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ABSTRACT

Anayss of foraminifera faunas in 89 sediment samplesfrom the barrier ref and lagoon d British
Honduras showed that the largest living and total foraminiferal populationsare on the leeward side
d mangrove and coral-sand cays in the ref tract, and in the lagoon near the mouths of rivers.

The living Foraminifera wére divided into the barrier-reef-tract and lagoon faunas, reflecting the
two magjor environments d the area. The reef-tract fauna was divided further into the main-reef,

reef-margin, and reef-channel assemblages.

Temperature and salinity measurements of 41 bottom-water samples indicated a decrease in
temperatureand an increasein salinity from the mainland toward the barrier reef.

I NTRODUCTION

This paper isa summary of a study of modern
foraminiferal populations in the coastal areas of
British Honduras. This region, which is character-
ized by a humid, tropical hinterland and major

rivers, is bordered by an extensive barrier-reef-.

tract and lagoonal complex.

The objectives of the study were (1) to com-
pare the patterns of distribution of living and
total (living and dead) foraminiferal populations
in the barrier-reef-tract and lagoon environments;
(2) to determine the foraminiferal assemblages
characteristic of the reef and lagoon floor; and
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(3) to measure certain ecologic factors which
may have controlled the distribution of living for-
aminiferal populations. This information may be
useful in the interpretation of environments from
ancient reef and lagoon desposits.

PREVIOUS WORK

Recent Foraminifera from the coastal area of
British Honduras had not been investigated pre-
vioudly, although there are numerous publication~
on Foraminifera from adjacent areas in the West
Indian zoogeographic province. The earliest of
these works were the taxonomic papers of
d’Orbigny (1839) and Brady (1884). Later stud-
ies were made by Vaughan (1918), Cushman
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(1948a, b), Kornfeld (1931), and Saunders
(1957, 1958); these papers include ecologic data
concerning water depth and substrate.

Ecologic works on West Indian Foraminifera
are by Bandy (1954, 1956), Lankford (1959),
Lehmann (1957), Moore (1957), Parker et al.
(1953), Phleger (1954, 1955, 1956, 1960), Phle-
ger and Lankford (1957), Phleger and Parker
(1951), Post (1951), and Walton (1960). M ost
of these investigations concern the distribution of
living and dead foraminiferal populations and en-
vironmental parameters.
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The general geology of the British Honduras
areais described by Ower (1928), Dixon (1957),
and Flores (1952). The bathymetry and physiog-
raphy of the barrier reef and lagoon are de-
scribed by Vermeer (1959); Stoddart (1962)
gives a comprehensive account of the geology of
the barrier-reef zone.

DESCRIPTION OF AREA

British Honduras is a crown colony in Central
America which shares borders with Mexico on the
north and Guatemala on the south; the country is
bounded on the east by the Caribbean Sea (Fig.
1). The coastal region of British Honduras is sub-
divided into three major physiographic zones: a
zone 2f coastal swamps, a reef lagoon, and a bar.
rier-reef tract. The hinterland is humid and is
drained by numerous major rivers which open ei-
ther into the coastal swamps or directly into the
main lagoon. The chief rivers, from north to
south, are the Belize, Sibun, Manatee, and Sars-
toon.

The barrier-reef tract is fronted on the Carib-
bean side by an aimost continuous reef wall com-
posed of skeletons of Acropora and other coral
communities (Stoddart, 1962). This wall rises
into the surf zone and forms a barrier to incom-
ing waves from the Caribbean Sea. Leeward from
the reef wall is a wide "reef flat™ characterized
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by extensive seagrass meadows, coral knolls, and
emergent mangrove cays. The shape of the reef

tract, a series of broad arcs, is probably a reflec-
tion of underlying structure; the reef is thought
to be situated on the margins of large fault scarps
which plunge to abyssal depths in the Gulf of
Honduras (Stoddart, 1962). The reef tract is ter-
minated on the south where it breaks up into a
series of isolated patch reefs and microatolls.
About 15 mi southeast of Belize, Eastern Chan-
nel, with an average depth of about 100 ft,
meanders through the reef tract. Dixon (1957)
suggests that this channel is a drowned river val-
ley and, following Ower (1928), considersit to be
the former path of the Belize or Sibun River.

Thelagoon is between the mainland and the bar-
rier reef. It is approximately 90 mi long and av-
erages about 17 mi in width. According to Ver-
meer (1959), the Belize Harbor segment of the
lagoon is a basin, partly closed on the south by
two westward projections of the barrier reef.
South of Belize Harbor the lagoon is an oblong
basin which gradualy narrows toward the south
and opens again into the Gulf of Honduras.

