Various species of furnariids, e.g., the 
ruddy tree-runner (Margarornis rubiginosus), the buff-fronted foli- 
age-gleaner (Philydor rufus), and the red-faced spinetail (Cranio- 
leuca erythrops) are more or less frequently associated with montane 

bush flocks. 

All these species are somewhat similar in appearance, insofar as 

they all have rufous wings and tails. They are all resident in Panama, 

and only very slightly gregarious apart from mixed species flocks. 

Silver-throated Tanager (Tangara icterocephala)—A compara- 

tively small tanager. Sexes nearly identical in plumage: largely 
golden yellow, with a whitish throat and black and green stripes on 

the back. 
Resident in Panama. Common along the edges of forest and scrub 

over a wide range of altitudes. Frequently occurring in treetops. 

Not very gregarious apart from mixed species flocks. Very restless 
and active. Very noisy; frequently uttering very distinctive buzzy 

call notes. 

Wilson’s Warbler (Wilsonia pusilla) —A small, chunky warbler. 
Sexes slightly different in appearance. Male generally yellowish, with 
conspicuous black crown. Female without black crown. 

Migrant. In Panama from September to March (approximately). 
Widely distributed over a wide range of altitudes in Panama. Com- 
mon both in the treetops and in low scrub. 

Almost completely nongregarious apart from mixed species flocks 

in Panama. Active and noisy, frequently uttering loud “Tsit” call 

notes. 

Slate-throated Redstart (Myioborus miniatus).—A_ flycatcherlike 

warbler. Sexes nearly identical in appearance: largely black above 
and yellow below, cheeks and throat blackish, chestnut on crown, and 

white tips on tail feathers. 

Resident in Panama. Common along the edges of forest and scrub 

over a wide range of altitudes. Occurs in almost all levels of vegeta- 

tion, 

Not very gregarious apart from mixed species flocks. Very active 

and restless. Not very noisy. 
Collared Redstart (Myioborus torquatus)—Similar to the slate- 
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throated redstart in appearance, but with yellow cheeks and chin and a 
black breast band. 

Resident in Panama. Common along the edges of forest and scrub. 
Most common at slightly higher altitude than those at which the slate- 
throated redstart is most common. Occurs in all levels of vegetation. 

Moderately gregarious apart from mixed species flocks. Very 
active and restless. Not very noisy. 

Several other species are certainly associated with montane bush 
flocks at least moderately frequently. Among these are the summer 

tanager, the speckled tanager (Tangara chrysophrys), the golden- 

crowned warbler (Basileuterus culicivorus), the flame-throated war- 
bler (Vermivora gutturalis), the brown-capped vireo (Vireo leuco- 
phrys), the blue-throated toucanet (Aulacorhynchus caeruleogularis), 

the pale-vented thrush (Turdus obsoletus), and various tyrannid fly- 
catchers. Some of these species may play important roles in some 
montane bush flocks (see below) ; but they were either relatively rare 

in the areas where mixed montane bush flocks were studied most 
intensively and/or are associated with mixed montane bush flocks 
much less regularly or less closely than such species as the Chloro- 
spingus tanagers and the yellow-thighed finch. 

DESCRIPTION OF THE FLOCKS 

The general social organization of most mixed montane bush flocks 
is similar to that of most blue and green tanager and honeycreeper 

flocks in the lowlands, but by no means absolutely identical. 
Mixed montane bush flocks are more varied than blue and green 

tanager and honeycreeper flocks. They include different species at 
different altitudes. Some species of the montane bush alliances seem 
to be confined to a rather narrow range of altitudes. Other species 
occur over a wider range of altitudes but are not equally common 
throughout their ranges. 

At relatively low altitudes, i.e., around 4,500-5,200 feet on the west- 
ern slopes of the Volcan de Chiriqui, the montane bush flocks tend to 
include more species than the corresponding flocks at higher altitudes, 
and are rather distinctive in some other ways. These comparatively 

low-altitude flocks will be discussed below, after the discussion of the 
higher-altitude flocks. 

The brown-capped bush-tanager, the yellow-thighed finch, the slate- 
throated redstart, various furnariids, and (sometimes) Wilson’s war- 
bler are usually the most conspicuous species in mixed bush flocks 
from approximately 5,200 to 6,800 feet on the western slopes of the 
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Volcan de Chiriqui. Above approximately 6,800 feet the brown- 
capped bush-tanager is more or less abruptly replaced by the sooty- 

capped bush-tanager, and the collared redstart becomes more common 
than the slate-throated redstart. In spite of their different composi- 
tions, most of the higher-altitude flocks, both above and below 6,800 
feet, are essentially very similar in structure. 

They are usually comparatively stable, more so than most mixed 
blue and green tanager and honeycreeper flocks. Individuals of all the 
species occurring in these montane bush flocks do tend to join and 
leave one another frequently, or are joined and left by one another 
frequently ; but there are indications that individuals of some of these 

species tend to remain together with individuals of other species con- 
tinuously for longer periods of time, on the average, than do individ- 

uals of any of the species of the blue and green tanager and honey- 
creeper alliance. Some of the higher-altitude mixed montane bush 

flocks are also long sustained as groups in spite of the fact that the 
individual birds in such flocks may change from time to time. This 
may be clarified by an example. A pair of birds of a strongly terri- 

torial species may remain associated with a mixed montane bush flock 
as long as the flock remains within the pair’s territory and then drop 
out of the flock when the flock moves on; but this pair’s place in the 
flock may be taken, immediately, by another pair of the same species, 
so that the specific composition of the flock is not changed by the 

change of individual birds. 

The comparative stability of the higher-altitude mixed montane 

bush flocks seems to be correlated with certain other distinctive fea- 
tures of social behavior within such flocks. Interspecific joining and 
following reactions are comparatively common, more so than in all 

or most mixed blue and green tanager and honeycreeper flocks, while 
interspecific supplanting attacks are comparatively rare, much less 
common than in all or most mixed blue and green tanager and honey- 

creeper flocks. 

The frequencies of some interspecific reactions in some higher-alti- 

tude montane bush flocks may be illustrated by the figures in table 45. 

These figures are counts of the number of times individuals of certain 

species were seen to be involved in interspecific joining, following, and 
supplanting reactions in higher-altitude montane bush flocks during 

approximately 25 hours of intermittent observations between Octo- 

ber 4 and October 10, 1960, on the Volcan de Chiriqui. The method of 
observation used was the same as in the counts of reactions in mixed 
blue and green tanager and honeycreeper flocks, except that each in- 
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dividual montane bush flock was usually watched continuously for a 
considerable length of time (usually 15 minutes to 1 hour). In com- 
piling table 45, a bird was considered to have joined another (or sev- 

eral others) when it approached within 10 feet of another, or others, 

without continuing to move after the others, and without forcing the 
others to move away. The joined birds were usually more or less 
stationary before being joined. A bird was considered to be following 

another (or others) when it hopped or flew steadily after the others, 
while the others were moving themselves.’? Supplanting attacks were 
recognized by the same criteria as in the counts of similar reactions in 

mixed blue and green tanager and honeycreeper flocks. 

TABLE 45.—Interspecific following, joining, and supplanting reactions involving 

some species of the montane bush alliances in some higher-altitude mixed 

flocks observed between October 4 and I0, 1960 
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Yellow-thighed finch ... 33 16 22 7 10 6 fo) Oo 

Red-faced spinetail ..... 4 2 10 12 I 0) ) O 

Silver-throated tanager .. 15 7, o 2 oO o I 3 
Wilson’s warbler ....... 31 31 15 7 3 o 0 I 
Collared redstart ....... 16 10 3 9 6 ) ) ) 

Table 45 is a list of all the interspecific joining, following, and 
supplanting reactions observed, including ambiguous cases when one 
bird joined or followed a group composed of individuals of several 
other species. The figures in this table are not strictly comparable 
with the counts of interspecific reactions in mixed blue and green 
tanager and honeycreeper flocks shown in the preceding tables. The 
reactions of each species are listed separately in the table, without 

attempting to identify the other species involved in any given reaction. 

Many of the higher-altitude mixed montane bush flocks seem to be 
formed in much the same way as all or most mixed blue and green 
tanager and honeycreeper flocks (but see also comments below). Like 

12 All the joining and following reactions cited in the subsequent discussion 

of the usual social roles of different species in mixed montane bush flocks were 

distinguished by the same criteria as in this count. 
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the mixed blue and green tanager and honeycreeper flocks, they seem 
to be formed more frequently and include more birds of more species, 
on the average, during the nonbreeding season than during the breed- 
ing season. They are also more common and tend to be larger in the 

early morning than at other times of the day. 
Many of the higher-altitude mixed montane bush flocks seem to 

have definite ranges, and tend to move through their ranges along 

definite and rather stereotyped pathways. They tend to visit the same 
sites in more or less the same sequence again and again on the same 

day and on successive days. 
Some of the members of the higher-altitude montane bush alliances 

seem to be purely insectivorous, but others eat fruits and seeds as well 
as insects. All spend most of their time feeding while they remain 
in the flocks. As in the case of the members of the blue and green 
tanager and honeycreeper alliance, however, it is obvious that indi- 

viduals of different species of the higher-altitude montane bush al- 
liances are sometimes attracted to one another by some social factor 
or factors in addition to, or instead of, the direct stimulus of food 

(see below). It was my impression, in fact, that members of the 
higher-altitude montane bush alliances are attracted to one another 

by purely social factors, apart from food, more frequently than are 
members of the blue and green tanager and honeycreeper alliance. 

Unlike the members of most blue and green tanager and honey- 
creeper flocks, the members of most higher-altitude mixed montane 

bush flocks are frequently scattered through many different levels of 
vegetation. It is very common to see higher-altitude mixed montane 
bush flocks that include some birds feeding and moving on or near 
the ground, other birds feeding and moving in moderately low shrub- 
bery, and still others feeding and moving in the treetops, all at the 

same time. 

(Some of the mixed montane bush flocks above 6,000 feet on the 
Volcan de Chiriqui appeared to be accompanied by one, two, or three 
squirrels (probably Sciurus granatensis).14° The associations between 
these squirrels and the mixed bird flocks were not very close, as the 
squirrels were always, or almost always, several feet away from the 

nearest birds; but the squirrels occurred in the general vicinity of 
mixed flocks more frequently than would seem likely by chance alone. 

It may be significant, in this connection, that these squirrels are 

noisy animals, frequently uttering sharp chattering calls that are 

13J am indebted to Dr. Charles O. Handley, Jr. (in litt.), for the probable 

identification of these squirrels. 
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reminiscent of the calls of some thicket-inhabiting finches (but not 
the finches usually occurring in mixed montane bush flocks on the 
Volcan de Chiriqui). The squirrels may tend to enchance the con- 
spicuousness and the attractiveness of the mixed bird flocks with 

which they are associated. ) 

Brief observations of the lower-altitude mixed montane bush flocks 

on the Volcan de Chiriqui would suggest that they are usually more 

loosely organized than the higher-altitude mixed montane bush flocks. 

It has already been mentioned that the lower-altitude mixed montane 

bush flocks frequently include more species than the higher-altitude 

flocks ; but they usually include relatively few individuals of the spe- 
cies that play the most important nuclear roles in the higher-altitude 

flocks. The structure of the lower-altitude mixed flocks is similar to 

that of the higher-altitude mixed flocks insofar as the members of the 

lower-altitude flocks may also occur at many different levels of vegeta- 

tion; but the associations between most of the common species of the 

lower-altitude flocks seem to be briefer, on the average, than the asso- 

ciations between most of the common species of the higher-altitude 

flocks. Interspecific joining and following reactions seem to be com- 

paratively rare in the lower-altitude mixed montane bush flocks; but 

interspecific supplanting attacks are comparatively common, much 

more so than in the higher-altitude mixed montane bush flocks, and 

perhaps as common as in mixed blue and green tanager and honey- 

creeper flocks. 

THE ROLES OF DIFFERENT SPECIES WITHIN MIXED FLOCKS 

BROWN-CAPPED BUSH-TANAGER 

The usual social role of brown-capped bush-tanagers in mixed spe- 

cies flocks, especially at moderately high altitudes, is very similar to 

that of plain-colored tanagers in blue and green tanager and honey- 

creeper flocks. 

Brown-capped bush-tanagers are frequently joined and followed by 

individuals of many other species, much more frequently than they 

themselves join and follow individuals of other species. 

As in the case of the plain-colored tanagers, the usual social role 

of brown-capped bush-tanagers in mixed flocks seems to be largely 

or completely a consequence of their social behavior apart from mixed 

flocks. Some of the intraspecific social behavior patterns of the two 
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species are even more strikingly similar than their interspecific rela- 

tions. 

Brown-capped bush-tanagers are highly gregarious among them- 
selves in almost exactly the same way as plain-colored tanagers. Dur- 

ing the nonbreeding season most brown-capped bush-tanagers tend to 
associate with one another in rather stable groups of 4 to 8 or Io 

individuals. Many or most of these groups appear to be composed of 
more than one family (i.e., parents and one brood of young). Indi- 

vidual birds, pairs, and family groups are seldom territorial during 

the nonbreeding season, or, at least, seldom defend territories for any 

appreciable continuous length of time. Some individuals, apparently 

adult males, may show indications of territorial defense for a few 

minutes, especially very early in the morning and late in the after- 

noon during the nonbreeding season, but such behavior is apparently 

always very brief at this season. During the breeding season, the 

larger groups of brown-capped bush-tanagers tend to break up. Pairs 

and apparently unmated single birds separate comparatively frequently 
and remain on individual territories for comparatively long periods of 

time. They usually spend most of the mornings, at least, on their own 
territories, but large groups are still re-formed occasionally, especially 
in the afternoons. I have seen flocks of brown-capped bush-tanagers 

during the later part of the courtship phase of the breeding season 

that were quite as large as any flocks of the same species observed 

during the nonbreeding season. 

This high degree of intraspecific gregariousness is correlated with 

the usual types of movements and calls. Brown-capped bush-tanagers 

are very restless, almost constantly active, moving from bush to bush 

and tree to tree with very great rapidity. They are also very noisy 

(see comments below, in the discussion of the sooty-capped bush- 
tanager). They frequently perform exaggerated wing-flicking and 

tail-flicking movements, very much like the corresponding movements 

of plain-colored tanagers. They also utter many loud and hard call 

notes and rattling calls which are almost equally reminiscent of the 

most common calls of plain-colored tanagers. Some of these similari- 
ties between the two species are probably due to convergence, as there 
are indications that the genera Chlorospingus and Tangara are not 

very closely related to one another. Chlorospingus is probably more 

closely related to some of the bush-finches and/or the Ramphocelus 

tanagers, while Tangara is probably more closely related to some of 

the tanagers usually included in the genus Thraupis; and neither 
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Chlorospingus nor Tangara seems to be particularly primitive among 

tanagers.** 

It seems likely, therefore, that much of the attractiveness of brown- 

capped bush-tanagers to individuals of other species is due to their 
possession of special characters that were originally evolved to pro- 
mote intraspecific gregariousness. Individuals of other species are 
probably usually or frequently attracted to them by the same charac- 
ters that attract brown-capped bush-tanagers to one another; but 

there are certain obvious exceptions to this general rule. 

Brown-capped bush-tanagers frequently dispute among themselves, 
even during the nonbreeding season when they associate with one 
another in relatively large groups. During such disputes they usually 
utter many hostile vocalizations. All or most of these vocalizations 
seem to function as a threat during intraspecific encounters. When 
uttered by one brown-capped bush-tanager they usually induce other 

brown-capped bush-tanagers to retreat, at least temporarily. 

There is some evidence that brown-capped bush-tanagers tend to 
utter relatively more vocal threat patterns and perform relatively 
fewer overt attack movements during intraspecific disputes than do 
many related species in similar circumstances. This may be an adapta- 
tion to promote intraspecific gregariousness, as vocal threats are prob- 
ably less disruptive within a flock than overt attack movements. 

Interestingly enough, the vocal threat patterns of brown-capped 
bush-tanagers may have an effect upon individuals of other species, 
which is just the reverse of their usual effect upon other brown-capped 

bush-tanagers. The sound of all or most of their threat calls seems 
to be definitely attractive to individuals of some other species. This 
may be illustrated by the behavior of some birds observed at approxi- 
mately 5,700 feet elevation on the Volcan de Chiriqui between Octo- 
ber 3 and October 10, 1960. There were two or three pairs of family 
groups of brown-capped bush-tanagers in this particular area at this 

time. They roosted separately at night and began to move around and 
feed separately at dawn. They were usually rather quiet when they 
first began to move around and feed, and were not usually accom- 
panied by individuals of other species. Sooner or later, in the course 
of their wanderings, two of the pairs or family groups would come 
face to face, apparently by accident. Such encounters would induce 

an outburst of threat calls by some or all of the brown-capped bush- 

14 The phylogenetic relationships between different genera of tanagers and 

finches will be discussed in a series of separate papers (in preparation) after 

more detailed descriptions of their most significant behavior patterns. 
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tanagers involved. As soon as this outburst occurred, the brown- 
capped bush-tanagers were usually joined by individuals of other spe- 
cies, such as yellow-thighed finches or red-faced spinetails, who had 
been ignoring them until they became very noisy. The disputes 
between the brown-capped bush-tanagers usually subsided after a few 
minutes. The disputing birds either separated or joined up with one 
another to form a more or less amicable flock. In either case, some 

or all of the brown-capped bush-tanagers were usually followed for 
long periods of time after the end of the dispute by some or all of the 

individuals of other species that had been attracted by the sound of the 

dispute. 
(Occasionally, but relatively very rarely, a brown-capped bush- 

tanager is also attracted by the sound of other brown-capped bush- 
tanagers uttering threat calls during a dispute. It may then fly to 
join the disputing birds and utter threat calls itself and/or actually 
begin to fight with the other birds. This would suggest that the sound 
of threat calls by one brown-capped bush-tanager usually or always 
stimulates both the attack and escape drives of other brown-capped 

bush-tanagers that hear the calls. The escape drives of the birds that 
hear such calls are probably usually or always stimulated more 
strongly than their attack drives ; but their attack drives are apparently 

stimulated strongly enough to be expressed by overt activity in some 

cases. 

