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STUDIES ON THE TETRACLITIDAE

(CIRR IPED IA : THORACICA) : A PROPO SED
NEW GENUS FOR THE AUSTRAL SPECIES
TETRACLI TA P URP URAS CENS BREVIS CUTUM

ARNOLD ROSS

ABSTRACT .

— Epopel la gen . nov . i s proposed for the Auck land I sland s spec ies Te tracl i ta purpurascensforma breviscu tum Broch , 1922, a sol id-walled tesseroporan . Elm in ius p l ica tus Gray and E. s imp lex Darwin
are a ss igned prov i s ionally to th i s new genus on the ba s i s of morpholog ical s im i lar i t ies . Epop ella , conta ining
the mos t pr im i t i ve tetracl i t id s, i s inferred to have evolved dur ing the early Paleogene , and i t i s from th i s
group that Tesseropora and later tesseroporans are derived .

RESUMEN . Epope lla gen . nov . es ta propues to para e l espec ies de las I sla s Auck land Tetracl i ta
purpurascens forma brevr’scu lum Broch , 1922, umtesseroporan que t iene una pared sbl ida .E/m in ius p l ica tusGray y E. s imp lex Darwin son a s ignados prov i sionalmente a e ste género nuevo en c l base de semejanzas
morfolog icas. EpOp eIIa , conteniendo las tetracli t ids mas pr im i t i vas se infiera que ha evoluc ionada durante
de1Pa1e6gena , y es de este groupo que Tesserop ora y tesseroporansmas tarde es tén der i vado .

Knowledge of the tetracl i t id fauna of Austra l ia , Tasman ia ,
New Zea land , and the

i s land s compri s i ng the An tipodean Province i s l im i ted . A side from the taxon Broch ( 1922:
337) descr i bed as Tetracl i ta p urpurascens forma breviscu tum , the fo l lowing species are
known from th i s reg ion : Tesserop ora rosea (Darwin , 1854 : 335 ; Linzey , 1942: 280 ; Pope ,

1945 : 366 ; Wise ly and B l ick , 1964 : Te tracl i ta vi z ia ta (S tephen son , 1968 : and

Te tracl z
’

tella p urpurascens (Darwin , 1854 : 337 ; Li nzey , 1942: 279 ; Foster, 1967a : 83 ;
1967b :

Tetracl i ta p urp urascens forma breviscutum was co l lected by the Th . Morten sen
Pacific Expedi tion ( 19 14- 19 16) on Auck land I sland , the largest of severa l i s lands in the
Auck land I sland s Group (Fig . and more recen t ly i t has been found on Rose I s land . Th i s
spec ies has ne i ther been reported nor found in co l lect ion s from any other loca l i ty and

appears to be endemic to the Auck land I s land s . Un fortuna te ly , there i s l i t t le known about
the eco logy of th i s tetracli t id .

H iro ( 1939 : 275) noted differences in the opercu lar plates of T. p urpurascens forma
breviscutum that i nd ica ted i t was not c lo se ly re lated to the nomina te subspecie s . However,
he fa i led to i nd ica te the affi ni t ies of th i s form to other tetracli t id groups . I n re-examin ing
the type specimen s I noted severa l sa l ien t wa l l structures that readi ly characterize th i s
taxon at the gener ic and specific leve l and suggest tha t i t s affi ni t ies are to the tesseroporan
rather than to the tetracli tel lan l i neage (Ross , 1969 : Con sequen tly , the “forma
breviscutum i s e levated to specific rank and the genus Epop ella proposed for i t and two
other re lated species .

FAM ILY TETRACLITIDAE Gruvel
Remarks .

— The fami l ia l d iagnos i s presen ted ear l ier (Ross , 1969 : 238) i s emended to
i nc lude those spec ies tha t lack an i n ner lamina and have an outer lamina permea ted by
cut icu lar ch i ti n .