The lagoon floor deepens gradually from the
mainland shore; maximum depths are adjacent to
the leeward margin of the reef tract. There is
also a general deepening of the lagoon floor from
north to south. Within Belize Harbor, the water
deepens from the mainland toward the reef to a
maximum depth of 42 ft. South of Belize Harbor
the water deepens toward the barrier reef and has
a depth of 72 ft about 12 mi from the mainland.
Despite the depth variation caused by the pres-
ence of the numerous coral banks and patch reefs

_in the southern lagoon, there is a general deepen-

ing toward the barrier reef to a maximum depth
of 120 ft near the reef. In a north-south direc-
tion, from Belize Harbor to the southernmost
part of the lagoon, the water deepens from 42 to
120 ft in a distance of nearly 90 mi, an average
north-south slope of dlightly more than 1 ft/mi

(Fig. 2).
METHOD OF STUDY

Collection of samples.— Eighty-nine sediment
samples and 41 samples of bottom water were
collected from the reef tract and lagoon. Station
locations are shown on Figure 3. Three types of



sampling equipment were used to collect the sedi-
ment samples. The lagoon samples (excluding
those from Belize Harbor) were collected with a
2-in.-diameter gravity coring tube. Samples from
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Belize Harbor and some from the barrier reef
were collected from a small boat by use of a
smaller coring tube 18 in. long and 134 in. in di-
ameter. Because of the nature of the substratum



314

it was impossible to core in the barrier-reef tract,
and a small Van Veen sampler was used.

Beforea core was extruded from the core liner,
the water was siphoned off carefully to 1 in.
above the sediment-water interface. The remain-
ing water was poured into a sample jar and the
core was extruded partialy from the liner. A con-
stant-volume device, patterned after the one de-
scribed by Walton (1955), was used to separate
the top 1 cm from the rest of the core. The sedi-
ment sample was placed in the sample jar with
the previously collected water, and alcohol was
added to preserve the protoplasm of the living
foraminifers. I't was impossible to use this proce-
dure for samples collected by means of the Van
Veen sampler. Instead, the constant-volume de-
vice was filled with sediment carefully removed
from the top of the sampler.

Laboratory methods.— Procedures in the labo-
ratory consisted of identifying the foraminifers,
determining the living and total foraminiferal
populations, and photographing some of the more
important foraminiferal species.

Three operations were necessary to determine
the living and total foraminiferal populations in
each sample: (1) the protoplasm of the living
specimens in each sediment sample was stained
with rose bengal by a method similar to that of
Walton (1952); (2) the stained foraminifers in
each sediment sample were identified and
counted; and (3) al of the specimens, living or
dead, in each sediment sample were identified
and counted. The term "living foramnifers” re-
fers to specimens which contained protoplasm at
the time of sampling; "dead foraminifers™ refers
to specimens which did not contain protoplasm at

procedure, the foraminifers were concentrated by
use of carbon tetrachloride. If the populations in
any fraction were very large, they were split by
means of an Otto microsplitter (Otto, 1933). No
fraction was split more than four times.

The foraminifers considered significant for de-
termining the various assemblages in the barrier
reef and lagoon were photographed (Pls. I-III).
The photomicrographic unit employed consisted
of a Zeiss GFL Pol microscope and universal
camera attachment. The film used was Polaroid
Pola Pan, Type 62; the sources of illumination
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were microscope lamps. The procedure suggested
by Fournier (1956) was used to clean and stain
the specimens.

Sediment analyses were limited to determining
the relative percentages of sand-, silt-, and clay-
size constituents in each barrier-reef sample.
Standard methods of sieve and pipette analysis
were used (Krumbein and Pettijohn, 1938). In
addition, Lee M. Hunt, of the National Academy
of Science, Washington, D.C., made available
lithologic descriptions and sediment grain-size
data for samples collected from the lagoon.

TEMPERATURE, SALINITY, AND SEDIMENTS

Temperature.—The range of bottom-water
temperature in the lagoon is about 3°C. The high-
est temperature, 30.8°C, was recorded in Belize
Harbor and the lowest, 27.6°C, in the southern
lagoon (Fig. 4). In general, bottom-water temper-
ature decreases from north to south and from the
mainland toward the barrier reef, corresponding
to increasing water depth.

Salinity.—The range in salinity of bottom
water in the lagoon is about 3 parts per thousand.
The highest and lowest salinity values recorded
were 36.4 parts per thousand near the reef tract
and 33.1 parts per thousand near the mainland
(Fig. 5). There appears to be a definite gradation
o salinity within the lagoon, decreasing from the
barrier reef toward the mainland. The lower sa-
linity near the mainland probably is the result of
dilution by fresh water supplied by the streams
which empty into the lagoon. The bottom-water
samples were collected near the end of the local
rainy season.

Bottom sediments.—The patterns of sediment

e ume of samping. To 1aciltate e counting — distribution—in—the Treef —tract—and—lagoon—are

shown in Figure 6. The reef tract is an area of
biogenic (carbonate) sedimentation, and the main
bottom types are biohermal limestone, skeletal
calcarenite, and calcilutite. The lagoonal sedi-
ments are mainly terrigenous silts and clays that
include varied quantities of skeletal debris de-
rived from autochthonous, shell-secreting commu-
nities. Apparently, little reef-derived material is
being deposited in the lagoon, possibly because
seagrasses in the reef tract stabilize sediment and
prevent dispersal into leeward aress.