There are indications that the reactions of individuals of other 
species that are attracted by the sounds of the threat calls of brown- 
capped bush-tanagers are seldom or never produced by the same moti- 
vation as the similar reactions of other brown-capped bush-tanagers. 
Individuals of other species that are attracted by the sounds of the 
threat calls of brown-capped bush-tanagers seldom or never perform 
hostile patterns themselves after joining the brown-capped bush- 
tanagers. Their reactions seem to be usually or always essentially 
“friendly.” They apparently recognize the threat calls of brown- 
capped bush-tanagers as calls of a species with which they are accus- 

tomed to associate ; but they seldom or never react as if they under- 

stood the hostile significance of such calls.) 

The reactions of individuals of other species to the threat calls of 

brown-capped bush-tanagers might suggest that the usual social role 

of the latter in mixed flocks is largely determined by their vocal pat- 
terns rather than their movements or their physical appearance; but 
the effect of their vocal patterns is probably reinforced by some or all 
of their other characteristics. It is possible, for instance, that the 
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role of brown-capped bush-tanagers in mixed flocks is facilitated by 
their tendency to range through many different levels of vegetation. 
They are most often found moderately high (approximately 10 to 40 

feet above the ground) in medium-sized trees and tall shrubbery ; but 
they also occur in the tops of very tall trees and in very low shrubbery 
only a few inches above the ground. They probably occur at both 
extreme levels of vegetation more often than individuals of most 
other species of the montane bush alliances ; and they frequently move 
from one extreme to the other or alternate between the two extremes 

very rapidly. Thus they tend to encounter a wide diversity of individ- 

uals of many different species, including species that are rather strictly 
confined to comparatively narrow levels of vegetation. 

It is my impression that brown-capped bush-tanagers tend to play a 

less important role in lower-altitude mixed montane bush flocks, be- 

low approximately 5,200 feet, than in higher-altitude mixed mon- 

tane bush flocks. They seem to be joined and followed by individuals 
of other species relatively less frequently in the lower-altitude flocks 
than in the higher-altitude flocks. Part or all of this difference seems 

to be due to the fact that brown-capped bush-tanagers are usually rela- 
tively less conspicuous in the lower-altitude flocks. They tend to be 

relatively rare at lower altitudes. The lower-altitude flocks also tend 

to include individuals of more species than the higher-altitude flocks ; 
and some of the species that occur in lower-altitude flocks but not in 
higher-altitude flocks are very noisy and/or very restless. Thus the 
attention of the other members of the lower-altitude mixed flocks is 
more often distracted, i.e., diverted from the brown-capped bush- 
tanagers, than is that of the other members of the higher-altitude 
mixed flocks. 

The brown-capped bush-tanager must be classified as a passive 
nuclear species. Its social role in mixed flocks is not, however, quite 

as one sided as that of the plain-colored tanager. It seems to join and 
follow individuals of other species slightly more frequently than do 

plain-colored tanagers. . 

The range of the brown-capped bush-tanager on the Volcan de 

Chiriqui overlaps that of the sooty-capped bush-tanager to some ex- 

tent. Brown-capped bush-tanagers may react to sooty-capped bush- 
tanagers more strongly than they do to individuals of many other 

species. At least I have heard them begin to utter hostile calls when 
they heard sooty-capped bush-tanagers utter hostile calls in the dis- 

tance. But such reactions are relatively very rare and very brief. I 

have never heard brown-capped bush-tanagers utter more than a few 
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hostile calls in response to sooty-capped bush-tanagers. They react to 
sooty-capped bush-tanagers much less frequently and less strongly 
than might be expected in view of the fact that the two species may 
occupy the same habitats, are rather similar in physical appearance, 
and have very similar repertories of calls, display movements, and pos- 

tures. The few definite social reactions of brown-capped bush- 

tanagers to sooty-capped bush-tanagers probably occur when the 

former mistake the latter for suboptimal members of their own 

species. 

Brown-capped bush-tanagers are more responsive to yellow-thighed 
finches, which are very different from brown-capped bush-tanagers in 

appearance and have some rather different habits, but are common 

throughout the range of brown-capped bush-tanagers on the western 

slopes of the Volcan de Chiriqui. 

Brown-capped bush-tanagers react to the hostile calls of yellow- 
thighed finches more frequently and more vigorously than they do 
to those of sooty-capped bush-tanagers. I have seen single brown- 

capped bush-tanagers fly considerable distances to join groups of 
yellow-thighed finches that were disputing among themselves and 

uttering many hostile calls. These brown-capped bush-tanagers usually 

uttered many hostile calls of their own after joining the yellow-thighed 
finches, sometimes continuing to utter these calls as long as the yellow- 

thighed finches continued disputing among themselves. These inci- 

dents occurred near the upper border of the range of brown-capped 
bush-tanagers on the western slopes of the Volcan de Chiriqui, in 

which area these birds are relatively rare. It is possible, therefore, 
that the single brown-capped bush-tanagers that reacted so vigorously 

to the hostile calls of yellow-thighed finches did so because they were 

unable to associate with and perform their usual hostile behavior with 

other individuals of their own species. Their hostile motivation may 
have “accumulated” because it could not be vented in its usual way, 
and then “overflowed” upon suboptimal objects that would not have 

released hostility in other circumstances. The reactions of these single 
brown-capped bush-tanagers were particularly interesting, neverthe- 
less, because the hostile calls of yellow-thighed finches are very dif- 

ferent from any calls of brown-capped bush-tanagers and because the 

same brown-capped bush-tanagers that reacted to the hostile calls of 

yellow-thighed finches usually ignored all the calls of sooty-capped 
bush-tanagers in the same neighborhood. 

I once heard a single territorial brown-capped bush-tanager near 

the upper border of the range of the species utter many hostile calls 
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which were obviously provoked by and directed toward a silent yellow- 

thighed finch some yards away. This reaction was presumably an 
even more extreme case of “overflow.” 

Brown-capped bush-tanagers also seem to join and follow yellow- 
thighed finches slightly more frequently than they do individuals of 
any other species; but this may be due to the fact that they are more 
often in closer proximity to yellow-thighed finches than to individuals 
of other species, as a result of the behavior of yellow-thighed finches 
(see below). 

THE SOOTY-CAPPED BUSH-TANAGER 

The sooty-capped bush-tanager is very similar to the brown-capped 
bush-tanager in general activity and methods of feeding as well as 
display patterns. It was seen in low shrubbery relatively more fre- 
quently than brown-capped bush-tanagers on the Volcan de Chiriqui; 
but this may have been largely or completely due to the fact that there 
were fewer tall trees in most of the areas where sooty-capped bush- 
tanagers were studied than in most of the areas where brown-capped 
bush-tanagers were studied. 

It is perhaps remarkable, therefore, that sooty-capped bush-tanagers 

are much less gregarious among themselves than are brown-capped 

bush-tanagers. They seldom or never form flocks larger than a single 

family group of a pair of adults plus their most recent brood of young. 
Each pair or family group seems to defend its own particular terri- 

tory throughout the year, including the breeding season. 
Sooty-capped bush-tanagers also seem to play a less important role 

in mixed flocks than brown-capped bush-tanagers. They are joined 
and followed by individuals of other species more often then they 
themselves join and follow individuals of other species, and the actual 
frequency with which they are joined and followed is usually quite 
high; but they are certainly joined and followed by individuals of 
other species relatively less frequently than are brown-capped bush- 

tanagers. There are also some indications that sooty-capped bush- 

tanagers may join and follow individuals of other species relatively 
(but probably not actually) more frequently than do brown-capped 

bush-tanagers. 
As in the case of the brown-capped bush-tanagers, the vocalizations 

of sooty-capped bush-tanagers seem to be more attractive than their 
movements to individuals of other species. They probably do not utter 
calls as frequently, on the average, as do brown-capped bush-tanagers, 
and they are sometimes almost completely silent for several minutes 
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at a time. (This is presumably correlated with the lesser degree of 
intraspecific gregariousness shown by sooty-capped bush-tanagers. ) 

It is very obvious that they are joined and followed by individuals 

of other species much less frequently when they are silent, even when 

they are very active, than when they are vocal, even when they are 
not very active. The hostile calls of sooty-capped bush-tanagers, a 
sound very much like the corresponding calls of brown-capped bush- 

tanagers, also seem to be considerably more attractive to individuals of 

other species than many or all of their nonhostile calls (see below). 

Sooty-capped bush-tanagers are sometimes attracted by the hostile 
calls of yellow-thighed finches in very much the same way as are 
brown-capped bush-tanagers. (I have not seen sooty-capped bush- 

tanagers react to the hostile calls of brown-capped bush-tanagers, per- 

haps because brown-capped bush-tanagers were relatively rare in the 

areas where I saw the two species together. ) 

The sooty-capped bush-tanager may thus be considered a passive 
nuclear species ; but it is less effective as such than the brown-capped 
bush-tanager. 

THE BASILEUTERUS WARBLERS 

Black-cheeked warblers were not as common as bush-tanagers in 
the areas where mixed montane bush flocks were studied most inten- 

sively ; but they were observed frequently enough to discover their 
usual social role in at least some types of mixed flocks. 

Black-cheeked warblers seem to be approximately as gregarious 

among themselves as are sooty-capped bush-tanagers, which they 

resemble in several ways, but are more strictly confined to moderately 

low shrubbery. They are very much like sooty-capped bush-tanagers 
in physical appearance. The two species are similar in shape, and 
their plumage looks very much the same at a distance in the field. Both 
species appear to be big headed and plump bodied, generally olive in 
color, with blackish heads marked by light chins and whitish lines 
above and behind the eyes. Black-cheeked warblers are less frequently 
vocal than sooty-capped bush-tanagers ; but their most common vocal 

patterns, including sharp call notes and rattles, are reminiscent of 

both the bush-tanagers. These similarities are not likely to be coin- 
cidental. They may be some form of mimicry. 

In one area on the Volcan de Chiriqui, just below 7,000 feet, where 
sooty-capped bush-tanagers were quite common, black-cheeked war- 

blers joined and followed individuals of other species, and were also 
joined and followed by individuals of other species moderately fre- 
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quently. They joined and followed individuals of other species rela- 
tively more frequently than did the sooty-capped bush-tanagers in the 
same area (in the same patches of shrubbery), and were joined and 
followed by individuals of other species relatively less frequently 

than were the sooty-capped bush-tanagers. The role of the black- 
cheeked warblers in the mixed flocks of this area appeared to be only 
slightly nuclear, and almost exactly intermediate between passive and 

active. 

In another area, slightly above 7,000 feet, sooty-capped bush-tana- 
gers were comparatively rare, and black-cheeked warblers appeared to 
be joined and followed by individuals of other species relatively more 
frequently than in the area below 7,000 feet. All the species which 
joined and/or followed the black-cheeked warblers above 7,000 feet 
also occurred in the same area as the black-cheeked warblers below 
7,000 feet. This would suggest that black-cheeked warblers may take 

the place of sooty-capped bush-tanagers in mixed flocks in areas 

where the latter are rare or absent (and brown-capped bush-tanagers 

are absent). 
There was no evidence that black-cheeked warblers have a special 

interspecific preference for sooty-capped bush-tanagers, or that the 
latter have a special interspecific preference for the former in either 

of the areas where the two species were seen together. It is con- 

ceivable, therefore, that one of these species has become more like 

the other, or that they are convergent, in voice and appearance, in 

order to facilitate associations with other species. It may be advan- 

tageous for the black-cheeked warbler and/or the sooty-capped bush- 
tanager to be joined and/or followed by individuals of other species. 

If associations with other species are advantageous to the black- 

cheeked warbler, then it may be advantageous for it to resemble the 

sooty-capped bush-tanager because individuals of other species tend 

to join and follow sooty-capped bush-tanagers. If associations with 

other species are advantageous to the sooty-capped bush-tanager, it 

may be advantageous for it to resemble the black-cheeked warbler be- 
cause individuals of other species tend to join and follow black- 

cheeked warblers. If associations with other species are advantageous 

to both the black-cheeked warbler and the sooty-capped bush-tanager, 

the similarities between them may tend to increase the frequency 

and/or speed with which individuals of other species join and follow 

both of them, as individuals of other species may become conditioned 

more rapidly and easily to the essentially single set of stimuli actually 

presented by both the black-cheeked warbler and the sooty-capped 
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bush-tanager than they would to the two sets of stimuli which would 
be presented by the two species if they were not so similar to one 

another. 

Black-cheeked warblers join and follow yellow-thighed finches more 

frequently than they do individuals of any other species and relatively 
more frequently than do brown-capped bush-tanagers. They may have 

a definite special interspecific preference for yellow-thighed finches. 

Golden-crowned warblers were seen in the lower-altitude mixed 
montane bush flocks slightly above 5,000 feet on the western slopes 

of the Volcan de Chiriqui. They appeared to be rather strongly 
gregarious among themselves (see also Eisenmann, 1957) and to play 

an important nuclear role in some of the lower-altitude mixed flocks. 
Their usual social role in such flocks may be similar to that of brown- 
capped bush-tanagers in many higher-altitude mixed montane bush 
flocks. 

YELLOW-THIGHED FINCH 

Social relationships between yellow-thighed finches and individuals 
of many other species are extremely significant factors in the organi- 
zation of most higher-altitude mixed montane bush flocks on the Vol- 
can de Chiriqui. Yellow-thighed finches can play two different roles in 
such flocks, and may play either one or both of these roles simultane- 

ously and/or successively. They probably occur in the higher-altitude 
mixed montane bush flocks of the Volcan de Chiriqui more frequently 

than individuals of any other species, and they range farther up the 

mountain than do brown-capped bush-tanagers. 

They tend to react actively to individuals of almost all the other 

species they encounter. They usually join and follow individuals of 

most other species much more frequently than they are joined and 
followed by individuals of most other species. They do not, however, 

perform joining and following reactions equally frequently. They 

tend to follow individuals of most other species much more frequently 

than they join individuals of the same other species. The actual num- 

ber of joining reactions performed by yellow-thighed finches in most 

higher-altitude mixed montane bush flocks is usually quite large, but 

always, or almost always, much smaller than the number of following 

reactions performed at more or less the same time. They certainly 

follow individuals of other species without actually joining them much 
more frequently than do any other members of any of the montane 

bush alliances. 
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Some other species of the montane bush alliances tend to perform 
many more interspecific joining reactions than interspecific following 
reactions (see below). The marked contrast between certain species 
that are primarily followers and others that are primarily joiners is 

one of the most characteristic features of mixed montane bush flocks, 

which are quite different from mixed blue and green tanager and 
honeycreeper flocks in this respect. All or most of the active nuclear 
and attendant species in mixed blue and green tanager and honey- 

creeper flocks cannot be classified as either followers or joiners in the 
same way as some species of the mixed montane bush flocks. 

All other factors being equal, individuals of all or most species 
would probably usually prefer to follow rather than join individuals 
of other species. By following, a bird can associate with another bird 
without coming too close, which might provoke a dispute. In some 

circumstances, however, following tends to be more difficult than 

joining. The ease or difficulty of following or joining is often largely 

dependent upon the nature of the vegetation in which such reactions 

occur. 

Yellow-thighed finches may be able to follow so much more fre- 
quently than to join because they are essentially birds of thickets and 

low shrubbery. They sometimes go fairly high into trees, 20 or 30 

feet above the ground, but only in certain exceptional situations. They 
seldom or never do so except when there is a thick curtain of shrub- 

berylike vegetation extending continuously or nearly continuously 

from the ground up to a higher level, e.g., when there are thick tangles 

of vines extending from just above the ground to the higher branches 

of trees. 

Individuals of other species that also occur in thickets and low 

shrubbery on the Volcan de Chiriqui also tend to perform more inter- 
specific following reactions than interspecific joining reactions as long 
as they remain in thickets and low shrubbery. This is true of the bush- 
tanagers and black-cheeked warblers, as well as individuals of several 

less passive species (see below). On the other hand, individuals of 

at least some active species of the montane bush alliances tend to per- 
form more interspecific joining reactions than interspecific following 

reactions when they are in high shrubbery and trees (see below). 

They may also perform relatively more interspecific joining reactions 

when they are in high shrubbery and trees than when they are in low 

shrubbery and thickets. 

The explanation of all or most of these differences is fairly obvious. 
Low shrubbery and thickets tend to be denser than high shrubbery and 
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trees, and twigs and branches that birds can use as perches tend to be 
much closer together in thickets and low shrubbery than in high shrub- 
bery and trees. Birds moving through thickets and low shrubbery can 

usually regulate their distances from one another more or less at will, 

because they can move by very short stages, hopping or flying between 
perches that are only a few inches apart. Such birds can usually follow 
one another without joining whenever they want to. Birds moving 
through trees do not always have the same freedom of choice. They 

may have to move from tree to tree by comparatively long flights 
because the trees are not very close together, and may not be able to 
regulate their distances from one another as precisely as can birds in 
thickets and low shrubbery. They may have to bunch up in certain 
particular trees, i.e., perform joining reactions, if they are to keep in 
touch with one another at all.?° 

In the case of yellow-thighed finches there is also another factor 
involved. These birds in thickets and low shrubbery are often at- 
tracted to individuals of other species that are moving through higher 
vegetation more or less distinctly separated by a layer of open space 
from the underlying low vegetation. In such circumstances the yellow- 
thighed finches are usually prevented from trying to join the individ- 
uals of other species by their reluctance to move through the open 
space. 