SAN DIEGO SOC . NAT . HIST . , TRANS . 1- 12, 24 FEBRUARY 1970





STUD IES ON THE TETRACLITIDAE

(CIRR IPED IA : THORACICA): A PROPO SED
NEW GENUS FOR THE AUSTRAL SPECIES
TETRACLITA P URP URAS CENS BREVIS CUTUM

ARNOLD ROSS

ABSTRACT . Epope l la gen . nov . i s proposed for the Auck land I slands spec ies Te tracl i ta purpurascensforma breviscutum Broch , 1922, a sol id-walled tesseroporan . Elm im
’

us p l i ca tus Gray and E. s imp lex Darwin
are as s igned prov i s iona lly to th i s new genus on the bas i s of morpholog ical s im i lar i t ie s . Ep op el la ,

conta in ing
the most pr im i t i ve tetrac l i t ids, i s inferred to have evolved dur ing the ear ly Paleogene, and i t i s from th i s
group that TesserOpora and la ter tesseroporans are der i ved .

RESUMEN . Epope l la gen . nov . es ta propuesto para el espec ies de las I slas Auck land Tetracl i ta
purpurascens forma breviscutum Broch , 1922, umtesseroporan que t iene una pared s61ida . Elm in ius p l ica tusGray y E . s imp lex Darwin son asignados prov i sionalmente a este género nuevo en e l base de semejanza s
morfolég icas. EpOp el la , conteniendo las tetracl i t ids mas pr im i t i vas se infiera que ha evoluc ionada durante
del Pa le6gena , y es de este groupo que Tesseropora y tesseroporansmas tarde estan der i vado .

Knowledge of the tetracl i t id fauna of Austra l ia ,
Ta sman ia ,

New Zea land , and the

i s land s compr i s ing the An tipodean Prov i nce i s l im i ted . A side from the taxon Broch ( 1922:
337) descr i bed as Te tracl i ta p urp urascens forma breviscu tum ,

the fo l lowing species are
k nown from th i s reg ion : Tesserop ora rosea (Darwin , 1854 : 335 ; Li nzey , 1942: 280 ; Pope ,

1945 : 366 ; Wise ly and B l ick , 1964 : Te tracl i ta vi z ia ta (S tephen son , 1968 : and

Te tracl i tel la p urpurascens (Darwin , 1854 : 337 ; Li nzey , 1942: 279; Fo ster , l 967az 83 ;
1967b :

Te tracl i ta purpurascens forma breviscu tum was co l lected by the Th . Morten-sen
Pacific Exped i tion ( 19 14—19 16) on Auck land I sland , the largest of severa l i s lands in the
Auck land I s lands Group (Fig . and more recen t ly i t has been found on Rose I s land . Th i s
species has ne i ther been reported nor found in co l lect ion s from any other loca l i ty and

appears to be endemic to the Auck land I s land s . Un fortuna te ly , there i s l i tt le k nown abou t
the ecology of th i s tetracli t i d .

H iro (1939 : 275) noted differences in the opercu lar p lates of T. p urp urascens forma
breviscu tum tha t i nd icated i t was not c lo se ly re la ted to the nomina te subspecies . However ,
he fa i led to i nd ica te the affini t ies of th i s form to other tetracl i t id groups . I n re-examin ing
the type specimen s I no ted severa l sa l ien t wa l l structures that read i ly character ize th i s
taxon at the generic and specific leve l and suggest tha t i t s affi ni t ies are to the tesseroporan
ra ther than to the tetracli te l lan l i neage (Ro ss, 1969 : Con sequen tly , the “ forma
breviscutum i s e levated to specific rank and the genus Ep op ella proposed for i t and two
other re la ted species .

FAM I LY TETRACLITIDAE Gruvel
Remarks .

—The fami l ia l d iagnosi s presen ted ear l ier (Ro ss , 1969 : 238) i s emended to
i nc lude those spec ies tha t lack an i n ner lamina and have an outer lamina permea ted by
cut icu lar ch i t in .

SAN DIEGO SOC . NAT . H IST . , TRANS . 1-12, 24 FEBRUARY 1970



DA N U l b U U S U b l b l Y U l
" N A I U KA L H l b l U K Y

Figure 1 . Map of Auck land I sland s Group, and i t s pos i t ion rela t i ve to New Zealand (inset ). The known
occurrences op ope/Ia breviscutum are Sa rah ’s Bo som Harbor and Rose I sland .
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KEY TO GENERA OF THE TESSEROPORAN GROUP