Skeletal calcarenites are. the main sediments in
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the northern part of the reef tract; these sands 30 ag°
are also common in the southern part of the reef, : :
near the leeward margin, and on the flanks of the g
coral patch reefs and microatolls. The sediments
within the seagrass meadows of the reef tract are
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population (2,784) was found at station 11A
(Fig. 7).

The smallest living populations were found in
open areas remote from mangrove and coral-sand
cays. The range in these areas is 100-500 speci-
mens per 10 ml of wet sediment. Sediment sam-
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ples collected from the windward side of some
cays had smaller living populations than those
from stations leeward from cays. The living pop-
ulations at these stations range from 500 to
1,000 specimens per 10 ml of wet sediment (Fig.
7).

Lagoon.—The largest living foraminiferal popu-
lations in the lagoon were found near the mouths
of the Belize, Sibun, and Manatee Rivers, and
near the maze of coral banks in the southern la-
goon. The living populations in these areas are
larger than 1,000 specimensper 10 ml of wet sed-
iment. From the mouth of the Belize River to the
mouth o the Manatee River, the coastline is
fringed by mangrove swamp. The Belize, Sibun,
and Manatee Rivers cross this swamp and could
transport an abundance of nutrient materials into
the lagoon, especially during seasons o high rain-
fall. Phleger (1956) and Lankford (1959) found
relatively large living populations in areas of
river discharge. The standing crops recorded by
Phleger near the effluent of the Guadalupe River,
which drains into San Antonio Bay on the Cen-
tral Texas Gulf Coast, were similar in magnitude
to those recorded in this study. The standing
crops in the East Mississippi Delta area, recorded
by Lankford, were larger than those recorded in
this study. 1 n Belize Harbor the living populations
decrease in number from the mainland toward
the barrier reef. Sediment samples collected from
approximately midharbor had living populations
that ranged from 500 to 1,000 specimens per 10
ml of wet sediment; samples collected closer to
the barrier reef had 100-500 specimens per 10 ml
(Fig. 7).

The living populations in the rest of the lagoon

have a distribution pattern similar to that ob-
served in Belize Harbor, decreasing in number
from the mainland toward the barrier reef. The
sediment samples collected adjacent to the barrier
reef, south of the westward projections of the
reef, had living populations of less than 100 spe-
cimens per 10 ml of wet sediment.

ToTAL FORAMINIFERAL POPULATIONS

Barrier-reef tract. —The distribution o total
populations in the barrier-reef tract roughly par-
alels the distribution of living populations in the
same area. The sediment samples collected on the
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leeward side of cays had total populations in ex-
cess of 10,000 specimens per 10 ml of wet sedi-
ment. The largest singletotal population recorded
was 37,966 living and dead specimens leeward
from Southwater Cay; the smallest total popula-
tion, 501 specimens at station 17A, was in an area
remote from mangrove or cora-sand cays (Fig.
8).

Lagoon.—The distribution pattern for total
populations in the lagoon is opposite, in part, to
the distribution of living populations in the same
area. The largest total population, 24,677 speci-
mens at station 9, was found near the mouth of
the Sibun River (Fig. 8). Total populations near
the effluents of the Belize and Sibun Rivers are
higher than total populations elsewherein the la-
goon. The range near the river mouths is
5,000-10,000 specimens per 10 ml of wet sedi-
ment (Fig. 8). The largest living populations in
the lagoon also were found near the mainland, be-
tween the Belize and Manatee Rivers, and in this
respect distributions of the living and total popu-
lations in the lagoon agree.

In Belize Harbor the total population decreases
in number toward the barrier reef, parallel with
the distribution trends of living-population num-
bers in that area. Elsewhere in the lagoon (ex-
cluding the few samples collected near the mouth
o the Manatee River), the total populations in-
crease from the mainland toward the barrier reef
—a trend which is the reverse of the distribution
o living populations in the lagoon. Sediment sam-
ples collected near the reef had total populations
in the range of 2,500-5,000 specimens per 10 ml
o wet sediment. Stations adjacent to the main-

land between Stann Creek and Tonathan Point

had total populations of less than 1,000 specimens
per 10 ml of wet sediment (Fig. 8).

The relatively large total populations in the
near-reef lagoon are probably the result of a
slower rate of sedimentation in that area, which
permitted the accumulation of dead specimens. | t
is not likely that these large total populations
can be attributed to greater foraminiferal produc-
tivity in the near-reef area, because the largest
standing crops d living foraminifers are near the
mainland and the smallest are adjacent to the
reef. Considering the slope d the lagoon floor, it
is possible that dead specimens were transported



318

30| g[so

BRITISH
HONDURAS

SOUTHWATER

% cay

T37966

et

,‘":a’

:" 10000 +

(I B 5000- 10000

f/ B 2500-5000
o 1000-2500

| _‘,.:‘__ — B <1000

o SCALE (NAUTICAL ML)

aila 420 4

oS

G N, N AR L

30 88°

Fic 8—Ared distribution o total 0(Iiving_ and
dead) populations expressed as nunbers d specimens
per 10 ml d wet sediment.

downslope from areas of high productivity near
the mainland to areas of low productivity in the
reef area. Postmortem transportation from the
reef tract to the adjacent parts of the reef lagoon
is possible also, but is unlikely because very few
dead specimens of formsindigenous to the barrier
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reef were found in the lagoon.