Although yellow-thighed finches will follow and join individuals of 

almost any other species, they seem to prefer to follow brown-capped 

bush-tanagers when the latter are common, sooty-capped bush-tana- 
gers when brown-capped bush-tanagers are rare or absent, and black- 

cheeked warblers at high altitudes where brown-capped bush-tanagers 
are absent and sooty-capped bush-tanagers are rare or absent. 

The marked special interspecific preference of yellow-thighed 
finches for brown-capped bush-tanagers is also shown in several other 
ways. Yellow-thighed finches are often attracted by the hostile as well 
as the nonhostile vocal patterns of brown-capped bush-tanagers. They 
do not seem to react as positively to the hostile calls of any other 

species as they sometimes do to those of brown-capped bush-tanagers. 
Yellow-thighed finches also tend to follow brown-capped bush- 

15 The frequencies of interspecific reactions by members of the blue and green 

tanager and honeycreeper alliance are also affected by density of vegetation. 

Individuals of most species of this alliance tend to perform relatively more 
interspecific following reactions in environments such as the clearing on Barro 

Colorado Island, where the treetops form a continuous band of vegetation 

around the edge of the clearing, than in environments such as the areas near 

Gamboa and Frijoles, where trees are more scattered. 
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tanagers for longer periods of time than they do individuals of other 
species, and sometimes follow them at greater distances than they do 
individuals of other species. I have seen a pair of yellow-thighed 
finches in low shrubbery follow a flock of brown-capped bush-tanagers 
moving through trees above the shrubbery for several hours at a time, 
and repeatedly follow the same flock on several successive days, in 
spite of the fact that the brown-capped bush-tanagers were usually 

30 to 50 feet above and approximately 20 feet ahead of them. 

It is often particularly clear that yellow-thighed finches and brown- 
capped bush-tanagers are not obtaining extra food by associating with 

one another. In the case of the association cited immediately above, 
for instance, the brown-capped bush-tanagers were usually feeding on 
insects while the yellow-thighed finches following far below and 

behind them were usually feeding on fruit and other vegetable matter. 

Yellow-thighed finches usually do not react to brown-capped bush- 

tanagers that are more than 50 feet above them, or to individuals of 
most other species that are as much as 30 feet above them. Thus they 
have almost no contact with individuals of those species of the mon- 

tane bush alliances that usually remain in or near the tops of tall trees. 

As a general rule yellow-thighed finches tend to follow and join 
individuals of all other species more frequently when the latter are 

being vocal than when they are silent. 

Yellow-thighed finches are gregarious among themselves in much 
the same way and to approximately the same extent as sooty-capped 

bush-tanagers and black-cheeked warblers. Individual pairs and fam- 

ily groups seem to defend individual territories throughout the year 

(see below). Rather surprisingly, however, yellow-thighed finches 
have many characters that are strongly reminiscent of characters of 

other species that are more highly gregarious among themselves. 

Yellow-thighed finches are remarkably conspicuous. Their gen- 

erally black plumage is usually easy to see against a background of 

shrubbery. Their yellow thighs seem to be flash patterns, which func- 
tion in the same way as the bright wing and/or tail patches of many 
other gregarious species. They hop very frequently, and their yellow 

thighs are revealed very conspicuously when they hop. They are not 
very shy, and are much less skulking than the other bush finches, e.g., 
the species of the genus Atlapetes, which may be their nearest rela- 

tives. They usually move in a peculiar floppy, clumsy-looking way, 

which tends to attract the eye of any observer. They are also noisy. 

They usually utter one or more types of call notes almost constantly 

as they move through the shrubbery. Whenever one bird of a pair 
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or family group comes very close to another, as happens very fre- 
quently, one (or more) of the birds usually utters a moderately loud, 
twittering, greeting call. During obviously hostile territorial disputes 
between neighboring yellow-thighed finches, the disputing birds usu- 
ally utter harsher, louder versions of the same twittering call. These 

hostile calls sometimes appear to be attractive to individuals of several 
other species, in addition to the bush-tanagers cited above. 

None of the other members of the montane bush alliances is as gen- 
erally and consistently conspicuous as yellow-thighed finches. The 

conspicuous characters of yellow-thighed finches contribute greatly to 

the general conspicuousness of the mixed flocks with which they are 
associated, and sometimes seem to attract individuals of other species 
to themselves. It is possible that the production of either one or both 
of these effects is the primary function of these characters, i.e., the 
principal adaptive advantage they were originally evolved to secure. 

If so, this would be a rather unusual specialization. None of the 

other Panamanian finches, tanagers, or honeycreepers seems to have 

developed as extreme a group of conspicuous characters as an adapta- 
tion to stimulate the formation and maintain the cohesion of mixed 
flocks but not unmixed flocks. 

It should be noted that the geographical distribution of yellow- 
thighed finches is not very wide (see below). It seems unlikely that 

they are more gregarious among themselves in other areas than they 

are on the Volcan de Chiriqui, where they are very abundant. 
Yellow-thighed finiches are sometimes joined and/or followed by 

individuals of other species with some appreciable frequency; but 
it is probably only in certain flocks composed of yellow-thighed 

finches and yellow-throated bush-finches alone that they are ever con- 

sistently joined and followed by individuals of another species more 
frequently than they join and follow individuals of other species. 

THE EFFECTS OF THE TERRITORIAL BEHAVIOR OF CERTAIN SPECIES 

UPON CERTAIN MIXED FLOCKS 

It has already been mentioned several times that individuals of sev- 

eral different species are attracted by the hostile calls of yellow-thighed 
finches and/or sooty-capped bush-tanagers, and that mated pairs and 
family groups of many territorial species associate with mixed flocks. 
These factors interact in a rather interesting way in mixed montane 

bush flocks just below 7,000 feet on the western slopes of the Volcan 
de Chiriqui, where both sooty-capped bush-tanagers and yellow- 
thighed finches are common. 
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In this area the members of a pair or family group of sooty- 
capped bush-tanagers will sometimes try to follow a mixed flock, with 
which they have been associating while the flock was in their ter- 
ritory, when the flock leaves their territory. Such attempts are sel- 
dom or never successful. As soon as the members of a pair or family 

group of sooty-capped bush-tanagers overstep the boundary of their 

territory, they find themselves within the territory of another pair or 
family group of sooty-capped bush-tanagers. The owners of this latter 

territory always, or almost always, rush to defend their territory, and 
always, or almost always, manage to repel the intruders after a 
more or less prolonged dispute. Such disputes are usually accom- 
panied by a great variety of hostile patterns by both the intruders and 

the defenders, including overt attack and escape movements and many 
hostile calls and notes. Similar incidents are common among the yel- 
low-thighed finches in the same area. Yellow-thighed finches also try 
to follow mixed flocks into the territories of neighbors of their own 

species, and provoke similar disputes as a result. 

The overt attack and escape movements performed during such 
disputes among sooty-capped bush-tanagers and _ yellow-thighed 
finches tend to have a disruptive effect upon any mixed flock in which, 
or in the immediate vicinity of which, they occur. The other mem- 
bers of the flock tend to scatter to get out of the way of the disput- 
ing birds, which usually fly back and forth in a very energetic man- 
ner. At the same time the hostile calls and notes of the disputing 
birds are so attractive to birds of other species that the other mem- 
bers of the flock do not usually scatter very far, and other birds that 
were not associated with the flock before the dispute began may come 

to join it. As a general rule it may be said that most of the mixed 
montane bush flocks of this area are never more attractive than when 
disputes among sooty-capped bush-tanagers and/or yellow-thighed 

finches are going on inside them. Thus they are most attractive just 

at the time when they are in greatest danger of disruption. This may 

tend to prolong the existence of many of these mixed flocks. 

Such actions and reactions are particularly important in the 

flocks slightly below 7,000 feet because the territories of sooty- 

capped bush-tanagers and yellow-thighed finches tend to coincide in 

this area. The territories of both species are partly determined by 

the same aspects of terrain and vegetation, and boundaries are usu- 

ally established where there are gaps in the shrubbery. Both species 
tend to react to these gaps in the same way. Every patch of shrub- 

bery in this area that is the territory of a single pair or family group 
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of sooty-capped bush-tanagers is usually also the territory of a single 

pair or family group of yellow-thighed finches. Thus whenever a 
mixed flock moves over a gap in the shrubbery in this area it tends 

to provoke a dispute among both sooty-capped bush-tanagers and 

yellow-thighed finches. Similar reactions probably occur among indi- 
vidiuals of the same and other species associated with mixed mon- 
tane bush flocks in other areas on the Volcan de Chiriqui; but they 
are usually or always less conspicuous. 

YELLOW-THROATED BUSH-FINCH 

Yellow-throated bush-finches seem to occur in mixed montane bush 
flocks much less frequently than either of the bush-tanagers, the 
black-cheeked warblers, or yellow-thighed finches, in spite of the fact 
that they are common over a wider range of altitudes than any of 

these latter species. They do, however, follow and join individuals 
of other species occasionally. They are most likely to follow and join 

yellow-thighed finches, probably at least twice as often as they fol- 

low and join individuals of any other species frequently associated 
with mixed montane bush flocks. 

As yellow-throated bush-finches live in thickets-and low shrubbery, 
it might be supposed that their occasional associations with yellow- 
thighed finches were purely coincidental ; but there is some evidence 
that a slight but definite special interspecific preference is also in- 
volved. Yellow-throated bush-finches follow and join yellow-thighed 
finches relatively more frequently than do chestnut-capped bush- 

finches (Aftlapetes brunnet-nucha) or large-footed finches (Pezopetes 
capitalis), which also occur in thickets in some of the same areas on 
the Volcan de Chiriqui. 

Yellow-throated bush-finches are conspicuously colored, but shy, 

skulking, and quiet. They seem to be followed and joined by indi- 
viduals of other species less frequently than they follow and join indi- 
viduals of other species. 

FURNARIIDS 

A very large proportion of the species of the family Furnariidae 

(sensu lato, including the tree-creepers or dendrocolaptids) are fre- 
quently associated with mixed flocks of one type or another ; but the 
red-faced spinetail was the only species of furnariid studied in detail 

during the present investigation. 

Red-faced spinetails usually occur moderately high in trees, al- 



94 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

though they may come down to low shrubbery from time to time. They 
are very inconspicuous birds, not very brightly colored, usually very 
quiet, and not very gregarious among themselves. Single birds, pairs, 
and family groups of this species are usually found widely separated 
from one another, and are probably territorial. 

Red-faced spinetails are joined and followed by individuals of 

other species very rarely, but they join and follow individuals of 
other species very frequently. They seem to be particularly strongly 

attracted to brown-capped bush-tanagers, and tend to join them (at 

least when the latter are in trees) much more frequently than they 
follow them (using the terms “join” and “follow” as defined above). 
I have seen the same pair of red-faced spinetails join the same flock 

of brown-capped bush-tanagers repeatedly over a period of several 

hours every morning for seven successive days. 

Brief observations of other furnariids on the Volcan de Chiriqui 

would suggest that all or most of them are similar to red-faced spine- 
tails insofar as they tend to join and follow individuals of other species 
more frequently than they themselves are joined and followed. All or 

most of them probably also tend to join more frequently than follow. 
All these species are primarily or exclusively insectivorous. Some 

of them, such as the tree-creepers and the ruddy tree-runners, usually 

or always feed on insects they find in or on the bark of trees. Such 

species do not seem to derive much benefit in the way of food from 
their associations with mixed flocks. They do not usually feed on 

insects stirred up by other members of the flocks. 

SILVER-THROATED TANAGER 

On the western slopes of the Volcan de Chiriqui, silver-throated 
tanagers are rather common slightly above 5,000 feet, and extend in 
decreasing numbers up to at least 6,000 feet. In this area they are 
sometimes associated with mixed montane bush flocks, but they do 
not seem to be regular members of such flocks, and sometimes de- 
liberately refrain from joining them. When they do associate with 

mixed flocks they are seldom or never closely integrated with the 

other members of the flocks. They are essentially birds of the treetops, 

although they do come down to low shrubbery, almost to the ground, 

occasionally ; and they seem to be more strongly attracted to the very 

heterogeneous lower-altitude mixed flocks, which usually include many 

other arboreal species, than to the less heterogeneous higher-altitude 

flocks, which usually include a large proportion of thicket-inhabiting 

birds. They seem to join and follow individuals of all or most other 
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species more often than they themselves are joined and followed; and 
they join and follow brown-capped bush-tanagers more often than 
they do any other common species of the montane bush alliances. 

Although silver-throated tanagers are not very important members 
of the mixed flocks on the Volcan de Chiriqui, they seem to be asso- 
ciated with such flocks there more closely and more frequently, on the 

average, than with mixed flocks on Cerro Campana (see below). 

(A few brief glimpses of a few speckled tanagers in the very hetero- 

geneous lower-altitude mixed montane bush flocks on the Volcan de 

Chiriqui would suggest that their role in such flocks is probably not 

very different from that of silver-throated tanagers. ) 

WILSON’S WARBLER 

This is another species that plays a very distinctive role in mixed 
montane bush flocks. Wilson’s warblers follow and join individuals 

of other species much more frequently than they are followed and 

joined. They also tend to follow individuals of other species more fre- 
quently than they join individuals of other species. The relative fre- 

quencies of interspecific following and joining reactions performed by 

Wilson’s warblers (at least when they are in shrubbery or low trees) 
are very similar to the relative frequencies of interspecific following 

and joining reactions performed by yellow-thighed finches; but the 

actual numbers of both types of reactions by Wilson’s warblers are 

usually much less than the actual numbers of the same reactions by 
yellow-thighed finches in similar situations. Wilson’s warblers also 

come close to individuals of other species much less frequently than 

do yellow-thighed finches. 

They tend to hang about the outskirts of a remarkably wide 
variety of groups of other species in all the montane forest and 

scrub habitats above 4,500 feet on the Volcan de Chiriqui (they may 

also occur at lower altitudes, but I have not observed the birds of 

lower altitudes). During the part of the year when Wilson’s warblers 

are in Panama, almost every large and medium-sized mixed mon- 
tane bush flock (i.e., almost every flock composed of more than 
two species) is accompanied by a single Wilson’s warbler. Single 
Wilson’s warblers also attach themselves moderately frequently to 
smaller mixed flocks and to single birds, pairs, family groups, and 
larger unmixed flocks of almost every other species of all the mon- 

tane bush alliances, as well as some species that usually remain apart 

from the montane bush alliances. 
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It would thus appear that Wilson’s warblers are almost completely 
undiscriminating in their choice of associates—less discriminating than 
any other species frequently associated with mixed montane bush 

flocks, with the possible exception of summer tanagers (see below). 

They seem to be equally satisfied to become associated with almost 

any other montane passerine birds. This lack of discrimination is 

really quite remarkable. 

It is relatively very rare to see two or more Wilson’s warblers close 

together, or associated with the same mixed flock at the same time, 

because they usually fight among themselves whenever they come 
within 10 or 15 yards of one another. They seem to be very strongly 

territorial in Panama. The fights between Wilson’s warblers are al- 

most always brief and decisive. One bird attacks and the other usually 

flees immediately. Such fights are seldom accompanied by any un- 

usually loud burst of calling or other displays such as are common 

during disputes among bush-tanagers or yellow-thighed finches. The 

inconspicuous nature of such fights may be advantageous, in the case 

of Wilson’s warblers, because it may help to prevent others of this 

species from being attracted to, and attempting to join in, the fights 

when the disputing birds might be unable to repel additional intruders 

very promptly. (Disputes among individuals of many other species 

of birds are sometimes attractive to other individuals of the same 

species as well as other species.) Anything that helps to prevent or 

reduce intraspecific gregariousness is presumably advantageous in the 

case of Wilson’s warblers in Panama. 

Wilson’s warblers are quite conspicuous in other ways, however. 

They are brightly colored, and utter very loud call notes almost con- 

stantly (if not usually very rapidly). As neither their colors nor their 

notes are very different from those of many other species of the mon- 

tane bush alliances, it is perhaps surprising that they are not joined 

and/or followed more frequently by individuals of other species. Their 

comparatively slight attractiveness may be due to their very slight 

degree of gregariousness among themselves in Panama. As noted 

above, single birds are probably always less attractive than pairs or 
larger groups of the same species, all other factors being equal. 

Wilson’s warblers certainly tend to enhance the conspicuousness 
of the mixed flocks with which they are associated and probably, 

therefore, increase the attractiveness of such flocks to other birds; but 

they seem to contribute relatively little, directly, to increase the co- 

hesion of the flocks. 
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SLATE-THROATED REDSTART 

The social relations of slate-throated redstarts with individuals of 
other species on the Volcan de Chiriqui are somewhat reminiscent of 
the corresponding relations of silver-throated tanagers. 

Slate-throated redstarts are very brilliantly colored and very active. 
They are probably more conspicuous visually than individuals of any 
other species of the montane bush alliances, except the closely related 
collared redstarts (see below). They do not, however, play a very 
important role in most mixed montane bush flocks. 