Par ie ta l tube s un i form ly di str i bu ted i n one row
Par ieta l tubes un i formly di str i buted in more than two rows , or lack ing
Parie ta l tube s bear i ng tran sverse septa ; scu tum lack ing depres sor
musc le cre st s ( 1 sp . ,

eastern Pacific, P l iocene) Tesserop lax

2. Par ieta l tubes lack ing tran sverse septa ; scutum bear i ng depre s sor musc le
crests (5 spp . ,

I ndo-West Pacific ,
Recen t ; I ta ly , O l igocene) Tesseropora

3 . I nner lamina presen t ; long i tudina l septa con ti nuous ; shea th adpres sed ,
ba sa l marg i n not depend ing ( 19 spp . , trop ica l , warm temperate ,

cosmopo l i tan , P l iocene to Recen t) Tetracl i ta

3 . I nner lamina absen t ; long i tud i na l septa d i scon ti nuous ; shea th free
wi th ba sa l marg i n depend ing (3 spp . , southea st Austra l ia , New Zea land ,
Recen t) Ep op ella

Epopel la gen . nov .

Defin i t ion . She l l large , con ic; compartmen ts may or may not be d i scre te ; parietes
efi

‘

ect ively so l i d , permeated wi th cu ticu lar ch i t in , and common ly d i scon tinuous p la te s or
long i tudina l lam ina depend from inner surface ; rad i i non-tubi ferous , narrow or obso lete ;
ba si s membranous ; scutum triangu lar, h igher than wide , bear i ng crest s for depres sor
musc les ; tergum narrow , spur not we l l separa ted from ba si-scuta l ang le , trunca te ba sa l ly ;
mand ib le wi th 4 tee th , basa l comb , and spi ne-l i ke i n fer ior ang le ; m ax i l la I wi th 10- 16 spi nes
compri s i ng media l c luster of cutt i ng edge .

Typ e sp ecies . Tetracl i ta Te tracl i ta )purpurascens forma breviscu tum Broch , 1922,

Recen t , Auck land I s land .

Etymo logy .

— Named in honor of E l izabe th C . Pope , the Austra l ian Museum , i n
recogn i t ion of her many con tri but ion s to the C irriped ia of the Austra l ian reg ion .

Epop el la breviscu tum (Broch )
Tetracl i ta (Te tracl i ta )purpurascens forma breviscu tum Broch , 1922: 337, figs. 7 1 , 72.

Tetracl i ta Tetracl i tel la )purpurascens forma breviscu tum : H i ro, 1939 : 275 .

Ma ter ia l . Rose I s land , Auck land I s land s ; in tertida l ; J . C . Y a ldwyn, co l l . , January ,
1963 ; 2 d r ied spec imen s lack i ng appendage s and body ; i n co l lec t ion s o f Dom i n ion
Museum , We l l i ng ton , New Zea land .

Sarah ’s Bo som Harbor (Port Ro ss), Auck land I s land , Auck land I s land s ; under stones
at low tide ; Th . Morten sen Pacific Exped i t ion , November 26 , 19 14 ; 5 comp lete spec imen s ;
i n co l lection s of Universi tetets Zoo log i ske Museum , Copenhagen , Denmark .

S upp lemen tary Descr ip t ion . S he l l low , con ic ; g ray i sh -wh i te ; par ie te s deep l y
eroded ; growth r i dge s d i scern i b le a long ba sa l m arg i n on ly ; or ifice pen tagon a l w i th
peri treme eroded ; rad i i ex treme ly narrow or ob so lete ,

with articu lar surfaces weak ly
crena te ; compartmen ts weak ly art icu la ted when not secondari ly fused ; no i n ner lamina ;
long i tudina l septa d i scon ti nuous ba sa l ly , not fused , forming separate ,

smooth , depending
p lates (Fig . 2d ), i n genera l appearance not much un l ike that of Chelonob ia tes tud inar ia ;

ba sa l marg i n o f sheath free , depending (Fig . 2d) . Ba si s membranous . Mea suremen ts (in
mm . ) of the lectotype (26-X I - 14D), para lectotypes (26-X I -A and specimen s from
Ro se I s land (spec . F, G) are pre sen ted in Tab le 1 .