R | st i

LiviNG FORAMINIFERAL FAUNAS

The living foraminifers were divided into the
reef-tract and lagoon faunas, reflecting the two
major environments of the area. The reef-tract i
fauna was subdivided into three assemblages on
the basis of the presence or absence of certain
species or the variation in abundance of certain

Species.
REEF-TRACT FAUNA

The reef-tract fauna is characterized by (1)
the presence of species of the families Alveolinel-
lidae, Amphisteginidae, Cymbaloporidae, and Pe-
neroplidae, which were found living only in the §
reef-tract area; (2) the abundance and diversity
of the family Miliolidae; and (3) the overal di-
versity of the fauna in comparison with the la
goon fauna. All o the living foraminiferal species
identified from both the reef-tract and lagoon en-
vironments were present in the barrier-reef
fauna; however, only 22 of the total of 70 species
identified contributed to the lagoon fauna. The
reef-tract fauna was divided into the main-reef,
reef-margin, and reef-channel assemblages.

Main-reef assemblage.—The main-reef assem
blage is characterized by the presence of Articu-
lina mucronata, Archaias angulatus, Asterigerina |
carinata, Borelis  pulchra, Cymbaloporet/.
squammosa, Neoconorbina orbicularis, Quinquelo-
culinag subpolygona, Triloculing carinata, T . lin
nelana and Valvulinag oviedoina.

Living specimens of these species were found |
only in the reef tract; therefore, they are consid

-} ered diagnostic of that environment (Fig. 9). \

few samples from the lagoon contained dead spc
cimens from the main-reef assemblage (Fig. 10"
but no living specimens were found in the lagoo
Figure 12 shows the general distribution of (h
main-reef assemblage, and photomicrographs !
most o the diagnostic main-reef species i
shown in Plate I.

Reef-margin assemblage.— The reef-margin
semblage is characterized by Amphistegina les:
nii, Articulina pacifica, Articulina sagra, Discorb::
candeiana, Neoconorbina floridensis, Peneropli:
carinatus, P. pertusus, P. proteus, Planorbuli:
acervalis, and Sorites marginalis.
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[ Foraminifera

Main Reef

Marginal Reef Reef Channel

Lagoon

Articulina mucronata

:Archaias angulatus

Asterigerina carinata

[ Borelis pulchra

| Cymbaloporetta sguammosa

Neoconorbina terquemi

:Quinqueloculino subpolygona

Triloculina carinata

Triloculina linneiana

Valvulina oviedoina

:Amphistegina lessonii

| Articulina pacifica

Articulina saqgra

Discorbis candeiana

Neoconorbina floridensis

Peneroplis carinatus

Peneroplis pertusus

Peneroplis proteus

Planorbulina acervalis

| Sorites _marginalis

Bigenerina irregularis

Hanzawaia strattoni

Textularia agglutinans

Textularia candeiana

 Elphidium discoidale

:Elphidium poeyanum

Nonion grateloupi

Streblus beccarii vars.

I -10%
11-20%

5
(o)}
o
NS

Fic. 9.—Significant living foramniferal Species expressed as percent of living population in
eech fauna assemblage.

Living specimens of these species are present in
the main-reef assemblage, but, unlike the species
considered diagnostic of that assemblage, the
reef-margin species also inhabit parts of the la-
goon, margina to the reef tract. The species El-
phidium poeyanum, Elphidium discoidale, Nonion
grateloupi, and Streblus beccaris vars., which are
present throughout the barrier reef and lagoon,
are o intermediate abundance in the reef-margin
areas (Fig. 9). The distribution of the family
Miliolidae shows a similar relationship. The mil-
iolids are most common in the barrier-reef tract,

least common in the nearshore lagoon (adjacent
to the mainland of British Honduras), and of in-
termediate abundance in the near-reef parts of
the lagoon (Fig. 11).

The reef-margin facies is a transitional or
"mixed" zone because it contains foraminifers
which are found commonly in the reef tract but
not in the lagoon, foraminifers which are more
abundant in the lagoon than in the reef tract, and
foraminifers which are more abundant in the reef
tract than in the lagoon.

The reef-margin assemblage is present adjacent
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Foraminifera

Main Reef

Marginal Reef Reef Channel

Lagoon

Articulina mucronata ___ _

"Archaias angulatus

Asterigerina carinata

Borelis puichra

’_
Cymbaloporetta squammosa

Neoconorbina terquemi
Quinqueloculina subpolygona

Triloculina carinata

Triloculina linneiana

Valvulina oviedoina

| Amphistegina lessonii

Articulina pacifica

“Articulina sagra

 Discorbis candeiana

Neoconorbina floridensis

_Peneroplis carinatus

Peneroplls pertusus

FPeneroplls proteus
Planorbulina acervalis

Sorites marginalis

| Bigenerina irreqgularis

Hanzawaia strattoni

‘Textutaria agglutinans
Textularia candeiana
‘Elphidium discoidale

'Elphidium poeyanum
‘Nonion grateloupi
‘Streblus beccarii vars.