On the western slopes of the Volcan de Chiriqui, slate-throated 
redstarts are common below 6,000 feet, and also occur in smaller 

numbers up to at least 7,000 feet. They occur in many different levels 
of vegetation, from just above the ground to high in tall trees. 
Throughout this wide range they join and follow, and are joined and 
followed by, individuals of many other species; but none of these 

reactions seems to be common enough to suggest that slate-throated 

redstarts have a special interspecific preference for any other species, 
or are the object of any special interspecific preference of any other 
species. Slate-throated redstarts are certainly joined and followed 
by individuals of other species relatively much less frequently than 
are bush-tanagers or black-cheeked warblers, and join and follow indi- 

viduals of other species relatively much less frequently than do 
yellow-thighed finches, many furnariids, or Wilson’s warblers. They 
are joined by the undiscriminating Wilson’s warblers relatively more 

frequently than by yellow-thighed finches or furnariids. 
Associations between slate-throated redstarts and individuals of 

other species also tend to be relatively brief and not very close, and 
would thus appear to be essentially “casual.” In the course of their 
normal activities slate-throated redstarts and individuals of many 
other species tend to encounter one another very frequently, and they 

may stay more or less together for some time; but the slate-throated 
redstarts eventually become separated from the others without any 

obvious signs of reluctance on either side. They probably do associate 
with other species of the montane bush alliances relatively more fre- 

quently than do silver-throated tanagers ; but they probably should not 

be classified as regular members of the mixed montane bush flocks. 

Slate-throated redstarts are not very gregarious among themselves, 
and it is relatively very rare to see more than one or two of them 
associated with the same mixed flock at the same time. When they 
are associated with mixed flocks, they probably produce an effect that 
is not very different from that produced by Wilson’s warblers. Slate- 
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throated redstarts probably also tend to enhance the conspicuousness 
of mixed flocks, without contributing very much, directly, to enhance 

the cohesion of the flocks. 

COLLARED REDSTART 

Collared redstarts are most common above 6,000 feet on the west- 

ern slopes of the Volcan de Chiriqui; but their behavior apart from 
mixed flocks is very similar to that of slate-throated redstarts. It is 
interesting, therefore, that their usual social role in mixed flocks is 
much more important than that of slate-throated redstarts. 

Collared redstarts tend to join individuals of other species rela- 
tively much more frequently than do slate-throated redstarts. Their 
usual method of joining is very distinctive. They seldom fly directly 
to join other birds, but make short flights to catch insects, and then 
tend to land beside individuals of other species when they return 
from their insect-catching flights. Slate-throated redstarts also make 

short flights to catch insects; but they do not show nearly as strong 

a tendency to land beside individuals of other species on their re- 
turn. This peculiar type of interspecific joining behavior would be 
explained if collared redstarts were much more strongly attracted to 
individuals of other species when they themselves are flying than 

when they are not. 
Collared redstarts may land beside individuals of almost any other 

species, but they seem to prefer sooty-capped bush-tanagers. Such 
reactions may be expressions of a definite special interspecific prefer- 
ence. (Collared redstarts are rare in areas where brown-capped bush- 
tanagers are common. It is possible that they are as strongly at- 
tracted to brown-capped bush-tanagers, when they meet them, as they 
are to sooty-capped bush-tanagers; but I did not see enough encoun- 
ters between collared redstarts and brown-capped bush-tanagers to 

be able to analyze the relations between the two species. ) 

There are indications that the relative frequency of interspecific 
joining reactions (compared with interspecific following reactions) 
by collared redstarts is approximately the same as the corresponding 
frequency of similar reactions by red-faced spinetails, and much 
greater than the corresponding frequency of similar reactions by 
yellow-thighed finches or Wilson’s warblers. Collared redstarts may 
follow individuals of other species slightly more frequently than do 
slate-throated redstarts ; but they certainly follow individuals of other 
species much less frequently than they join individuals of other 
species. They are also followed by individuals of other species rela- 
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tively much more frequently than are slate-throated redstarts. It is 
difficult to see exactly why this should be so, as they are not very 
much more conspicuous or active than slate-throated redstarts. Per- 
haps collared redstarts are followed more frequently because they fly 
away from the close proximity of individuals of other species more 

frequently. (They are close to individuals of other species more fre- 
quently simply because they join individuals of other species more 
frequently.) All other factors being equal, the sight of a bird taking 

flight a few inches away is much more likely to induce another bird to 
follow than the sight of a bird taking flight a few feet or yards away. 

Like slate-throated redstarts, collared redstarts are followed by 
Wilson’s warblers much more frequently than by individuals of any 
other species; but they are also followed, not infrequently, by such 
birds as yellow-thighed finches and sooty-capped bush-tanagers, birds 
that seldom or never follow slate-throated redstarts. Collared red- 

starts may be followed by individuals of other species relatively as 
frequently as are sooty-capped bush-tanagers. 

Collared redstarts sometimes appear to be the leaders of mixed 

flocks. Sometimes a whole mixed flock will move in the direction in 

which a collared redstart is making most of its insect-catching flights. 
This sort of movement is undoubtedly significant, at least in some 
cases ; but the appearance of leadership by collared redstarts is prob- 

ably often slightly deceptive. In many large flocks composed of many 
species, collared redstarts may lead some but not all the other mem- 
bers of the flocks. One or two collared redstarts, for instance, may 
be followed by one or two yellow-thighed finches and/or sooty- 
capped bush-tanagers, which are followed, in turn, by individuals of 

other species. In such cases, the individuals of other species do not 
usually continue to move after the collared redstarts if the yellow- 
thighed finches and/or the sooty-capped bush-tanagers go in a differ- 
ent direction. 

(There is at least one area on the Volcan de Chiriqui, near 6,000 
feet, where the birds of the local montane bush alliance are often di- 

vided into two types of flocks that are rather comparable to the “pre- 

dominantly tanager” and “predominantly honeycreeper” flocks of the 
blue and green tanager and honeycreeper alliance. In this area there is 

a great deal of low scrub plus a few scattered very tall trees. The 
foliage of the tall trees is usually separated from the underlying scrub 

by a wide open space. 

Most of the members of the montane bush alliance in this area 
tend to stay in the low shrubbery; but a few species spend consider- 
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able time in the tall trees. The birds high in trees may form mixed 
flocks that are independent of mixed flocks in the shrubbery at the 
same time. The higher and lower flocks may move in different direc- 
tions. The high flocks are usually composed of one or two collared 
redstarts and one Wilson’s warbler, plus a few birds of other species, 
such as flame-throated warblers, furnariids, and slate-throated red- 

starts (if present in the area). These high flocks apparently never 
include yellow-thighed finches or black-cheeked warblers, and seldom 
include sooty-capped bush-tanagers. The collared redstarts are usually 

the real leaders of the high flocks, as all, or almost all, the other mem- 

bers of the high flocks usually tend to follow the collared redstarts 
directly. 

It should be stressed, however, that such high flocks are relatively 

rare and more or less atypical. All, or almost all, the birds in the high 

flocks in this area also go down to the shrubbery more or less fre- 
quently, where they tend to associate with more typical mixed montane 

bush flocks that include yellow-thighed finches and black-cheeked 

warblers. In other areas at the same elevation where the same species 
of birds occur but the vegetation is not divided into two distinctly 

separated strata, the birds are seldom or never divided among higher 
and lower flocks moving independently of one another.) 

OTHER SPECIES 

Flame-throated Warbler—I did not see flame-throated warblers 
very frequently on the Volcan de Chiriqui and was not able to analyze 
their usual social role in mixed flocks. All I can say about them is 
that they are very conspicuous (both brightly colored and noisy), 
found around 6,000 feet and above, apparently usually or always ter- 
ritorial, more common in trees than in low shrubbery, and probably 
join and follow individuals of other species (at least collared red- 
starts) more frequently than they are joined and followed by indi- 
viduals of other species. 

Brown-capped Vireo.—Brown-capped Vireos were observed only 
at 6,000 feet and above on the Volcan de Chiriqui. In this area they 
are frequently associated with mixed montane bush flocks, especially 
flocks in trees of moderate height. They seem to join individuals of 
other species more frequently than they follow or are followed or 

joined by individuals of other species. They do not seem to exhibit 

any special interspecific preferences. They are very inconspicuous and 

not very gregarious among themselves, and so probably do not con- 
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tribute very much to enhance the conspicuousness of the mixed flocks 
with which they are associated. 

Summer Tanager.—The usual social role of summer tanagers in 

mixed montane bush flocks on the Volcan de Chiriqui seems to be the 

same as in the mixed blue and green tanager and honeycreeper flocks 

of the lowlands of central Panama. 

Pale-vented Thrush.—This large, dull-colored, high montane species 

tends to have a disruptive effect on mixed montane bush flocks. Pale- 
vented thrushes seem to be attracted by individuals of many species 

of the higher-altitude montane bush alliances and/or are attracted to 

many of the same foods as these latter species ; but they also tend to 
perform many supplanting attacks upon any and all other passerine 

birds in their immediate vicinity. Such behavior may be typical of 

thrushes of the genus Turdus. The few times that clay-colored 

thrushes were seen associated with mixed blue and green tanager and 

honeycreeper flocks they also tended to have a disruptive effect on the 
flocks. 

PARTIAL SUMMARY 

It may be useful to recapitulate briefly and summarize the usual 

social roles of different species in mixed montane bush flocks in the 
same terms as in the discussion of the species of mixed blue and green 

tanager and honeycreeper flocks. 

Both bush-tanagers are regular members of mixed montane bush 
flocks and essentially passive nuclear species. They are not completely 

passive, however, and the sooty-capped bush-tanager is less passive 
than the brown-capped bush-tanager. 

The collared redstart is a regular member of mixed montane 

bush flocks and apparently always a nuclear species. In some flocks 

(the “high” flocks) it is a passive nuclear species. In most flocks it 
is not definitely either passive or active. 

The black-cheeked warbler is rather similar to the collared red- 

start. It is apparently always a regular nuclear species. It seems to 
be a passive nuclear species in some flocks and not definitely either 
passive or active in other flocks. 

Wilson’s warbler is a regular active nuclear species. 

The yellow-thighed finch is a regular nuclear species. It may be 

an active nuclear species or a passive nuclear species, or both, depend- 
ing upon the identity of the other species associated with it. 

The silver-throated tanager may be an occasional active nuclear 
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species on the Volcan de Chiriqui. The slate-throated redstart may 
be an occasional nuclear species, but not definitely either passive or 

active. 
The brown-capped vireo and some or all of the furnariids associ- 

ated with mixed montane bush flocks seem to be regular attendant 
species. The yellow-throated bush-finch is probably a regular at- 
tendant in flocks that include yellow-thighed finches, but an occasional 
attendant (at best) in other mixed flocks. The summer tanager seems 
to be an occasional attendant species in all types of mixed montane 

bush flocks. 
It will be noted that many of the species of the montane bush alli- 

ances are more difficult to assign to discrete categories, according to 
their social roles in mixed flocks, than are the species of the mixed 

blue and green tanager and honeycreeper alliance. The significance 

of this difficulty will be discussed below. 
Diagram 3 is a tentative summary of the special interspecific prefer- 

ences of the most common species of the higher-altitude montane bush 
alliances revealed by predominantly “friendly” following and/or join- 
ing reactions. It should be compared with the summary of the cor- 
responding preferences of species of the blue and green tanager and 

honeycreeper alliances shown in diagram I. 

THE COLORS OF SPECIES IN MIXED MONTANE BUSH FLOCKS 

There is only a restricted range of colors in the plumages of almost 

all the species commonly occurring in the higher-altitude mixed mon- 

tane bush flocks and the majority of the species commonly occurring in 

the lower-altitude mixed montane bush flocks on the Volcan de Chi- 

riqui. The plumages of these species are largely black and/or yellow 

(including yellow-olive), sometimes variegated with patches of brown 

and/or white. Bright greens, blues, and reds are lacking in the plum- 

ages of most of these species, and confined to small patches in the 

plumages of the others. 

This general similarity of coloring may be adaptive in any one or 

all of several different ways. In any case, it probably tends to facili- 

tate associations between individuals of different species. The birds 

of these species must become conditioned fairly early in their lives to 

the presence of companions that are predominantly black and/or yel- 

low, with or without patches of brown and/or white. Some or all 

of these species may even be born with an innate recognition or 

preference for one or more of these colors. Thus an individual of 

any species exhibiting one or more of these colors is probably more 
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attractive or, at least, less irritating and/or frightening to individuals 
of most of the species of the montane bush alliances than an other- 

wise similar bird of different colors. 

RS 

ber w~ ai 

YB 
DracGRAM 3.—The special interspecific preferences of the most common species 

of the higher-altitude montane bush alliances revealed by predominantly “friendly” 

following and/or joining reactions. Organized in the same way as diagrams 

1 and 2. 

The species are identified by initials. RS = red-faced spinetail. CR = col- 

lared redstart. BCT —=brown-capped bush-tanager. ST = sooty-capped bush- 

tanager. BW = black-cheeked warbler. YF = yellow-thighed finch. YB = yel- 

low-throated bush-finch. 

Perhaps the best evidence that the similar coloring of most of the 
species in mixed montane bush flocks is a significant factor tending 
to stimulate the formation and maintain the cohesion of such flocks 
is provided by the behavior and social relations of certain other species 

that occur in the same areas but are colored very differently. 
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Blue tanagers occur up to 6,000 feet on the western slopes of the 
Volcan de Chiriqui. They may not have occurred at such high alti- 
tudes before much of the original montane forest was cut; but they 
seem to be well established along roads and around the town of Cerro 
Punta now. These blue tanagers frequently occur in the same gen- 

eral areas, even in the same trees, as species that are regular members 

of the mixed montane bush flocks, and they seem to feed on many 
of the same insects and fruits as some of the species that are regular 
members of the mixed montane bush flocks; but they do not usually 
associate with mixed montane bush flocks. They join the very hetero- 
geneous lower-altitude mixed montane bush flocks occasionally, but 
they almost always keep strictly apart from the more closely integrated 
higher-altitude mixed flocks. This seems to be the result of definite 

choice. I have seen blue tanagers watch higher-altitude mixed mon- 
tane bush flocks only a few yards away without showing the slightest 
indication of a desire to approach the flocks more closely or to follow 
individuals of any species in the flocks. Similarly, none of the birds 
in these higher-altitude mixed flocks showed any tendency to join 

and/or follow the blue tanagers. 

The blue tanagers of the Volcan de Chiriqui belong to the same 

subspecies as the blue tanagers of the lowlands of central Panama 
and behave in the same way apart from mixed species flocks. There 
is no reason to suppose that they do not have the same internal gregari- 
ous tendencies as the blue tanagers of the lowlands, which join and 
follow individuals of other species so frequently (see also below). 

It seems likely, therefore, that the usual lack of response by the blue 

tanagers of the Volcan de Chiriqui to the mixed flocks they encounter 
is largely or completely due to the characteristic coloration of all or 
most of the individuals in the flocks, a coloration that either fails to 

attract or actually repels (see below) the blue tanager. Many of 

the species in mixed montane bush flocks are not more different from 
blue tanagers in shape or behavior than many of the species that blue 

tanagers join and follow relatively frequently in the lowlands. 

A few brief observations would suggest that the blue tanagers of 

the Volcan de Chiriqui are more strongly attracted to bay-headed 

tanagers (Tangara gyrola), which occur in small numbers slightly 

above 5,000 feet, than to any of the other species discussed above. It 

is surely not coincidental, in this connection, that bay-headed tanagers 

are largely bright blue and green and also tend to join mixed mon- 

tane bush flocks relatively rarely. (The reactions of the blue tanagers 

of the Volcan de Chiriqui to bay-headed tanagers is positive evidence 
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that these blue tanagers really do have the same gregarious tendencies 
as lowland blue tanagers in central Panama.) 

Similar factors may help to explain the social isolation of two resi- 
dent species of the genus Piranga on the Volcan de Chiriqui, the 
white-winged tanager (P. leucoptera) and the flame-colored tanager 
(P. bidentata). Individuals of both species occur in some of the 
same areas as many regular members of the mixed montane bush 
flocks ; but they seem to be associated with such flocks even less fre- 
quently than are blue tanagers. They obviously do not have the 
special joining reactions of summer tanagers. They also seem to be 
definitely unattractive (at least) to all or most of the species com- 
monly occurring in mixed montane bush flocks. This may be partly 
due to the fact that adult male white-winged tanagers and flame- 
colored tanagers are largely bright red or orange (and immature males 
of both species frequently show traces of the same colors). 

SIGNIFICANCE OF SOME OF THE PRINCIPAL DIFFERENCES 
BETWEEN MIXED BLUE AND GREEN TANAGER AND HONEY- 
CREEPER FLOCKS AND THE HIGHER-ALTITUDE MIXED 

MONTANE BUSH FLOCKS 

Among the more obvious differences between the higher-altitude 
mixed montane bush flocks (which seem to be the most highly, or 
most thoroughly, organized type of mixed montane bush flock) and 

the mixed blue and green tanager and honeycreeper flocks are the 

following : 

1. All or most of the members of a mixed blue and green tanager 

and honeycreeper flock are usually confined to a rather narrow level 
of vegetation (usually the treetops) at any given time, while the mem- 
bers of higher-altitude mixed montane bush flocks are frequently 

scattered among many different levels of vegetation at the same time. 

2. Supplanting attacks by individuals of one species upon indi- 

viduals of other species are relatively common in mixed blue and green 
tanager and honeycreeper flocks, but relatively very rare in higher- 
altitude mixed montane bush flocks. 