Ex terna l surface of opercu lar p la tes deep ly eroded (Fig . 2a , b). Scu tum triangu lar,
common ly sl igh t ly h igher than wide ,

articu lar ridge s i nuous , about leng th of terga l
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Figure 2 . Shell and opercular pla te s of Epop el la breviscu tum. a , ex ternal v iew of scutum ; b , external v iew of

tergum ; c , interna l v iew of tergum ; d , basal v iew of she ll ; e , internal v iew of scutum . Lectotype (26-X I-14D), a-c,
e ; para lectotype (26-X l - 14A), (1.

marg in ; adductor ridge erect , undercut , fused apica l ly wi th articu lar ridge and extending
near ly to ba sa l marg i n ; adductor musc le depression ovate , deep ; 3-4 crest s for rostra l
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depres sor muscle, low , th i n , partia l ly h idden by in fo ld ing of occ luden t marg i n ; 4-5 crests
for latera l depressor muscle , h igh , broad , c lear ly exposed ; overa l l surface of p late p i tted
(Fig . 2e).

Tergum higher than wide , ap ica l ly eroded ; externa l long i tud in a l furrow open , sha l low ,

ex tend ing to ba se of spur ; spur trunca te basa l ly , width more than that of ba sa l marg in ;
art icu lar ridge erect or i nc l i ned , undercut a long ba sa l port ion ; art icu lar furrow broad and
deep ; 5-7 crest s for depres sor musc les, short, broad , erect

,
bear i ng c lose—spaced , th in ,latera l exten s ion s (Fig .

Table 1 . Measuremen ts of l nd i vidua l Sp ecimens

Opercular Plates
C-R Dia . Wid th He igh t S . W . T . H . T . W

Cre s t of labrum th ick ,
heav i l y ch i t i n ized , wi th sh a l low med i a l no tch (Fig . 3 f);

mu l tiden ticu la te ,
22-39 s imp le tee th a long crest and i n notch (Fig . 3g); shor t soft setae

a long cre st and common ly between the teeth .

Pa lps b lun t ly rounded di sta l ly ; superior marg i n concave , ba sa l convex ; di sta l setae
longer than super ior ; both bipi nnate .

Mandib le with 5 teeth i nc luding i n fer ior ang le (Fig . 3a); teeth 2-4 wi th subsidiary
cusps ; super ior s lope of tooth 4 smooth ; i n fer ior ang le coarse ly serra te ,

28-42 over lappi ng ,

narrowly triangu lar tee th .

Max i l la I deep ly notched subap ica l ly (Fig . 3c); spi nes a long cut ti ng edge i n 3 c lusters ;
2 long , stout and 4-6 short , s lender sp i nes above notch ; 10- 16 long or short s lender spi ne s
media l ly ; 7- 15 very short and s lender spi nes ba sa l l y .

Maxi l la I I ta l ler than broad (Fig . 3e); an ter ior marg i n bi lobate ; ba sa l lobe covered
wi th cluster of pu stu les a long an ter ior border .

Rami of cirrus I gro s s ly unequa l i n leng th (Fig . 4a); posterior ramus abou t length
of an ter ior ramu s . Ram i of cirrus I I e i ther es sen tia l ly equa l i n leng th or i n ner ramus
sl igh tly shorter ; i n termedia te artic les of both rami squa t , s l igh t ly protuberan t ; se tae on

both rami coarse ly b ip i n na te ,
not comb- l i ke . Rami of c irru s I I I an tenn i form (Fig . 4d);

outer ramus approx ima te ly leng th of inner ramus ; ba sa l segmen ts of both rami armed
wi th comb-se tae lack ing ba sa l guards (Fig . 4e) . C irr i IV-VI es sen tia l ly equa l i n leng th wi th
equa l rami ; 3-5 short , s lender setae at each articu la tion a long grea ter curvature of

i n termed ia te ar tic le s ; a s ing le row of ctenae occurs a long la tera l face immed ia te ly be low
art icu la tion ; common ly 4 pa irs of se tae on cirri IV-V

,
and 3 on cirrus V I (Fig . a t ba se

of and between each major pa ir of se tae i s a c luster of 4-9 long bri st les . G irra l coun ts for
the specimen s i n the type lot are summarized in Figure 5 .