........ | - 10%
[1-20%

—— 21-30%

=4 -50%

31-40' ===51-60%

Fi6—10~—Significant total (livine and dead) foraminiferal species expressed as percent. of total population in

each taunal assemblage.

to the barrier reef in the Belize Harbor area and
adjacent to part of the reef complex in the south-
ern reaches of the lagoon (Fig. 12). Photomicro-
graphs of the species diagnostic of the assemblage
are shown on Plate I1.

Reef-channel assemblage. — The reef-channel as-
semblage is composed of Bigenerina irregularis,
Hanzawaia strattoni, Textularia agglutinans, and
T. candeiana.

Living specimens of Bigenerina irregularis and
Hanzawaia strattoni are distributed throughout
most of the barrier reef; however, they are much

more common in Eastern Channel than elsewhere.
Bigenerina, irregularis forms 31-40 percent of the
living foraminiferal population in Eastern Channel,
and Hanzawaia strattoni contributes 21-30 per-
cent (Fig. 9). According to Parker et al. (1953)
and Phleger (1955), Bigenerina irregularis and
Hanzawaia strattoni generally inhabit open-ocean,
inner-continental-shelf environments. The depth
of water in Eastern Channel averages about 100
ft.

Textularia agglutinans and Textularia candeiana
were found living throughout the barrier reef and
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MAIN REEF

Prate |. -Main-Reef Assemblage

Lo Articuling mucronata (4'Orbigny), side view, 22X.

2. Borelis pulchra (d'Orbigny), apertural view, 41 .

3. Cymbaloporetia squammosa (d’Orbigny), side view,

44,

I, Neoconorbina  lerquemi  (Rzehak), dorsal view,
37X.

. Quingueloculing subpolygona Parr, side view, 30%.

0. Triloculing carvinata d’'Orbhigny, side view, 22

7. Triloculing linneiana d'Orbigny, side view, 37 .

Valvwling oviedoing d'Orchigny, <ide view, 26 <.

Y

s



sidered (from previous investigations in other
areas) to be open-ocean forms. Photomicrographs
of the diagnostic reef-channel species are shown
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_Fic. 11.—Redive mean abundance of some sig-
nificant I|V|gg Foraminifera from various geographic
areas sampled.

lagoon, but these species are markedly more com-
mon in Eastern Channel (Fig. 9).

Dead specimens of C a d s oblonga and Lagena
perlucida aso were identified in the Eastern
Channel samples. Both of these species are con-
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Amphistegina lessonii 'Orbigny, side viey
Articulina pacifica Cushman, side \1-;\\ 2
Articuling sagra d'Orbigny, side view, 2
Discorbis candeiana (d'Or |1|"il\ ), dorsal view, 42
Neoconorbina floridensis (C ushm: ), dorsal viey

. Peneroplis carinatus d'Orlngny, side view, 22

~ Pencroplis proteus d'Orbigny, side view, 2

. Peneroplis pertusus (Forskal), side view,
Planorbuling acervalis Brady, s'de view, 12
Sorites marginalis (Lamarck), side view,




LAGOON

Prare 11— Reef-Channel Assemblage and Lagoon Fauna
Reef-Channel Assemblage
. Bigenerina irregularis  Phleger and Parker, side
view, 22X.
. Hanzawaia strationi (Applin), dorsal view, 22x.
. Textularia agglutinans d’Orbigny, side view, 37 x.
. Textularia candeiana d'Orbigny, side view, 30X

Lagoon Fauna
. Elphidium discoidule (d’Orbigny), side view, 37 X.
. Elphidium poeyanum (d'Orbigny), side view, 37X,
3. Nonion grateloupi (d'Orbigny), side view, 41X
. Streblus beccarii (Linne), dorsal view, 22%.
Fursenkoina punctata d'Orbigny, side view, 48%.
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LAGOON FAUNA

The lagoon fauna is characterized by (1) the
abundance of species of Elphidium and Nonion,
(2) the relatively common presence of the var-
iants of Streblus beccarii, (3) the relatively rare
presence and lack of diversity in the family Mil-
iolidae in comparison with the reef-tract fauna,
and (4) the scarcity of living species of the fami-
lies Alveolinellidae, Amphisteginidae, Cymbalopo-
ridae, and Peneroplidae, which are common in the
reef tract.

Species considered characteristic of the lagoon
fauna are Elphidium discoidale, Elphidium poeya-
num, Nonion grateloupi, and Streblus beccarii
vars.