3. The nuclear members of mixed blue and green tanager and 

honeycreeper flocks are usually completely passive or completely ac- 
tive, while most of the nuclear species of higher-altitude mixed mon- 

tane bush flocks can be either passive or active or may play an inter- 
mediate role. 

4. Mixed blue and green tanager and honeycreeper flocks usually 

include species that have developed an apparently highly specialized 
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type of dull plumage to facilitate interspecific gregariousness; but 
none of the species of the higher-altitude mixed montane bush alli- 

ances seems to have evolved a specialized plumage to subserve similar 
functions. 

These differences between the two types of flocks are presumably 

adaptive. They may also be causally related to one another. 
It has already been mentioned that mixed blue and green tanager 

and honeycreeper flocks are usually restricted to one rather narrow 
level of vegetation because most of the species occurring in such 

flocks are usually restricted to one and the same rather narrow level 
of vegetation. Higher-altitude mixed montane bush flocks often 

extend through several different levels of vegetation because they 
frequently include species that prefer different levels of vegetation 
and/or frequently move back and forth between several different 
levels. (The usual restriction of most of the species of the blue and 
green tanager and honeycreeper alliance to one rather narrow level 
of vegetation may be an indication that most of these species are more 
narrowly specialized, restricted to narrower ecological niches, than 

many or most of the species of the higher-altitude montane bush alli- 

ances; but this would be extremely difficult, if not impossible, to 

prove. ) 
The members of mixed blue and green tanager and honeycreeper 

flocks are not only usually restricted to one rather narrow level of 
vegetation, but also frequently feed on the same foods. Thus they 

tend to compete with one another in a very direct way. This may 
help to explain why interspecific supplanting attacks are so relatively 

frequent in mixed blue and green tanager and honeycreeper flocks. 
The performance of supplanting attacks within a flock is probably 

often disadvantageous because such attacks tend to reduce the cohe- 

sion of the flocks in which they occur; but this disadvantage must be 

outweighed, in the case of many or all of the members of the blue 

and green tanager and honeycreeper alliances by compensatory ad- 

vantages. One of these is probably increased success in competition 
for food. Individuals of many species of the blue and green tanager 
and honeycreeper alliance probably obtain more food by performing 
supplanting attacks than they would if they did not do so. A bird that 
performs a supplanting attack upon another bird of the same or a dif- 
ferent species, when the other bird is approaching food or actually eat- 
ing, will usually force the other bird to retreat, at least temporarily, 
and may then be able to appropriate the food itself. It seems likely, 
therefore, that there have been strong selection pressures, during the 

evolution of many species of the blue and green tanager and honey- 
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creeper alliance, in favor of retaining the habit of performing sup- 
planting attacks. The frequent performance of both interspecific and 
intraspecific supplanting attacks is probably a primitive character, as 

such attacks are often performed by individuals of many species that 

are not very gregarious. 

Andrewartha and Birch (1954) have suggested that competition 
between animals of different species is seldom very significant. Their 
discussion of this subject is not, perhaps, very convincing (see Lack, 
1954, and comments by Brown and Wilson, 1956, and Hutchinson, 

1959). Inany case, it should be emphasized that the relations between 

many members of mixed blue and green tanager and honeycreeper 
flocks are particularly clear examples of competition. The competition 
between such birds is often as overt as possible. 

Members of higher-altitude mixed montane bush flocks compete di- 
rectly with one another less frequently than do members of mixed blue 
and green tanager and honeycreeper flocks. Individuals of different 
species in higher-altitude mixed montane bush flocks try to feed on 

the same foods at the same times less frequently than do individuals 
of different species in mixed blue and green tanager and honeycreeper 

flocks. Individuals of the higher-altitude montane bush alliances 
would probably obtain extra food less frequently by the performance 
of supplanting attacks than do individuals of the blue and green tana- 
ger and honeycreeper alliance. This may be the reason why the advan- 

tages of performing many interspecific supplanting attacks seem to 
be outweighed by the disadvantages of such behavior in higher-alti- 

tude mixed montane bush flocks (the disadvantages presumably being 
the same as in mixed blue and green tanager and honeycreeper flocks). 

(It is possible that the total amount of competition, both direct and 
indirect, between species of the higher-altitude montane bush alliances 
is less than the total amount of competition between species of the 
blue and green tanager and honeycreeper alliance ; but this would also 
be very difficult, if not impossible, to prove. ) 

The differences between the interspecific hostile reactions of the 
species of the higher-altitude montane bush alliances and those of the 
species of the blue and green tanager and honeycreeper alliance seem 
to be intrinsic at the present time. They seem to be due to internal 
differences between the birds themselves, not their different environ- 

ments. Birds of the higher-altitude montane bush alliances may oc- 

cur in social situations that seem to be essentially similar to those in 
which birds of the blue and green tanager and honeycreeper alliance 

perform many interspecific supplanting attacks. They may even be- 
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come involved in such situations rather frequently (but less frequently, 

on the average, than birds of the blue and green tanager and honey- 

creeper alliance). But they still do not usually perform interspecific 
supplanting attacks in such situations. This would indicate that the 
reduced frequency of interspecific supplanting attacks by members 
of the higher-altitude montane bush alliances is a result of basic 
changes in their internal hostile drives (and/or their “innate” respon- 

siveness to hostile stimuli) in the course of evolution. Interestingly 

enough, the intraspecific hostile reactions of all or most species of 

the higher-altitude montane bush alliances do not seem to have be- 
come reduced to the same extent in the course of evolution. Indi- 
viduals of all or most of these species become engaged in disputes with 

other birds of the same species approximately as frequently as do 
members of the blue and green tanager and honeycreeper alliance 
which show a comparable degree of intraspecific gregariousness. 

The frequency of interspecific supplanting attacks in mixed blue 

and green tanager and honeycreeper flocks may help to explain why 

the social roles of most of the nuclear species of these flocks are so 

clear cut and one sided, and why some species have developed un- 

usually dull plumage. Because interspecific supplanting attacks tend 
to reduce the cohesion of mixed flocks, the species of the blue and 
green tanager and honeycreeper alliance have probably been subjected 

to particularly strong selection pressures in favor of developing 
mechanisms to minimize some of the effects of interspecific supplant- 
ing attacks and/or restore the cohesion of flocks as rapidly as possi- 
ble after interspecific supplanting attacks. Both the dull plumage 
and/or the very one-sided nature of the social roles of some species 

may help to accomplish these objectives. They may both permit or 

facilitate particularly rapid “friendly” reactions within the mixed blue 
and green tanager and honeycreeper flocks. 

The species of the higher-altitude mixed montane bush flocks may 

not have been subjected to strong selection pressures in favor of the 

development of similar characters simply because the cohesion of 

their flocks is seldom subjected to the sudden shocks of interspecific 
supplanting attacks. 

SIMPLER MIXED FLOCKS 

Three other types of mixed flocks that have been studied much 

less intensively than blue and green tanager and honeycreeper flocks 

or the mixed montane bush flocks may be described very briefly, as 
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they are comparatively simple and their organization may reveal 
something of the probable course of evolution of mixed flocks in 
general. 

MIXED FLOCKS OF SMALL FINCHES 

Several species of small finches tend to associate with one another 
more or less frequently in various lowland areas in Panama. Among 
these species are the variable seedeater, the yellow-bellied seedeater, 
the thick-billed seed-finch (Oryzoborus funereus), the blue-black 

grassquit (Volatinia jacarina), and the dark-backed goldfinch (Spinus 
psaltria). 

The mixed flocks of small finches in Panama never include as 

many species as the larger mixed blue and green tanager and honey- 
creeper flocks or mixed montane bush flocks; but they do seem to be 
specialized societies, not merely casual aggregations. Some aspects 
of the social relationships between some of these finches have already 

been discussed elsewhere (Moynihan, 1960). The most interesting 
feature of many mixed flocks of small finches is the physical resem- 
blance between some of the species included in the flocks. The adult 
males of several of these species of finches, including species that do 
not seem to be very closely related to one another, have largely or 
completely black plumage. This may be “social mimicry.” It is pos- 

sible that one or more of these species have evolved such plumage 

simply to facilitate associations with other species having similar 
plumage. 

A few additional features of the mixed flocks of small finches 

would suggest that their organization is most nearly similar to that 

of the mixed blue and green tanager and honeycreeper flocks. The 
finches that occur together most frequently in the lowlands of central 

Panama near the Canal Zone are the variable seedeater and the blue- 

black grassquit. Relatively brief observations of mixed flocks com- 
posed of these two species alone would suggest that the usual social 
roles of both species in such flocks are very clear cut and one sided. 
Blue-black grassquits join variable seedeaters very frequently, but 
variable seedeaters seldom or never join blue-black grassquits in such 
flocks. (The usual social role of variable seedeaters in mixed flocks 

that include individuals of some other species, such as yellow-bellied 
seedeaters, may be rather different, at least in some respects; but I 

have not been able to measure the extent of this difference.) The 

contrasting reactions of variable seedeaters and blue-black grassquits 
in mixed flocks that do not include other species seem to be correlated 
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with their social reactions apart from mixed flocks in much the same 
way as the corresponding reactions of most of the nuclear species of 
blue and green tanager and honeycreeper flocks and some of the 

nuclear species of mixed montane bush flocks. Variable seedeaters 
resemble such passive nuclear birds as plain-colored tanagers and 
brown-capped bush-tanagers in showing a high degree of intraspecific 

gregariousness ; while blue-black grassquits resemble such active nu- 
clear birds as palm tanagers and green honeycreepers in being only 

slightly gregarious among themselves apart from mixed flocks. 
The members of all the mixed flocks of small finches in central 

Panama usually feed on the same or similar food and tend to remain 
at approximately the same level (on or near the ground) most of the 
time they are together. It is probably significant, therefore, that inter- 
specific supplanting attacks are common in such flocks. In flocks 
composed of variable seedeaters and blue-black grassquits alone, the 
variable seedeaters frequently supplant blue-black grassquits, but 
blue-black grassquits seldom or never supplant variable seedeaters. 

MIXED FLOCKS ON CERRO CAMPANA 

Cerro Campana is an isolated mountain, west of the Canal Zone 
in central Panama, which reaches an altitude of approximately 3,300 
feet above sea level. Part of the upper slopes of this mountain are 
covered by heavy montane forest, most of which seems to be mature. 

The bird fauna of the montane forest on Cerro Campana above ap- 
proximately 2,000 feet includes a number of species that appear to be 
relicts in central Panama. Several montane species that occur on 
both Cerro Campana and the Volcan de Chiriqui are found at much 
lower altitudes on the former mountain than on the latter. Such 

species may have been marooned on Cerro Campana at the end of the 

last cold period of the Pleistocene, and have become adapted to a 

warmer climate. 

Many tanagers and related species occur on the upper slopes of 

Cerro Campana. Some of these species associate with one another to 
form mixed flocks, the most conspicuous of which occur in the tree- 
tops and along the edges of the montane forests, usually quite high 
above the ground. These flocks are usually composed of silver- 
throated tanagers, bay-headed tanagers, and/or tawny-capped 

euphonias (Tanagra anneae). Birds of other species also occur in 
such flocks, but seemingly relatively less frequently. Among the other 
birds I have seen associated with the mixed flocks of the montane 
forests of Cerro Campana are blue tanagers, green honeycreepers, 



NO. 7 FLOCKS OF NEOTROPICAL BIRDS—MOYNIHAN HDI 

black-and-yellow tanagers (Chrysothlypis chrysomelas) hepatic 
tanagers (Piranga flava), and various small flycatchers and (winter- 
ing) warblers. Such flocks seldom or never include more than a single 
individual, pair, or family group of any given species at any given 

time. 

Unlike the other mixed flocks discussed above, these mixed flocks 

on Cerro Campana do not seem to be specialized societies. They 
appear to be essentially casual aggregations of birds that happen to 

be feeding more or less together in the same area but are not very 
strongly attracted to one another. Clear-cut interspecific following 
and joining reactions are relatively rare in such aggregations. Even 

the blue tanagers and the green honeycreepers do not join and/or 
follow individuals of other species very frequently on Cerro Cam- 
pana. (They might join and/or follow one another very frequently 

if they had more chances to do so; but both species are rare in 

these montane forests.) None of the primarily montane species com- 
monly occurring in these aggregations seems to have any definite 
special interspecific preference for any other species, and most of 
the associations between these species seem to be relatively brief. 
The species of the mixed flocks on Cerro Campana are also very 

diversely colored and do not seem to have developed any special type 

of plumage to facilitate their roles in the mixed flocks of this area. 

In general, the mixed flocks of the montane forests on Cerro Cam- 

pana are most reminiscent of the lower-altitude mixed montane bush 

flocks on the Volcan de Chiriqui, without the nuclear species which 

usually or frequently occur in the Chiriqui flocks. 

RAMPHOCELUS FLOCKS 

Different species of Ramphocelus, which usually do not form very 

close associations with birds of most other genera, do tend to asso- 

ciate with one another rather closely in some areas and habitats where 

their ranges overlap. I have seen associations between two different 

pairs of Ramphocelus species. 

Mixed flocks of crimson-backed tanagers and yellow-rumped 
tanagers occur in many areas in central and eastern Panama. I have 
observed them at rather long intervals between March 1958 and 

November 1960 in the Canal Zone, near Maria Chiquita on the Atlan- 

tic coast of central Panama, and in Darién. 

Mixed flocks of silver-billed tanagers (R. carbo) and black- 
throated tanagers (2. nigrogularis) were observed for a few days 
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between December 17 and December 24, 1958, near Iquitos in the 

Amazonian region of eastern Peru. 

CRIMSON-BACKED TANAGERS AND YELLOW-RUMPED TANAGERS 

Adult male yellow-rumped tanagers are largely pure velvety black, 
with whitish bills and bright lemon yellow on the lower back and 
rump. Adult females and young of both sexes are generally brown- 
ish, with yellow lower back, rump, breast, and belly. 

Yellow-rumped tanagers show a much higher degree of intra- 
specific gregariousness than crimson-backed tanagers. They tend to 

form flocks of 8 to 12 individuals (i.e., definitely larger than a single 
family group of parents and one brood of young). Such flocks seem 
to be maintained rather steadily throughout the nonbreeding season, 

and also occur, at least occasionally, in the breeding season. 
Like most other highly gregarious birds, yellow-rumped tanagers 

are very restless and noisy. Some of their more complex calls are 
quite distinctive, very different from any calls of any other tanager 
or related species occurring in the lowlands of central and eastern 
Panama; but their most common notes are very similar to those of 

crimson-backed tanagers in sound. Both yellow-rumped tanagers and 

crimson-backed tanagers utter thin tseeet notes and nasal anh notes 

very frequently. 
The habitat preferences of yellow-rumped tanagers and crimson- 

backed tanagers are similar in some ways and different in others. Both 
species prefer scrub, but yellow-rumped tanagers prefer scrub along 
the banks of rivers and streams, and crimson-backed tanagers prefer 
scrub in slightly higher and drier areas some distance away from the 
banks of rivers. Yellow-rumped tanagers sometimes stray away from 
their usual habitats, and move into typical crimson-backed tanager 
habitats ; but such occurrences seem to be relatively rare. Crimson- 

backed tanagers seem to occur in typical yellow-rumped tanager habi- 

tats somewhat more frequently. 

All my observations of yellow-rumped tanagers and crimson-backed 
tanagers in the same flocks were made in typical yellow-rumped tana- 

ger habitats. In such habitats, yellow-rumped tanagers are always 
much more abundant than crimson-backed tanagers. 

It is usually apparent in such habitats that crimson-backed tanagers 
tend to stay closer to yellow-rumped tanagers than to any other tana- 
gers, honeycreepers, or finches in the same area at the same time. They 
may also follow and join yellow-rumped tanagers in a clear-cut and 
conspicuous manner more frequently than they follow and join all 
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or most of the regular members of the blue and green tanager and 
honeycreeper flocks in the same (see below) and other habitats; but 
the actual frequency of such reactions is usually not very high. Crim- 
son-backed tanagers certainly follow and join yellow-rumped tanagers 
much less frequently, on the average, than palm tanagers join and 
follow several other species of the blue and green tanager and honey- 
creeper alliance in central Panama during the nonbreeding season. 
What the crimson-backed tanagers usually manage to do is stay in the 
vicinity of yellow-rumped tanagers without appearing to follow them 
in any regular manner or coming very close to any particular indi- 

vidual. 

The responsiveness of crimson-backed tanagers to yellow-rumped 
tanagers is probably not strong enough to be considered a special inter- 
specific preference. It is not a more frequent occurrence than would 
be expected as a result of generalized gregariousness, in view of the 
similar notes and preference for scrub of the two species. 

Yellow-rumped tanagers also tend to follow and join crimson- 
backed tanagers relatively more frequently than they are followed and 
joined by the latter ; but their reactions to crimson-backed tanagers are 
even more obviously not the results of a special interspecific prefer- 

ence. Yellow-rumped tanagers tend to follow and join almost all 
other tanagers and finches that occur in or near the scrub along river 
banks. Their responsiveness to individuals of so many other species 
seems to be a reflection of their extreme gregariousness among them- 
selves. Their tendency to join and follow one another seems to be 
so strong that it frequently “overflows,” to be vented upon suboptimal 
stimuli. 