I n tromitten t organ annu la ted throughou t i ts leng th , and sparse ly covered wi th short
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0 05mm

Figure 3 . Troph i of Epopel la breviscu tum . a ,
mand ible; b , enlarged v iew of infer ior angle ofmandib le in fig . a ; c,max 111a I; d , palp ; e , max i lla 1 1 ; f, labrum and palp; g , enlarged v iew of labral crest . Lectotype (26-X I- 14D), a-e,

g ; paralectotype (26-X I- 14B), f.
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Figure 4 . Thorac ic appendage s of Epopel la breviscutum . a ,
left c i r rus I; b ,

r igh t c irrus I I ; 0 , r igh t c i rrus I I I ; d ,

left cirrus I I I ; e , comb se ta from segment 5 of outer ramus of left c i rrus I I I ; f, intermed iate segment of r igh t outerramus of cirrus V I ; g ,h . d i sta l ex tremity of intromi t tant organ . Lectotype (26-X I - 14D), b , c . f; para lectotypes, a ,

d, e, g
-h (e ,g,d 26-X I-14C ; a = 26-X I-14A ; h 2X-X I - 14B).
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ANTER IOR RAMUS POS TER IOR RAMU S

(7 ) (8 )

C IRRU S

Figure 5 . Graph of range (ver t ical l ine) and mean value s (dot ted l ine) for Cirral counts of anter ior ramus (left)
and pos ter ior ramus (r igh t) of Ep 0p el la breviscu tum.

bri st les ; di sta l ex tremity bears ’

two large separate clusters of long se tu les (Fig . 4g) .
Embryo s i n man t le cavi ty average x mm . S tage I naup l i i i n man t le cavi ty

average x mm .

Remarks .

— Broch i l lustra ted the opercu lar p la te s and troph i of breviscu tum ,
but

fa i led to se lect a holotype . Because the spec imen or spec imens he figured are no longer
ava i lable , the specimen s here figured (opercu lar p late s , hgs . 2a-c , 3 ; troph i , figs. 3a-e, g

'

c irri , hgs. 4b , 0 , f) are designated the lecto type (26-X I - 14D), and the rema i n ing specimen s,
of which I have seen 4, are designated para lectotypes (26-XI - 14A-C , E).

D ISCUSS ION
Monome tric she l l growth , non- tubi ferous and narrow or obso lete radi i , and the orifice

en larged by attr i t ion ra ther than diametric growth c lear ly e stabl i sh E . breviscu tum as a

member of the tesseroporan group (Ros s , 1969 :
The space between the in ner and outer lamina i n Tetra cl i ta i s fi l led with a network of

con ti nuous long i tud ina l septa ,
which in effect crea te long i tud ina l tubes . These are more or

les s un i form in section , and occur i n rows wi th the sma l lest and shortest tubes para l le l to
the outer lamina . I n Tesserop ora and Tesserop lax there i s ba sica l ly but one row of these
tubes . Epop el la breviscu tum lack s an i n ner lamina , and thus i s effect ive ly so l id wa l led . A
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tesseroporans i s probably an adapta t ion for the rigors of the i n tert ida l zone (cf. Pa i ne ,

There i s a con siderable i n terva l be tween the ear l iest known occurrence (Recen t) of the
evo lutionary more prim i ti ve Epop el la and of the more comp lex Tesseropora (O l igocene) .

Thus the Ep op ella l i neage must be significant ly o lder than the fos si l ev idence i nd ica tes , a
conc lusion tha t i s a l so suggested by the morpho log ica l ly complex she l l of E . breviscu tum .

Therefore , i t seems probab le tha t the orig i n of the tetracli t i ds shou ld be sough t i n rock sda ti ng from the Eocene i f not the Pa leocene or Cre taceous .
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THE SHALLOW WATER ANOMURAN CRAB FAUNA
OF SOUTHWESTERN BAJA CALIFORN IA

,
MEX ICO

JANET HA IG , THOMAS S . HOPKINS
AND THOMAS B . SCANLAND

ABSTRACT . Th i r ty-five spec ies of anomuran crabs are reported from the 1964 Mag Bay Exped i t ion,

19 ofwhich are new records for the oute r coas t of southern Baja Cal i fornia Mex ico . A check l i s t and keys are
appended for the 52 spec ies of Anomura now known to inhabi t th i s a rea .