Living species of Elphidium discoidale and Ei-
phidium poeyanum were found in most parts of
the reef as wel as in the lagoon, but they are
much more common in the lagoon (Fig. 9). Liv-
ing specimens of Elphidium discoidale were not
found in the deeper waters of Eastern Channel.
Figure 11 shows that Elphidium poeyanumin the
lagoon decreases in abundance from the mainland
toward the barrier reef. Dead specimens of Elph:-
dium gunteri, E. matagordanum, and E. sagrum
also were found in the lagoon. Phleger (1960) re-
ported that species of Elphidium were predomi-
nant in Laguna Madre, Texas, where the bottom
sediments were silt or clay. The sediments of the
lagoon are composed mainly of terrigenous silt-
and clay-size particles derived from the mainland,
whereas the sediments of the barrier reef consist
of sand- and silt-size shell fragments. Phleger and
Lankford (1957) and Phleger (1960) contended
that miliolids prefer a sand or shell substrate. It

more abundant and diverse in the reef tract than
in the lagoon, and their abundance in the lagoon
decreases from the reef to the mainland. This dis-
tribution pattern is the reverse of the one shown
by Elphidium poeyanum.

The distribution of living species of Nonion
grateloupi and variants of Sreblus beccarii is
similar to the pattern of Elpkidiune poeyanumin
that these species are present throughout most
parts of the lagoon and reef tract but are more
abundant in the lagoon area (Fig. 9). The data
summarized in Figure 11 aso indicate that Stre-
blus beccarii vars. decrease in abundance from
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the mainland toward the barrier reef. Figure 12
shows the general distribution o the lagoon
fauna, and photomicrographs of the diagnostic
species are shown in Plate III.

Living specimens of Fursenkoina punctata are
increasingly common in the deeper waters of the
lagoon. Figure 11 indicates that the species aver-
ages dlightly more than 9 percent of the living
population in the open lagoon (that part of the
southern lagoon which opens into the Gulf of
Honduras) and 5 percent in the near-reef lagoon,
whereas in other parts of the lagoon the species is
less common. The depth of water at station 150,
in the southern lagoon, was 120 ft, and Fursen-
koina punctata at that station composed 28 per-
cent of theliving population.

CoNCLUSIONS

Comparison of the distribution charts for the
sighificant living and total Foraminifera (Figs. 9,
10) indicates the importance of studying the liv-
ing fauna. If this study had been based entirely
on the total population (living and dead speci-
mens undifferentiated), it would have been very
difficult to separate the various barrier-reef-tract
assemblages, because tests of species restricted in
life to certain parts of the reef were found in the
reef channel and elsewhere in the lagoon. For ex-
ample, dead specimens of Asterigerina carinata, a
species which was found living only in the reef
tract, were found in the reef channel and in the
lagoon adjacent to the reef. In fact, al of the
species diagnostic of the main-reef assemblage,
except Articulina mucronata, Archaias angulatus,
and Borelis pulchra, contribute dead specimens

was observed in-this-study that-the miliolids-are —to other parts of the barrier reef and/or lagoon.

Dead specimens of Neoconorbina floridensis and
several other diagnostic reef-margin species are
present throughout the barrier reef and lagoon,
but living specimens are restricted to the barrier
reef and the part of the lagoon adjacent to the
reef. Dead specimens of typical lagoon forms
such as Elphidium discoidale and variants of
Streblus beccarii also were found in the deeper
waters of Eastern Channel.

Whether the differences between the living and
total foraminiferal distribution patterns are the
result of postmortem transportation of tests from
one site to another or the influence of a previous
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hydrologic cycle cannot be ascertained from the

available data. A study including measurements
of fluctuations in the environment with respect to

seasonal variations throughout a year or several
Years, along with denser sgample coverage and more

exacting measurements of the various ecologic
factors, would be necessary to solve the problem.

FauNAL RErerence List

The following I'st includes the foraminiferal
species identified in the study.

Amphistegina lessonii d'Orbigny: Phleger and Parker,
1951, Geol. Soc. America Mem. 46, pt. 2, pl. 13, figs.
12a, b, 14a, b; pl. 14, figs. la, b.

Archaias angulatus (Fichtel and Moll) : Cushman, 1928,
Cushman Lab. Foram. Research Spec. Pub. 1, p. 218,
pl. 31, fig. 9.

Articuling lineata H. B. Brady: Cushman, 1922, Car-
negie Inst. Washington Pub. 311, p. 70, pi. 12, fig. 4.

Articulina mucronata (d'Orbigny) : Cushman, 1944,
Cushman Lab. Foram. Research Spec. Pub. 10, p. 12,
pl. 2, figs. 11-18.

Articulina pacifica Cushman: Cushman, 1944, Cush-
man Lab. Foram. Research Spec. Pub. 10, p. 17, pl.
4, figs. 14-18.

Articuling sagra d’Orbigny : Cushman, 1944, Cushman
Lab. Foram. Research Spec. Pub. 10, p. 11, pl. 2
figs. 6-10.

Asterigering carinata d’Orbigny: Phleger and Parker,
1951, Geol. Sec. America Mem. 46, pt. 2, p. 26, pl.
14, fig. 2a, b.