It has already been mentioned that special signal patterns and some 
related characters that seem to be adaptations to promote intraspecific 
gregariousness will usually or always tend to attract individuals of 

other species also, but that this attraction may be weakened by other 
factors. Most species are usually more strongly attracted to other 

species that are more or less similar to themselves than to other species 
that are very different. The relations between crimson-backed tanagers 

and most other species of the blue and green tanager and honeycreeper 

alliance were cited as an example. Most species of this alliance are 

probably attracted by the restlessness and general conspicuousness of 
crimson-backed tanagers, but not as strongly as they would be if the 

latter were not so distinctive in color and voice. 

The relations between yellow-rumped tanagers and the species of 

the blue and green tanager and honeycreeper alliance may be an even 
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more striking example of the same phenomenon or, perhaps more 

probably, an example of definite interspecific “aversion.” 

The characters of yellow-rumped tanagers that seem to be adapted 
to promote intraspecific gregariousness are somewhat more extreme 
or exaggerated than the corresponding characters of crimson-backed 
tanagers (the “flash” patterns of yellow-rumped tanagers are even 

more conspicuous than those of crimson-backed tanagers, and yellow- 
rumped tanagers are probably even noisier, on the average, than 
crimson-backed tanagers) ; but yellow-rumped tanagers seem to at- 
tract individuals of most species of the blue and green tanager and 

honeycreeper alliance much less frequently than do crimson-backed 
tanagers, even in the most favorable circumstances. Individuals of 
several species that are regular members of the blue and green tana- 
ger and honeycreeper flocks (including plain-colored tanagers, palm 
tanagers, blue tanagers, and golden-masked tanagers) sometimes come 
down to the shrubbery along the edges of rivers, if there are no trees 
nearby. At such times they usually ignore the yellow-rumped tana- 
gers almost completely. Even palm tanagers seem to join and follow 
yellow-rumped tanagers relatively very rarely. 

It is conceivable that most members of the blue and green tanager 
and honeycreeper alliance tend to ignore yellow-rumped tanagers 
simply because the latter are so distinctive in voice and appearance. 

To the human eye and ear, however, yellow-rumped tanagers are not 
more different from most of the members of the blue and green tana- 
ger and honeycreeper alliance than are crimson-backed tanagers. It is 

perhaps more likely, therefore, that most of the members of the blue 
and green tanager and honeycreeper alliance have developed a special- 
ized aversion to yellow-rumped tanagers, a special power of resistance 
to the attraction of their restlessness and conspicuousness. This aver- 
sion may have been developed in order to avoid being sucked down 

into low shrubbery too frequently. There are indications that associa- 
tions with any species that is largely confined to low scrub and thickets 
may be disadvantageous for most members of the blue and green 

tanager and honeycreeper alliance. 

Two other scrub-inhabiting species, the dusky-tailed ant-tanager 
and the dusky-faced tanager (Mitrospingus cassinii), are common in 

parts of central and eastern Panama. Both are noisy, restless, rather 

gregarious among themselves, and less distinctively colored than either 

yellow-rumped tanagers or crimson-backed tanagers. It has already 

been mentioned that dusky-tailed ant-tanagers sometimes encounter 

many members of the blue and green tanager and honeycreeper alli- 
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ance in certain special circumstances. The same is true of dusky-faced 
tanagers. When such encounters occur, most of the members of the 
blue and green tanager and honeycreeper alliance, except crimson- 
backed tanagers (see below), tend to ignore the dusky-tailed ant- 

tanagers and dusky-faced tanagers in much the same way that they do 
yellow-rumped tanagers. (Slud, 1960, has already noted that dusky- 

faced tanagers are usually ignored by birds of other species in Costa 
Rica.) It seems likely that many or most members of the blue and 

green tanager and honeycreeper alliance have developed special aver- 
sions to dusky-tailed ant-tanagers and dusky-faced tanagers as well 

as yellow-rumped tanagers. 

Such aversions are quite different from hostile interspecific prefer- 

ences, such as those of green honeycreepers and shining honeycreepers 
for red-legged blue honeycreepers. The aversions are revealed by a 
conspicuous lack of overt responses, while the hostile interspecific 
preferences are expressed by supplanting attacks and/or other overt 
aggressive acts. 

The habitat preference of yellow-rumped tanagers may also impede 
associations with other species in another way. Most members of the 
blue and green tanager and honeycreeper alliance (again with the ex- 
ception of crimson-backed tanagers) are reluctant to remain in the 
scrub along the edges of rivers for any considerable length of time. 

They seldom remain in this environment for more than a few seconds 
or minutes before flying to trees or other scrub. This behavior effec- 

tively neutralizes the joining and following tendencies of yellow- 
rumped tanagers, simply because the latter are usually very reluctant 

to leave the river-bank scrub. 

Although yellow-rumped tanagers do not play a significant social 
role in any highly integrated or very complex mixed flocks in central 
and eastern Panama at the present time, they may be partly or com- 
pletely preadapted to do so. It is easy to imagine how a relatively 
slight change in the habitat preference of yellow-rumped tanagers, or 
the appearance in the region of a new species that did not have a 

special aversion to them, or the loss of the special aversion by one of 
the species that already occurs in the region, would allow the yellow- 

rumped tanagers to play a more important nuclear role in mixed flocks 
(which might appear to be highly integrated from the very beginning). 

(Crimson-backed tanagers occasionally associate quite closely with 

dusky-tailed ant-tanagers in certain scrub areas. Young crimson- 
backed tanagers just out of the nest seem to be more likely to form 

such associations than older birds. Such young birds may well be de- 
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ceived by the appearance of dusky-tailed ant-tanagers, which are simi- 
lar to crimson-backed tanagers in shape and many of their actions, 
and the males of which are brownish with some red on the throat and 
crown. The young crimson-backed tanagers may be reacting to dusky- 
tailed ant-tanagers as they would to other members of their own 

species. ) 

SILVER-BILLED TANAGERS AND BLACK-THROATED TANAGERS 

The silver-billed tanagers and black-throated tanagers that were ob- 
served associating with one another were relatively few in number, 
one family group (parents with two or three young) of each species. 
These two families roosted separately at night, but usually came to- 
gether shortly after dawn and spent an appreciable part of every day 

together for at least seven consecutive days (as long as my observa- 

tions continued). These birds are very similar in shape and, to a 

lesser extent, color (red and black). Individuals of both species utter 

tseeet notes very frequently. | 

The social roles of the two species in this mixed flock were not 

very well differentiated. Sometimes the silver-billed tanagers joined 

and followed the black-throated tanagers; and sometimes the black- 

throated tanagers joined and followed the silver-billed tanagers. 

Both types of reactions were quite common, in both directions. Pre- 

sumably further observations would have shown that one species 

joined and followed the other species at least slightly more frequently 

than the reverse, on the average, over a long period of time; but my 

observations were too brief to permit a quantitative analysis of the re- 

actions between the two species. Interspecific supplanting attacks and 

other hostile patterns were quite common in this mixed flock. Some- 

times one species was the aggressor, and sometimes the other. 

Competition for food between the two species was certainly in- 

creased when they associated with one another. When they were not 

together the silver-billed tanagers usually stayed in moderately to very 

low scrub, while the black-throated tanagers usually stayed at a some- 
what higher level in low trees. When they were together, however, 

the individuals of both species usually moved and fed at the same level, 

apparently eating the same foods. This change was usually due to a 
change in the behavior of the black-throated tanagers, which when 

they were associated with the silver-billed tanagers, frequently came 

down into scrub that was lower than anything they visited when they 

were alone. 
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It may be significant, in this connection, that black-throated tanagers 
were relatively rare in the area near Iquitos (the birds that associated 

with the silver-billed tanagers were the only black-throated tanagers I 

saw in this area), while the silver-billed tanagers were comparatively 
common, It is possible that this area is not a very favorable environ- 
ment for black-throated tanagers, or that the ones I saw had just 
moved into the area and may have been partly dependent upon the 
silver-billed tanagers’ ability to discover food sources (see below). 

DISCUSSION 

THE ADVANTAGES OBTAINED BY MEMBERSHIP IN MIXED 

FLOCKS 

All or almost all the authors who have discussed the functions of 

mixed flocks have suggested that birds become associated in such flocks 
in order to get food, to get protection from enemies, and/or to satisfy 

some gregarious motivation or instinct (see the summary in Rand, 
1954). All three suggestions may be correct. It should be noted, how- 

ever, that the three functions are not strictly commensurable. 

The habit of associating in mixed flocks may be an adaptation to 

get food and/or protection, but it can hardly be described as an adapta- 

tion, in the same sense of the term, to satisfy a gregarious instinct. 

From an evolutionary point of view the development of a gregarious 

instinct that can be satisfied by association in mixed flocks is probably 

a means to an end, not an end in itself.1° A bird may join individuals 
of other species, or allow itself to be joined by individuals of other 

species, because such associations satisfy its gregarious instincts; but 

such instincts probably have been evolved, in all or most cases, be- 

cause interspecific gregariousness provides certain concrete advan- 

tages. Gregariousness seems to be a type or method of adaptation, 

16 Tn ethological terms, association with individuals of other species may be 

considered a “consummatory situation” for any bird that derives a definite 

satisfaction from such an association. Searching for individuals of other species 

to become associated with may be considered a form of “appetitive behavior.” 
(See discussions of these terms in Tinbergen, 1951; Hinde, 1953; and Bastock, 

Morris, and Moynihan, 1953.) Unfortunately, there have been almost no ana- 

lytical studies of the motivations impelling an individual of one species to 

become associated with individuals of other species. It is possible that individ- 

uals of some species have some sort of interspecific gregarious drive, which can 

be satisfied only by associations with individuals of other species, quite apart 

from any intraspecific gregarious drive or gregarious aspects of other instincts ; 

but this has certainly not yet been proved to exist. 
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while food and protection are advantages that may be obtained by the 
adaptation. 

It seems likely that many or most members of many or most mixed 
flocks obtain both extra food and added protection, more or less simul- 

taneously, by their associations with one another ; but the relative im- 
portance of the two advantages is probably very different for different 

species and for individuals of the same species at different times. This 

certainly seems to be true in the case of most members of the mixed 

flocks studied in Panama. 

Some observers of tropical mixed flocks (e.g., Chapin, 1932; Rand, 

1954; Slud, 1960; and Swynnerton, 1915) have suggested that they 

are primarily feeding associations, that all or most birds become as- 
sociated with such flocks primarily or exclusively because they tend to 
get more food when they are in mixed flocks than when they are not. 
This generalization seems to have been derived from observation of 

mixed flocks of birds that are primarily or exclusively insectivorous 

and live inside tropical forests (these were the first tropical mixed 

flocks to be studied). 

Some of the primarily or exclusively insectivorous birds in mixed 

blue and green tanager and honeycreeper flocks and mixed montane 

bush flocks, e.g., summer tanagers, Wilson’s warblers, red-faced spine- 

tails, and the redstarts, probably obtain feeding advantages by asso- 

ciating with mixed flocks, and maintain such advantages nearly con- 

tinuously as long as they remain within the flocks, in much the same 

way as do insectivorous birds inside tropical forests. The other mem- 

bers of mixed flocks must at least frequently serve as beaters for 

some of the insectivorous birds. 

There are many indications, however, that the food factor is less 

important in the case of many other members of many mixed blue 
and green tanager and honeycreeper flocks and mixed montane bush 

flocks. The primarily frugivorous and/or nectarivorous birds prob- 
ably do not obtain feeding advantages from their associations with 

mixed flocks as frequently or as consistently as do the insectivorous 

birds. It is often obvious that they are not helping one another to get 

food. It is difficult, in fact, to imagine how frugivorous and/or 

nectarivorous birds that are territorial or confined to definite home 
ranges could derive any considerable feeding advantages by associat- 
ing with mixed flocks as long as they remain in or near their usual 

territories or ranges. Such birds are usually thoroughly familiar with 

the actual and potential sources of fruit and nectar in and near their 
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territories or ranges.1‘ They probably encounter more competition 

when they associate with individuals of other species of more or less 
similar feeding habits than they would if they always fed by them- 
selves alone. It seems likely, therefore, that protection from enemies 

is the most important advantage obtained by many members of the 
blue and green tanager and honeycreeper alliance and the montane 

bush alliances by most of their associations in mixed flocks in ordinary 
circumstances. 

The importance of the protection factor has been doubted by some 
observers of mixed flocks, largely because mixed flocks are so con- 

spicuous that predators probably notice the members of such flocks 
more frequently than they would notice the same birds apart from 

mixed flocks. This does not, however, mean that birds in mixed flocks 

are actually preyed upon more frequently than birds of the same 
species apart from mixed flocks. (As far as I am aware, there have 
been no quantitative studies comparing the amount of predation upon 

birds in mixed flocks with the amount of predation upon birds of the 
same species in the same environment but not in mixed flocks.) There 
is, in fact, some actual evidence that birds in mixed flocks are particu- 
larly efficient at discovering and/or discouraging potential predators ; 

and various theoretical considerations would suggest that the habit of 
forming mixed flocks may help to protect birds from predators in 

several other ways. 

Birds in mixed flocks are usually particularly efficient at mobbing 

predators. Because they usually stay rather close together, the mem- 

bers of a flock usually respond relatively rapidly when one member of 
the flock begins mobbing. 

Birds in mixed flocks probably notice predators more frequently 
and sooner, on the average, than they would if they were not in flocks. 

As soon as one member notices a predator, it will usually warn all the 
others. (Winterbottom, 1943, did not think that such warnings pro- 
duced much effect in the mixed flocks he observed in Northern Rho- 

17Jn an earlier paper (Moynihan, 1960) it was mentioned that gregariousness 

may be particularly advantageous to birds that feed on fruits that occur in irregu- 

larly scattered masses, e.g., on scattered fruit trees far apart from one another. 

It may be necessary for such birds to make extensive searches over wide areas 

for their food, and they may tend to get more food, on the average, if they go 

searching in groups. The situation of most of the frugivorous members of the 

blue and green tanager and honeycreeper alliance and the montane bush alliances 

is usually quite different. They tend to feed on fruits and other vegetable mate- 

rials that are fairly evenly distributed and common in the environments in which 

they live; and their searching for food is usually intensive rather than extensive. 
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desia. They do, however, seem to be very effective in the mixed flocks 
in Panama. Alarm notes by one bird will at least put the other mem- 

bers of a flock in a state of alert.) 

Birds that are not very shy by themselves will often retreat from 
a potential predator sooner when they are associated with shyer species 
in a mixed flock than when they are not in a mixed flock. Thus, for 
instance, the comparatively tame and unsuspicious plain-colored tana- 
gers usually flee from an approaching human being sooner when they 
are in mixed flocks than when they are in similar flocks (of similar 

size) of their own species alone. 

Predators attempting to attack a member of a flock may be dis- 

tracted by the other members of the flock and hesitate for a moment, 

thus allowing all the members of the flock to escape. It is even possible 
that predators are more reluctant to try to attack a bird in a group 

than a solitary bird, because a group is slightly more intimidating. 

Although protection may be the most important advantage obtained 

by many members of the blue and green tanager and honeycreeper al- 

liance and the montane bush alliances in mixed flocks in ordinary cir- 
cumstances, this does not necessarily mean that it is always the most 

important advantage. Even in the case of the frugivorous and/or 
nectarivorous birds, the discovery of food may be the most important 

advantage obtained by association with mixed flocks in certain special 
circumstances. Thus, for instance, a bird moving into a new and un- 

familiar area may associate with individuals of other species in order 
to find the sources of food in this new area; but it may then continue 

to associate with the other individuals after it has discovered the food 
sources, and may then derive other advantages, such as added protec- 

tion from predators, or no advantages at all. 

It will be noted from the above account that the advantages that 
may be obtained by membership in mixed flocks, including both the 
discovery of food and protection from predators, could also be ob- 
tained by membership in flocks of a single species. This raises an in- 
teresting question. Granted that gregariousness is often advantageous 
in one way or another (as it obviously is), why do more species occur 
in mixed flocks than in unmixed flocks of their own species alone 
(apart from family groups)? Unmixed flocks might be easier to 
form and maintain, and might provide certain other social advantages 
that are lacking in mixed flocks. The answer to this question is prob- 
ably that the members of an unmixed flock often compete with one 
another too strongly. Birds of the same species tend to compete with 
one another more strongly than birds of different species. Associa- 
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tion with individuals of other species in mixed flocks may provide 
most of the advantages that could be obtained by association with 

other individuals of the same species in an unmixed flock, without the 

disadvantages of membership in an unmixed flock. 

THE ORIGIN OF HIGHLY INTEGRATED MIXED FLOCKS 

On logical grounds, one might expect that highly integrated mixed 

flocks could develop by extension and “regularizing” of occasional as- 
sociations between species that are closely related to one another phylo- 
genetically,?® such as the crimson-backed and yellow-rumped tanagers, 

and/or by strengthening and specialization of the social bonds between 
less closely related species that may occur together in larger but essen- 
tially casual aggregations, such as the montane forest groups on Cerro 

Campana. There is some evidence that the latter process may have 

been more important than the former in the evolution of most highly 
integrated mixed flocks of passerine birds. 

Occasional and loose associations between species that are closely 
related to one another phylogenetically are common in many areas. 
The reasons for this are obvious. Closely related species often have 
similar habits and often occur in the same general habitats when they 
occur in the same areas. Closely related species are also often similar 
in appearance, at least in shape or some details of their plumage pat- 

terns. Unless inhibited or counteracted by other factors, such simi- 
larities will inevitably tend to promote or facilitate associations be- 
tween closely related species whenever they come into social contact 
with one another. Regular and close associations between closely re- 
lated species seem to be much less common among passerine birds. 
Closely related (i.e., congeneric) species of passerine birds seem to be 
linked by specialized social bonds less frequently than are less closely 
related species. This may also be a result of competition. 

As a general rule, different species of birds that occupy the same 
areas and habitats can only compete with one another to a certain 
limited extent if they are to continue to live side by side. One species 

will usually or always replace another (or others) in any given area 
and habitat unless there is some sort of (at least partial) ecological 
isolation between the species. The principle of “competitive exclu- 
sion,” i.e., the principle that “complete competitors cannot coexist” 

18 Tt will be necessary in some parts of the following discussion to use the 

terms “related” and “relationships” in two different senses, to refer to both 

phylogenetic and social relationships. The type of relationship discussed in any 

given passage will be specified, or should be clear from the context. 
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(Hardin, 1960), has been questioned or denied (see, for instance, 
Cole, 1960) ; but it does seem to be a valid generalization in the case 

of many species of birds (see, for instance, Lack, 1944 and 1947, and 

Moreau, 1948). All other factors being equal, species that are closely 

related to one another phylogenetically probably tend to compete with 

one another more strongly, in most cases, than species that are dis- 

tantly related to one another, simply because the habits of closely re- 

lated species (including their feeding habits) are usually more sim- 

ilar than the habits of distantly related species. 

Although closely related species that occur in the same areas and 

habitats must almost certainly differ from one another in some aspects 
of their ecology, the ecological isolation between them can only be 

partial. For this reason, and because such species are usually or always 

similar to one another in many other characters, the ecological differ- 

ences between such species probably tend to disappear in certain cir- 

cumstances. Unless strongly reinforced by other factors, the partial 

ecological isolation between such species is almost certain to break 

down or become increasingly ineffective if the species should begin to 

associate with one another increasingly frequently and closely— 

as they are bound to do if they become incorporated in the same 

highly integrated type of mixed flock. There will thus be strong selec- 

tion pressure, in many or most cases, to prevent closely related species 

from associating with one another very frequently and closely and/or 

to increase and strengthen the ecological differences between closely 

related species when they do associate with one another. Thus, highly 

integrated flocks that regularly include two or more closely related 

species are relatively rare (among passerines) ; and when they do 

occur, the closely related species tend to have very distinctly different 

feeding habits (e.g., the Parus species in mixed flocks in European 

woodlands—see Hartley, 1953; Gibb, 1954; and Snow, 1954). 

Among the tanagers, honeycreepers, and finches of mixed. flocks in 

Panama, the most conspicuous examples of two closely related species 

frequently occurring in the same mixed flocks is provided by the palm 
tanager and the blue tanager. These two species coexist over a large 

part of tropical America; but they have slightly different habitat 
preferences, and the blue tanager seems to be slightly more insectivo- 

rous than the palm tanager (at least around the clearing on Barro 

Colorado Island). It is probably also significant that the palm tanager 

and the blue tanager are more often separated by their different habi- 

tat preferences during the breeding season, when competition be- 
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tween them might otherwise be most intense, than during the non- 
breeding season. 

(One aspect of the social relationships between these two species 
in Panama may possibly be typical of the social relationships between 
many other overlapping species of equally similar habits. Palm tana- 
gers and blue tanagers associate with one another very frequently in 
Panama; but this is probably more often due to the fact that they 

both tend to join and follow plain-colored tanagers than to their 
tendencies to join and follow one another. Their associations, in 

other words, are more often indirect than direct. ) 

It seems likely, therefore, that the first highly specialized bonds to 
develop during the evolution of most highly integrated mixed flocks 

of passerine birds were bonds between species that were not very 
closely related, phylogenetically (i.e., species of different genera, or 
even, in many cases, different families). 

All or almost all highly integrated flocks of passerine birds usually 
or always include individuals of certain particular species that show a 
high degree of intraspecific gregariousness and play a nuclear role 
in the mixed flocks. Numerous examples may be cited. Among 
the flocks of tanagers, honeycreepers, and finches in Panama, there 
are the plain-colored tanagers in mixed blue and green tanager and 

honeycreeper flocks, the brown-capped bush-tanagers in mixed mon- 
tane bush flocks, the variable seedeaters in mixed flocks of small 

finches, and the yellow-rumped tanagers in Ramphocelus flocks. 
Among other types of flocks there are white-flanked ant-wrens 
(Myrmotherula axillaris) in mixed flocks of insectivorous birds in the 

lowland forests of central Panama (Johnson, 1954, and R. H. 
Barth Jr., in litt.); green-headed tanagers (Tangara seledon) in 
mixed flocks of tanagers and honeycreepers in southern Brazil 
(Mitchell, 1957) ; various species of Acanthiza, gray fantails (Riipi- 

dura flabellifera), orange-winged sittellas (Neosttta chrysoptera), 

and probably some other species, in mixed flocks of insectivorous 
birds in Australia (Gannon, 1934, and Hindwood, 1937) ; white- 
headed vangas (Artamella viridis) in some mixed flocks of forest 
birds in Madagascar (Rand, 1936); and black-capped chickadees 

(Parus atricapillus) in mixed flocks in North American woods in 

winter (Odum, 1942). 

More often than not there is only one species that shows a high 
degree of intraspecific gregariousness included in any given type of 
mixed flock in any given area. This would suggest that the usual 
course of evolution of many highly integrated mixed flocks of pas- 
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serine birds may be as follows. The first stage is probably usually 

the formation of specialized social bonds between a species that shows 
a high degree of intraspecific gregariousness and one or a few other 
species that do not show a high degree of intraspecific gregariousness. 

The former species is almost certain to become a passive nuclear 
species in the evolving flock. The subsequent history of the flock is 
probably largely dependent upon the nature of the other species that 
first become attached to the passive nuclear species. If these species 
become attendant species, the flock may not develop much further. 
If one or more of them should become an active nuclear species, 
however, this may provide a strong impetus to further elaboration 

of the flock. Active nuclear species will greatly increase the con- 
spicuousness of the flock and contribute a variety of new stimuli, new 
sounds, colors, visual patterns, and/or movements, to broaden and 

strengthen the general effect which the flock produced upon other 

species in its vicinity. These additions may increase the attractive- 
ness of the mixed flock to other species and induce the other species 
to become regular members of the flock in turn. If one or more of 
these new regular members should also become active nuclear species, 
this may provide another strong impetus to further elaboration of 
the flock. Thus, the flock may grow by a snow-balling process until 

all the suitable species in the area and environment have become in- 
corporated in it in one way or another. 

One of the later stages in the development of many large and com- 
plex types of mixed flocks may be the fusion of smaller types of mixed 
flocks, each of which grew up around a different passive nuclear spe- 
cies. It is possible, for instance, that the typical large blue and green 

tanager and honeycreeper flocks in Panama were developed by an in- 

complete fusion of predominantly tanager flocks and predominantly 
honeycreeper flocks. 

The evolution of very specialized morphological and behavioral 

characters, such as neutral coloration, social mimicry, and the reduc- 

tion or loss of interspecific aggressiveness, by some or all of the regu- 

lar members of the flock, may also be typical of the later stages in 

the development of many mixed flocks. Neutral coloration and the 
reduction of interspecific aggressiveness probably facilitate the incor- 
poration of more new members in the flock; but social mimicry may 
have just the opposite effect. As social mimicry will tend to make the 

members of a flock more and more homogeneous in appearance 

and/or voice, it will probably make it more and more difficult for other 

species of dissimilar appearance or voice to join the flock. Social 



NO. 7 FLOCKS OF NEOTROPICAL BIRDS—-MOYNIHAN 125 

mimicry, in other words, will tend to make a flock a closed society. 

It is probably significant that the largest mixed flocks of small finches 
in Panama, in which social mimicry seems to be most highly developed, 
include fewer species than many mixed blue and green tanager and 

honeycreeper flocks and mixed montane bush flocks. 

THE DISTRIBUTION OF MIXED FLOCKS AND THE SPECIES 
INCORPORATED IN SUCH FLOCKS 

There seems to be a general correlation between the social roles 
and the geographical distribution of many tanagers and finches and 
some other birds that are regular members of mixed flocks in tropical 
America. This correlation is clear in the case of the species of the 
mixed blue and green tanager and honeycreeper flocks. The plain- 

colored tanager, which is much the most important passive nuclear 
species in fully-developed blue and green tanager and honeycreeper 
flocks, has by far the most restricted distribution of any of the regu- 
lar members of such flocks. It is confined to the lowlands of Colom- 

bia, Panama, and Costa Rica.1® This is appreciably smaller than the 

range of the golden-masked tanager, which is probably closely related 

to the plain-colored tanager (the two species share a number of char- 
acters that are not found in other Panamanian species of Tangara), 
and occurs in many of the same habitats in Panama, but is apparently 
an active nuclear species in mixed blue and green tanager and honey- 
creeper flocks. Various subspecies of the golden-masked tanager ex- 
tend from western Ecuador to southeastern México. (Hellmayr, 
1936, includes the form nigro-cincta in the same species; but this has 
been questioned by Eisenmann, 1957. If Jarvata and nigro-cincta are 
really conspecific, then the range of the species also extends over most 

of tropical eastern South America.) All the other, more important, 
active nuclear species among the more common regular members of 
the mixed blue and green tanager and honeycreeper flocks, i.e., the 
palm tanager, the blue tanager, and the green honeycreeper, are at 

least as widely distributed as the golden-masked tanager, extending 

over all or most of the lowlands of tropical Central and South 

America. 

Similar mixed flocks of tanagers and honeycreepers occur in the 

19 Unless stated otherwise, these and the following summaries of the ranges 

of different species are based upon Hellmayr, 1925 (furnariids), 1935 (vireos, 

warblers, and honeycreepers), 1936 (tanagers), and 1938 (finches). 

Hellmayr states that the plain-colored tanager is confined to Colombia and 

Panama; but it has been found in northeastern Costa Rica by Slud (1960). 
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lowlands of southern Brazil, and have been described by Mitchell 
(1957). The most common birds in some of these flocks are green- 

headed tanagers. Mitchell suggests that they play a nuclear role in 
these flocks. Her description would imply that they show a high de- 
gree of intraspecific gregariousness and are usually or always passive 
nuclear in mixed flocks.*° The distribution of green-headed tanagers 

is comparatively restricted. They are confined to the wooded regions 

20 As the social behavior and social relationships of the green-headed tanager 

seem to be at least roughly similar to those of the plain-colored tanager, it may 

be of interest to compare some of the other characters of the two species. 

Like the plain-colored tanager, the green-headed tanager seems to have lost 

the warbling song patterns that are conspicuous in the signal repertories of 

many less gregarious species of Tangara (Butler, 1894). 

Mitchell noted that most of the plumage of many of the green-headed tanagers 

in the flocks she watched was “mottled and nondescript.” The birds with such 

plumage may have been young. Mitchell also cites Descourtilz (1856) who 

thought that green-headed tanagers take three years to attain fully adult plumage. 

None of the Central American species of Tangara seems to take as long to attain 

fully adult plumage (Skutch, 1954). It is conceivable, therefore, that green- 

headed tanagers retain their dull juvenile plumage for a relatively long period 

of time as an adaptation to facilitate their role in mixed flocks. Their rela- 

tively dull juvenile plumage may subserve the same function, in the same way, 

as the dull neutral plumage of both adult and young plain-colored tanagers. 

The fully adult plumage of green-headed tanagers is even more interesting in 

this connection. In an earlier discussion of the plain-colored tanager, quoted 

above, it was suggested that the dull neutral coloration of this species is partly 

a compromise. Such coloration may have been evolved because plain-colored 

tanagers could not evolve plumage colors and patterns more like those of their 

most common associates in mixed flocks, simply because the colors and patterns 

of these associates are themselves very diverse. It is possible, however, that 

green-headed tanagers have been able to achieve this difficult feat. The species 

that associate with green-headed tanagers are also very diverse in color and 

pattern; but the coloration of adult green-headed tanagers is far from dull. 

It includes areas of orange, yellow, two or three shades of green, bright blue, 

violet, and black, arranged in such a way as to provide the maximum amount 

of “flash.” Many of the other species that encounter green-headed tanagers may 

find some or all of the colors of their own plumages matched or nearly matched 

in the colors of the plumage of adult green-headed tanagers. This would be 

expected to render adult green-headed tanagers particularly attractive to a wide 

variety of other species. 

The plumage of adult red-necked tanagers (Tangara cyanocephala), which 

occur in some of the same flocks as green-headed tanagers, is equally brilliant 

and varied, including areas of bright red, bright green, blue, and black. 

It might be convenient to call plumages such as those of adult green-headed 

tanagers and red-necked tanagers “bright neutral” plumages, in contrast to the 

“dull neutral” plumages of plain-colored tanagers and young green-headed 

tanagers, 
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of southeastern Brazil, Misiones, and eastern Paraguay. Mitchell 
also cites a number of other species as more or less frequent asso- 
ciates of the green-headed tanager in mixed flocks, including the 
red-necked tanager, Spix’s scarlet-crested tanager (Tachyphonus 
cristatus), the rufous-headed tanager (Hemithraupis ruficapilla), the 

yellow-headed tanager (H. flavicollis),?* the bananaquit, and the blue 
dacnis. Mitchell’s description would imply that all or most of these 
species are usually or always active nuclear or attendant species in 

these flocks. They are all much more widely distributed than the 
green-headed tanager. 

Slud (1960) has described certain aspects of some mixed flocks 
that occur in lowland forest and scrub in northeastern Costa Rica, in 

an area that is more humid, or more consistently humid, than most 

of central Panama. Some of these Costa Rican flocks are largely or 
completely composed of tanagers, honeycreepers, and/or finches. Slud 
cites three species of tanagers and one species of finch that are 
rare or absent in central Panama but are common and tend to 
play nuclear roles in mixed flocks in Costa Rica. These species are 

the black-faced grosbeak (Caryothraustes poliogaster), the olive tana- 
ger (Chlorothraupis carmioli), the tawny-crested tanager (Tachy- 

phonus delatrii), and the great shrike-tanager (Lanio aurantius).?? 

The first three species show a high degree of intraspecific gregarious- 
ness and seem to play passive nuclear roles in all or most of the mixed 

flocks with which they are associated. Their social behavior would 
thus appear to be essentially identical with that of plain-colored tana- 

gers in central Panama. Great shrike-tanagers are not highly 
gregarious among themselves, but also seem to play a passive nuclear 

role in mixed flocks. All four of these passive nuclear species have 

comparatively restricted ranges. The black-faced grosbeak extends 

from southeastern México to central Panama. The olive tanager 

extends from eastern Nicaragua to eastern Panama, and has an 

isolated population in part of tropical Pert. The tawny-crested 
tanager extends from eastern Nicaragua to western Ecuador. The 
great shrike-tanager extends from southeastern México to western 

Panama. It will be noticed that none of these species is widely 
distributed in the Amazonian region of South America. The ranges 

of these species cannot, unfortunately, be compared with those 

21 The Latin names of these purely South American species follow Pinto 

(1944). The English vernacular names are those used by Mitchell. 

22 Both the scientific and vernacular names of these species follow Eisenmann, 

1955. 
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of their most important associates, as Slud does not mention which 
species played active nuclear roles in the flocks he observed. He does, 
however, state that the green honeycreeper, which is an active nuclear 
species in central Panama, also occurs in mixed flocks in Costa Rica. 
Three of the four passive nuclear species cited by Slud are the only 
species of their genera in Costa Rica (and most of Central America) ; 
but there are two other species of Tachyphonus in Costa Rica, the 
white-shouldered tanager and the white-lined tanager, that do not 
seem to play nuclear roles in the Costa Rican mixed flocks, any more 
than they do in mixed blue and green tanager and honeycreeper flocks 
in central Panama (see above). It may be significant, therefore, that 
both the white-shouldered tanager and the whilte-lined tanager are 

very widely distributed, much more so than the closely related but 
passive nuclear tawny-crested tanager. The white-shouldered tanager 
and the white-lined tanager extend over all or most of Amazonian 

South America. 
(Both sexes or the adult males of the four passive nuclear species 

cited by Slud are largely black and/or yellow or yellow-olive. Sev- 

eral other tanagers and some migrant warblers that Slud observed 

associating with mixed flocks are also prominently marked with black 

and/or yellow. Such similarities are presumably not coincidental and 

may facilitate the formation of mixed flocks in much the same way 
as the similar colors of many members of the montane bush alliances.) 

Finally, variable seedeaters, which are very gregarious among them- 
selves, are much less widely distributed than blue-black grassquits, 
which are much less gregarious among themselves but tend to join 
and follow variable seedeaters in mixed flocks of small finches. 

These facts would suggest that there may be a very general rule, 
among many different types of lowland tanagers and finches in tropi- 
cal America, that species that play passive nuclear roles in mixed 
flocks have comparatively narrow ranges, while species that play ac- 

tive nuclear roles have very broad ranges. 

Within the lowlands of the American Tropics, the occupation of 
new areas may be easier for individuals of active nuclear species 

adapted to lowland tropical habitats than for individuals of passive 
nuclear species that are otherwise equally well adapted to such habitats. 
Individuals of the two types of species may reach new areas equally 

frequently, on the average, and may be almost equally likely to secure 

mates in new areas (see below) ; but individuals of active nuclear spe- 
cies moving into a new area are probably much more likely to form 
strong social bonds with other species already established in the area 
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than are individuals of passive nuclear species. Individuals of active 
nuclear species moving into a new area probably tend to join and fol- 

low individuals of many already-established species, including passive 

nuclear species, other active nuclear species, and less specialized 

species. Individuals of passive nuclear species moving into a new area 

are probably not joined and followed by individuals of as many al- 

ready established species. They may attract active nuclear species and 

less specialized species, but probably not other passive nuclear species. 
Individuals of active nuclear species may also tend to react to indi- 

viduals of already-established species more frequently and more rap- 
idly than individuals of already-established species react to individuals 

of passive nuclear species. By associating more closely with the 

already-established species, individuals of active nuclear species prob- 

ably discover the food sources and/or potential danger spots of an 

area with which they are unfamiliar more rapidly than do individuals 
of passive nuclear species in similar circumstances. 