Bigenerina irregularis Phleger and Parker: Phleger
and Parker, 1951, Geol. Soc. America Mem. 46, pt. 2,
p. 4, pi. 1, figs. 16-21.

Bolivina pulchella (d’'Orbigny) : Cushman, 1922. Car-
negie Inst. Washington Pub. 311, p. 25, pi. I, figs. 8,

9.

Bolivina striatula Cushman: Cushman, 1922, Carnegie
Inst. Washington Pub. 311, p. 27, pi. 3, fig. 10.

Borelis pulchra (d’Orbigny): Cushman, 1930, U.S.
Natl. Mus. Bull. 104, pt. 7, p. 55, pl. 15, figs. 9, 10.

Cancris oblonga (Williamson): Phleger and Parker,

1951, Geol: Soc. America Men. #6; pti2, pi 20y pk-9;—

figs. 17a, b, 18, 19,

Clavulina tricarinata d’Orbigny: Cushman, 1922, Car-
negie Inst. Washington Pub. 311, p. 29, pi. 3, fig. 3.

Cornuspira planorbis Schultze: Phleger and Parker,
1951, Geol. Soc. America. Mem. 46, pt. 2, p. 8, pl. 4,
figs. 8, 9.

Cymbaloporetta Sqguammosa (d’Orbigny) : Cushman,
1931, U.S. Natl. Mus. Bull. 104, pt. 8, p. 83, pl. 16,
figs. 4 a-c.

Discorbis candeiana (d'Orbigny): Cushman, 1922,
Carnegie Inst. Washington Pub. 311, p. 47, pl. 6,
figs. 7, 9.

Discorbis subaraucana Cushman: Cushman, 1931, U.S.
Natl. Mus. Bull. 104, pt. 8, p. 32, pl. 7, figs. 2a-c.
Elphidium edvenum (Cushman): Cushman, 1930,

U.S. Natl. Mus. Bull. 104, pt. 7, p. 25, pl. 10, figs.

1,2 L
Elphidium discoidale (d’Orbigny): Cushman. 1030,
U.S. Natl. Mus. Bull. 104, pt. 7, p. 22, pl. 8, figs. 8, 9.
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Elphidium matagordanum (Kornfeld): Parker, Phle-
ger, and Peirson, 1953, Cushman Found. Foram.
Research Spec. Pub. 2, p. 8, pl. 3, figs. 24, 25.

ElEhidjum poeyanum (d’Orbigny) : Cushman, 1930,
lorida Geol.” Survey Bull. 4, p-' 33, pl. 7, figs. 3, 4-

Elphidium sagrum (d’Orbigny) Cushman: CusBman
and Cahill, 1933, U.S. Geol. Survey Prof. Faper
175-A, p. 22, pl. 7, figs. 9a, b.

Eponides antillarum _(d'Orbigny) -  Phleger
Parker, 1951. Geol. Soc. América'Mem. 46, pt. Z
p. 20, pl. 10, figs 9a, b, 10a, b.

Fursenkoina  punctate d'Orbigny: Cushman, 1922,
fCarnegie Inst. Washington Pub. 311, p. 31, pl. 3,
ig. 9

Haf?zawaia strattoni (Applin) : Bandy, 1954, U.S. Geoal.
Survey Prof. Paper 254-F, pl. 31, fig. 4.

Hauerina bradyi Cushman: Cushman, 1926, Carnegie
Inst. Washington Pub. 344, p. 82.

Hauerina ornatissima (Karrer) : Cushman, 1929, U.S.
Natl. Mus. Bull., 104, pt. 6, p. 47, pi. 10, figs. 10, 12.

Lagena perlucida (Montagu): Cushman, 1923. U.S
Natl. Mus. Bull. 104, pt. 4, p. 26, pl. 8, fi?s 12, 13.

Massilina peruviana (d’Orbigny) : Parker, Phleger, and
Peirson, 1953, Cushman Found. Foram. Research
Spec. Pub. 2, pl. 1, figs. 44, 45.

Neaconorbina floridensis (Cushman) : Anderson, 1961,
Louisiana Geol. Survey Bull. 35, pt. 2, p. 101, pl.
21, figs. 6 a-c.

Neoconorbina terquemi (Rzehak) : Rarke-, 1960, Soc.
Econ. Paleontologists and Mineralogists Spec. Pub.
9, p. 182, pl. 88, figs. 4-8.

Nonion grateloupi (d’Orbigny) : Cushman, 1930, U.S.
Natl. Mus. Bull. 104, pt. 7, p. 10, pl. 3, figs. 9, 11;
pl. 4, figs. 1-4.

Peneroplis carinatus d’Orbigny: Cushman, 1922, Car-
negie Inst. Washington Pub. 311, p. 79.

Peneroplis pertusus (Forskal) : Cushman, 1926, Car-
neg'e Inst. Washington Pub. 344, p. 83.

Peneroplis proteuws d’Orbieny : Cushman, 1922, Carne-
gie Inst. Washington Pub. 311, p. 79.

Planorbulina ccervalis Brady : Cushman, 1922, Carne-
gie Inst. Washington Pub. 311, p. 45, pl. 6.

Proteonina difflugiformis (H. B. Brady) : Phleger and
Parker, 1951, Geol. Soc. America Mem. 46, pt. 2, p.
2,pl. 1,figs. 4, 5.

Pyrgo denticulata (H. B. Brady): Cushman, 1929,
US. Natl. Mus. Bull. 104, pt. 6, p. 69, pl. 18, figs. 3,
4.

Pyrgo—denticulata (H.-B. Brady) var. striolata (H.
B. Brady): Cushman, 1929, U.S. Natl. Mus. Bull.
104, pt. 6, p. 69, figs. 5 a-c.

Pyrgo subsphaerica (d’Orbigny): Cushman, 1929,
U.S. Natl. Mus. Bull. 104, pt. 6, p. 68, pl. 18, figs. 1,
2.

Quingueloculing  agglutinans d’Orbigny: Cushman,
1921, U.S. Natl. Mus. Proc., v. 59, p. 65, pl. IS,
figs. 9, 10.

Quinqueloculina bicostata d’Orbigny: Phleger and
Packer, 1951, Geol. Soc. America Mem. 46, p. 7, pl.
3, figs. 15a, b.

Quinqueloculina bidentata d'Orbigny: Cushman, 1922,
Carnegie Inst. Washington Pub. 311, p. 64.

Quinqueloculina bradyana Cushman: Cushman, 1917,
U.S. Natl. Mus. Bull. 71, pt. 6, p. 52, pl. 18, fig. 2.

Quinqueloculina candeiana  d'Orbigny: Cushman,
1922, Carnegie Inst. Washington Pub. 311, p. 65, pl.
13, fig. 1.

Quinqueloéulina lamarckiana d’Orbigny: Cushman,
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1921, U.S. Natl. Mus. Proc., v. 59, p. 65, pl. 15, figs.
13, 14.
Quingueloculina poeyana d'Orbigny: Cushman, 1924,
U.S. Natl. Mus. Bull. 104, pt. 5, p. 31, pl. 5, figs. 2a, c.
Quinqueloculina polygona d’'Orbigny : Cushman, 1924,
US Natl. Mus. Bull. 104, pt. 5, p. 28, pl. 3, figs. 5

ac.

Quinqueloculina subpolygona Parr: Parr, 1945, Royal
Soc. Victoria Proc., v. 56, pt. 2, p. 196, pl. 12, figs.
2a, ¢,

Quinqueloculina vulgaris d’Orbigny: Cushman, 1929,
g.S. Natl. Mus. Bull. 111, pt. 6, p. 25, pl. 2, figs.

acC.

Sorites marginalis (Lamarck) : Cushman, 1930, U.S
Natl. Mus. Bull. 104, pt. 7, p. 49, pl. 18, figs. 1-4.
Streblus beccarii vars. (Linne): Linne, 1758, Systema

Naturae, ed. 10, p. 710.

Textularia agglutinans d Orbigny : Cushman, 1921, U.S,
Natl. Mus. Proc., v. 4, IE 106, pi. 20, fig. 8; Car-
negie Inst. Washington Pub. 311, 1922, pi. I, fig. 6.

Textularia candeiana dOrbigny: De la ra, 1839,
Histoire Physique et Naturelle de I'Tle de Cuba,
“Foraminiferes,” p. 143, pl. 1, figs. 25-27.

Textularia conica d-Orbigny: Cushman, 1922, Carne-
gie Inst. Washington Pub. 311, p. 24, pl. 2, fig. 4.

Textulariu mayori Cushman: Cushman, 1922, Carne-
gie Inst. Washington Pub. 311, v. 17, p. 23, pl. 2,
fig. 3

Trilgculina carinata dOrbigny : Cushman, 1922, Car-
negie Inst. Washington Pub. 311, p. 75, pi. 12, fig. 6.

Triloculina circularis Bornemann: Cushman, 1929,
U.S. Natl. Mus, Bull. 104, pt. 6, p. 58, pl. 13, figs.
6, 7; pl. 14, figs. 1, 2.

Triloculina linneiana d’Orbigny : Cushman, 1929, U.S.
Natl. Mus. Bull. 104, pt. 6, p. 61, pl. 16, figs 1, 2

Triloculina rotunda d-Orbigny: Cushman, 1929, U.S.
Natl. Mus. Bull. 104, pt. 6, p. 59, pi. 14, figs. 3 a-cC.

Triloculina suborbicularis d’Orbigny : Cushman, 1921,
U.S. Natl. Mus. Bull. 100, v. 4, p. 461.

Triloculina trigonula d’Orbigny = Cushman, 1929, U.S.
Natl. Mus. Bull. 104, pt. 6, p. 56, pl. 12, figs. 10,
11; pl. 13, figs. 1, 2.

Valvulina oviedoina d’Orbigny: Cushman, 1922, Car-
gegie Inst. Washington Pub. 311, p. 297, pi. 2, figs.
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