There may also be a general, but indirect and much less consistent, 

correlation between the ranges and social roles of the species of the 

montane bush alliances of Panama. Interestingly enough, this cor- 

relation seems to be almost the reverse of the correlation noted in the 

case of the tanagers and finches of the lowland flocks. 

The brown-capped bush-tanager, the most important passive nuclear 

species of the higher-altitude montane bush flocks, and a species that 

shows a high degree of intraspecific gregariousness, is very widely 

distributed in montane and hill regions from southern México to 

northern Argentina. The golden-crowned warbler, which also shows 

a high degree of intraspecific gregariousness and may play an equally 

important passive nuclear role in the lower-altitude montane bush 

flocks, is also very widely distributed from northeastern México to 

eastern and southern Brazil. 

None of the species of the montane bush alliances that usually or 

always tend to join and/or follow other species very frequently are 

as widely distributed as the brown-capped bush-tanager or the golden- 

crowned warbler. Some of them, including species that are usually 
active nuclear species and those that are usually attendants in mixed 
montane bush flocks, have comparatively very restricted ranges. The 
yellow-thighed finch, the ruddy tree-runner, the black-cheeked war- 

bler, and the collared redstart, are restricted to the mountains of 

Panama and Costa Rica; and several others do not extend very much 

farther into the mountains of northern Central America and/or north- 



130 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 143 

western South America. It will be noted that none of these species 
shows a very high degree of intraspecific gregariousness. 

The sooty-capped bush-tanager, which is an important passive nu- 

clear species but which does not show a high degree of intraspecific 
gregariousness like the brown-capped bush-tanager and the golden- 

crowned warbler, is also confined to the mountains of Panama and 

Costa Rica. 

It is possible, therefore, that the brown-capped bush-tanager and 
the golden-crowned warbler are more widely distributed than most 

of their associates, not so much because they are passive nuclear 
species in mixed flocks as because they are both highly gregarious 
among themselves. All other factors being equal, a high degree of 
intraspecific gregariousness probably is (or was until recently) rela- 
tively much more advantageous to most montane species than to most 

lowland species in most regions of tropical America. 

The forest and scrub areas inhabited by most lowland tanagers 
and finches were probably nearly continuous, or interrupted by only 
relatively small areas of other habitats, over the larger part of tropi- 
cal America before human settlement became very dense (see also 
comments below). Most of the lowland tanagers and finches of the 
American Tropics probably occupied all or a large part of their ranges 

more or less gradually. Individuals of many of these species must 
have been able, in many cases, to move into new areas previously un- 
inhabited by their species without going very far from the areas in 
which they themselves were raised. Thus, even a single individual of 
a species that did not show a high degree of intraspecific gregarious- 
ness was probably often able to obtain a mate, when it moved into a 
new area, by attracting one from an adjacent area previously occu- 
pied by the species, or because other individuals of the same species 

would tend to stray into the new area on their own initiative. In such 

circumstances, many lowland species that did not show a high degree 
of intraspecific gregariousness were probably able to spread as easily 
as, or more easily than, many lowland species that did show a high 
degree of intraspecific gregariousness. 

The original situation of the montane species in tropical America 
must have been very different. Areas of montane forest and scrub 

have probably always been rather scattered in much of Central and 

South America, and many of these cannot have been occupied by a 
process of gradual diffusion. In order to reach such areas, individuals 

of montane species must have had to make long jumps over wide ex- 
panses of unsuitable habitats. Individuals of montane species that 
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show a high degree of intraspecific gregariousness can probably cross 
such wide gaps and occupy new areas successfully more frequently 
than individuals of montane species that do not show a high degree of 
intraspecific gregariousness because they will often arrive in a new 
area on the other side of a wide gap in a group, from which mates can 

be obtained, while individuals of other species will usually arrive singly 
and be unable to obtain mates, as they will seldom or never be able 
to attract other individuals of their own species from adjacent areas, 
and other individuals of their own species will not be likely to stray 
into the new area of their own accord.** 

The migrant species, which occur in mixed flocks in the Tropics 
only part of the year, have not been mentioned in the preceding dis- 
cussion because they are a very special case. It might be noted, how- 
ever, that most of them are quite widely distributed when in the 
Tropics, and tend to occur in a relatively wide variety of habitats. 
They all seem to be primarily joiners and/or followers when they 
associate with mixed flocks in the Tropics, either attendant species or 
not very important active nuclear species. They also tend to choose 
a relatively wide variety of companions of other species. 

Published accounts of mixed flocks of tanagers, honeycreepers, 
and/or finches (with or without warblers) would suggest that such 
flocks are not evenly distributed throughout tropical America. More 
different types of mixed flocks of these birds have been noted in the 
lowlands of Central America and southern Brazil than in the low- 
lands of the Amazon basin, in spite of the fact that there are prob- 
ably more genera and species of lowland tanagers and honeycreepers 
in the Amazon basin than anywhere else in the American Tropics. 
Similarly, more different types of mixed flocks of these birds have 
been noted in the mountains of Central America than in the central 
Andean region, in spite of the fact that there are more genera and 

species of montane tanagers, honeycreepers, and finches in the cen- 
tral Andes than anywhere else in the mountains of the American 
Tropics. 

The greater number of records of mixed flocks in Central America 
and southern Brazil may be partly an artifact, as there have been 

more observers interested in avian behavior and ecology in these re- 

23 The distribution of montane species in much of tropical America is essen- 

tially insular. It has often been remarked that species of land birds that show 

a high degree of intraspecific gregariousness are more likely to cross water gaps 

and establish themselves successfully on islands than are species of otherwise 

similar birds that do not show a high degree of intraspecific gregariousness (see, 

for instance, Mayr, 1931, and Amadon, 1950). 
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gions than in the Amazon basin and the central Andes; but it may also 
reflect a real difference in the abundance of mixed flocks in these 
regions. Some observations of my own may be of interest in this 
connection. 

Both palm tanagers and blue tanagers were observed very fre- 
quently near Iquitos, in Amazonian Pert, in December of 1958. Ac- 
cording to Hellmayr (1936), both of these species in this region are 
subspecifically distinct from the representatives of the same species 
in Panama ; but most of their habits seemed to be identical with those 

of the Panamanian forms. The only very distinctive feature of the be- 
havior of the Iquitos palm tanagers and blue tanagers was their very 
slight degree of interspecific gregariousness. Individuals of both spe- 
cies frequently occurred in small flocks of their own species alone near 

Iquitos; but they very seldom occurred in mixed flocks and never in 
highly integrated mixed flocks during my observations in this area. 
It was particularly surprising that the palm tanagers and blue tanagers 
near Iquitos did not associate with one another very frequently be- 
cause they often fed on the same or similar foods in the same trees. 

(The rarity of associations between palm tanagers and blue tanagers 
near Iquitos may have been partly due to the fact that there were no 
species of Tangara comparable to the plain-colored tanager in this 
area. Thus the palm tanagers and blue tanagers near Iquitos did not 
tend, or did not have the chance, to associate with one another indi- 

rectly in the same way as the same species in central Panama. But 
they also joined and followed one another directly much less fre- 
quently than palm tanagers and blue tanagers in Panama.) 

As noted above, silver-billed tanagers were also very common near 
Iquitos. Aside from the one family that occurred in association with 
the family of black-throated tanagers, the silver-billed tanagers of this 

area seldom or never occurred in mixed flocks. They were very sim- 
ilar to crimson-backed tanagers in appearance and actions; but they 

did not seem to be nearly as attractive to individuals of other species 
as crimson-backed tanagers in central Panama. 

Two small finches, Sporophila castaneiventris and Oryzoborus 
angolensis, were observed in open scrub and grasslands near Iquitos. 
Neither species occurred in mixed flocks as frequently as some of the 
Central American species of the same genera. 

Montane birds of the central Andes were studied during two brief 
visits to Ecuador between August 4 and August 9, 1959, and between 

May 19 and June 2, 1960, on the slopes of Pichincha and Atacazo 

above Quito, near Quito itself, and near the town of San Antonio 
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below Quito. There is a good deal of bush and scrub in this area, 
especially on Pichincha and Atacazo ; and much of it is reminiscent of 
the montane bush on the Volcan de Chiriqui. It is inhabited by a 
great variety of tanagers, honeycreepers, and finches, many of which 
have many of the same habits as the members of the montane bush 
alliances on the Volcan de Chiriqui. Some of these birds are sup- 
posed to be closely related to species that associate in mixed flocks in 
Panama. Among them are two species of Thraupis, bonariensis and 
cyanocephala, and two conspicuous and brightly colored species of 
Atlapetes, leucoptera and rufinucha, which feed and move through 
shrubbery in very much the same way as bush-tanagers on the Volcan 

de Chiriqui. In spite of these resemblances, the tanagers, honey- 

creepers, and finches of the montane bush near Quito do not seem to 
form mixed flocks like the mixed flocks of the montane bush alliances 
on the Volcan de Chiriqui. Individuals of several species frequently 
occur together when they feed in the same trees or shrubbery in the 
montane bush near Quito; but all or most of these associations seem 
to be purely casual aggregations. Such associations seem to be usually 
or always brief, and do not appear to be organized in any very regular 
or definite way. 

These observations would suggest that mixed flocks of tanagers, 

honeycreepers, and/or finches may really be more common (and may 
even tend to be more highly organized, on the average) in Central 
America and southern Brazil than in the Amazonian region or the 

central Andes. 

The tanagers and honeycreepers are certainly primarily tropical 
South American groups, at least at the present time. Most of the 
finches that occur in mixed flocks in Central America also belong to 
primarily tropical South American groups. Both Central America and 

southern Brazil seem to be marginal, partly isolated, and relatively 
unfavorable areas for such groups. The southern Brazilian region 

verges on the Temperate Zone. The forests of southern Brazil, where 

the mixed flocks of tanagers, honeycreepers, and finches have been 
noted, are partly separated from the main body of Amazonian forests 
at the present time by wide intervening areas of savanna and compara- 

tively dry scrub (see, for instance, Cruz Lima, 1945, and Darlington, 

1957). Central America also verges on the Temperate Zone. The 

tropical forests of Central America are probably less complex, provid- 

ing fewer habitats, than the forests of the Amazon basin (Holdridge, 

quoted in Slud, 1960). Many birds of primarily North American 

groups have penetrated into Central America, to a greater or lesser ex- 
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tent, where they provide competition for birds of South American ori- 
gin. The forest and scrub areas of lowland Central America are partly 
separated from the forests of the Amazonian region at the present time 
by the Andes of northwestern South America and some other physio- 
graphic barriers, while the montane forest and scrub of Central 
America are separated from the Andes by intervening lowland areas 

such as the Atrato River valley and central Panama. Some or all of 
the barriers partly separating Central American faunas from South 
American faunas may have been less important, or may not have 
existed at all, during some of the climatic fluctuations of the Pleisto- 

cene; but they have certainly been intermittently effective, at least 
slowing the spread of many species of birds, for a considerable length 
of time (see Chapman, 1917 and 1926). 

It is possible, therefore, that species of tanagers, honeycreepers, 
and neotropical finches that have developed the habit of associating 
in mixed flocks in any capacity or social role may tend to survive 
better in relatively unfavorable or partly isolated habitats and/or 

invade relatively unfavorable or partly isolated habitats more suc- 

cessfully than related and otherwise similar species that have not 
developed such habits. 

SUMMARY 

Several different types of mixed species flocks, composed of finches, 
tanagers, honeycreepers, and/or warblers (and sometimes species of 

other groups as well) are common in Panama. Two types of these 

flocks were studied in some detail: mixed blue and green tanager and 

honeycreeper flocks in the lowlands of central Panama, and mixed 

montane bush flocks on the Volcan de Chiriqui in western Panama. 

Mixed blue and green tanager and honeycreeper flocks are com- 

plex societies. Each of the species commonly occurring in such 

flocks tends to play a characteristic and rather consistent social role, 

which is more or less distinctly different from that of every other 

species commonly occurring in the flocks. Such roles are the results 

of complex interactions between each species and at least one (usually 

several) other species. Several of the species tend to react differ- 

ently to each of several other species. Some species seem to have 
developed “‘special interspecific preferences” for certain other species. 

Special interspecific preferences may be expressed by apparently 
“friendly” joining and following reactions and/or by largely or com- 

pletely hostile supplanting attacks. Some of the species commonly oc- 

== 
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curring in mixed blue and green tanager and honeycreeper flocks have 

also developed other special characters, such as dull “neutral” plumage, 
to facilitate the performance of their characteristic social roles within 
mixed flocks. 

The species that occur in mixed blue and green tanager and honey- 
creeper flocks can be divided into “regular” and ‘‘occasional”” members 
of the flocks. They can also be divided into “nuclear” and “attendant” 
species. A species may be considered nuclear in any given type of 

mixed flock if its behavior contributes appreciably to stimulate the 
formation and/or maintain the cohesion of that particular type of 
mixed flock. Some species are nuclear in one type of mixed flock but 
not in others. The nuclear species of mixed blue and green tanager 

and honeycreeper flocks can be divided into “passive” nuclear species 
and ‘‘active’ nuclear species. Passive nuclear species are usually 
joined and followed by other species much more frequently than they 
join and follow other species. Active nuclear species usually join and 

follow other species much more frequently than they are joined and 
followed by other species. 

The mixed montane bush flocks that occur at higher altitudes on 

the Volcan de Chiriqui seem to be approximately as complex and as 
highly organized as mixed blue and green tanager and honeycreeper 
flocks; but their social structure is not identical with that of the 

latter in all details. Interspecific supplanting attacks are much less 

common in the higher-altitude mixed montane bush flocks than in 
mixed blue and green tanager and honeycreeper flocks. Some of the 

nuclear species of higher-altitude mixed montane bush flocks are not 

consistently passive or consistently active. Most of the differences be- 
tween the social organization of the higher-altitude mixed montane 
bush flocks and the social organization of mixed blue and green 
tanager and honeycreeper flocks may be due to the fact that the mem- 

bers of higher-altitude mixed montane bush flocks compete directly 
with one another for food less frequently than do members of mixed 
blue and green tanager and honeycreeper flocks. 

Several other types of mixed flocks, including flocks of small 
finches, forest birds on an isolated mountain in central Panama, and 

species of the genus Ramphocelus were studied in less detail. These 
flocks appeared to be simpler and/or less highly organized than mixed 
blue and green tanager and honeycreeper flocks or the higher-altitude 
mixed montane bush flocks on the Volcan de Chiriqui. 

It seems likely that most species of neotropical finches, tanagers, 

honeycreepers, and/or warblers obtain several advantages, including 
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extra food and protection from predators, by associating in mixed 
flocks. The additional protection from predators may be the most 
important advantage obtained by most of these species when they as- 

sociate in mixed flocks in most circumstances. 

The initial step in the evolution of most highly organized mixed 
flocks of passerine birds was probably the formation of special social 
bonds between a species that showed a high degree of intraspecific 
gregariousness and one or more species that did not show a high 
degree of intraspecific gregariousness. The former probably became 
a passive nuclear species in most cases. The subsequent history of 
such flocks was probably largely dependent upon the appearance and 
behavior of the other species that became attached to the passive 
nuclear species. Some of the characters of some species that seem 

to be adaptations to promote the formation and/or maintain the 
cohesion of a particular type of mixed flock may facilitate the in- 
corporation of additional species as new regular members in mixed 

flocks of that particular type; but other characters that seem to be 

adaptations to subserve the same functions may tend to prevent the 
incorporation of additional species. 

The finches and tanagers that are known to play passive nuclear 

roles in mixed flocks in the lowlands of central Panama or other 
lowland areas of the American Tropics are less widely distributed 

than species that are known to play active nuclear roles in the same 
mixed flocks (and some closely related species that do not play any 
sort of nuclear role in mixed flocks). Active nuclear species of finches 

and tanagers that are adapted to the lowland Tropics may be able to 
invade new areas within the American lowland Tropics more success- 

fully, in most cases, than otherwise similar but passive nuclear species. 

Two largely passive nuclear species of the mixed montane bush 
flocks on the Volcan de Chiriqui are much more widely distributed 
than most of the other species commonly occurring in such flocks. 
The comparatively wide distribution of these passive nuclear species 
may be due to the fact that they both show a high degree of intra- 

specific gregariousness. On logical grounds, it might be expected 
that montane species that show a high degree of intraspecific gregari- 

ousness would be able to invade new montane areas in the American 
Tropics more successfully, on the average, than otherwise similar 
species that do not show a high degree of intraspecific gregariousness. 

Various observations during this study, and published records, 
would suggest that mixed flocks of tanagers, honeycreepers, and/or 
finches are not evenly distributed throughout tropical America. It is 

— 
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possible that species of tanagers, honeycreepers, and neotropical 
finches that have developed the habit of associating in mixed flocks, 
in any capacity or social role, may tend to survive better in relatively 
unfavorable or partly isolated habitats within the Tropics and/or in- 
vade such habitats more successfully than related and otherwise simi- 
lar species that have not developed such habits. 
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