RESUMEN . Durante 1a Exped ic ién Mag Bay en 1964 , se observaron t re inta y c inco e spec ies de
cangrejos anomuros, d iez y nueve de ellas encontradas por pr imera vez , en las costas occ identa les de la zona
me r id ional de Baja Ca l i fornia , Me’ x ico . Se incluye una l i s ta y las claves cor respond ientes pa ra las 52 espec ies
de Anomuros obse rvados has ta la fecha en aquellas reg iones .
The purpose of the Mag Bay Expedi t ion of 1964 was to study the mari t ime biota

a long the coast of Baja Ca l i forn ia ,
Mexico , from Pun ta San Eugen io (Pun ta Eugen ia) to

the lower en trance o f Bah ia M agada lena (Fig s . 1 , Dr . Car l L . Hubb s , Scr ipp s
In st i tut ion of Oceanography , was the orig i na tor and leader of the expedi tion , which was
supported by the Ofii ce of Nava l Research . The scient ific party was d ivided i n to th ree
teams : Team 1 , aboard the R/V HOR IZON ,

was respons ible for samp l i ng i n deep wa ter;
Team 2, i n sma l l cra ft , worked i n the mangrove-estuari ne environmen t ; Team 3 , aboard
the Scripps ves se l T-44 1 , was respon si ble for on s i te”

fish po i son ing s , i nvertebrate and

a lga l co l lect i ng , and otter trawl i ng a long the 20 and 40 m depth contours i n the area of

study .

Two of the authors (TSH and TBS ) were members of Team 2, where SCUBA was
used i n depth s of one to 30 meters . A concerted effort was made to co l lect decapod
crustaceans and ech inoderms , as we l l as fish . The spec imen s were re turned to the T-44 1

,

where they were kept a l i ve un ti l co lor notes and tenta t i ve ident ificat ions cou ld be recorded .

At the conc lus ion of the crui se , the anomuran crabs were forwarded to the A l lan Hancock
Founda tion for study by the sen ior author (JI—I).

Th i rty-five species of Anomura were co l lected , o f which 19 con sti tute new records for
the outer coast of southern Baja Ca l i forn ia (Punta San Eugen io and southward) wi th i n the
40 m contour . A check l i st and keys to a ll species k nown to fa l l w i th i n these geograph ica l
and ba thymetrica l l imi t s are appended .

Th i s report i s a Con tr i bu t ion from the A l la n H ancock Founda t ion , no . 339 ,

supported by NSF Gran t GB-2039 , and a Contri but ion from the Scripps I n sti tut ion of
Oceanography , supported by NSF Gran t GB 23 12 (to D. L . Fox) .

H ISTOR ICAL RESUME

The fo l lowing anomuran crabs are present ly k nown from the reg ion under consid

erat ion: Mam
’

da mex icana (Benedict , Da rdanus s in is tr ip es (Ra thbun , P leu

roncodes p lam
’

p es ,
and Emer i ta ana loga (Schmi t t , I n add i t ion , Glasse l l ( 1936)

reported on severa l porce llanids which he co l lected a t Bah ia Magda lena . These i nc luded
Pe tro l is thes hi r t ip es (Lock ing ton), and the new species Or thochela pum i la , P isosoma erosa

Mega lobrachium erosum), and Porcellana magda lenens is P is id ia magda lenens is) .
He a l so treated the porce l lan id and hermit crabs from the Templeton Crocker Expedi tion of
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Figure 1 . Map of Baja Cal i fornia , Mexico . Area del im i ted by the box on the western s ide of the peninsula i ss hown enlarged in figure 2.

1936 (G lasse ll , l 937a , 1937b). However , on ly one spec ies come s wi th in the scope of the

presen t work , Pagur is tes baker i Ho lmes , which was col lected off I s la Cedros (Glassel l,
1937b . ) Schmi tt ( 1939) l i sted Pagur is tes specie s ” from Bah ia Magda lena , a form sti l l
awa i ti ng description . To the known fauna Ha ig ( 1960) added 16 species of Porce l lan idae .
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On Pun ta Be lcher we observed that these an ima l s are nocturna l . A search for the ir
homesi tes was frui t less , a l though the crabs “appeared wi th i n 17m of the camp just a fterdark , and cou ld not be found a fter daybreak . Probab ly they had rema i ned inact i ve i n the ir
she l l s a long the upper t ide mark s duri ng the day , and thus wen t unnoticed .

Six to 10 i nd i vidua l s were observed feeding on dead or mol ted P leuroncodes p lam'

p eswhich formed windrows on the beach .

The range of th i s species i s extended to the outer Baja Ca l i forn ia coa st , and 300 km
north a long the outer coa st .

Fami ly DIOGENIDAE
Dardanus s in is tr ip es (S t impson)
Pagurus sinis tr ip es S t impson, 1858 : 223 (nom . nud) ; 1859 : 82 .

Dardanus s in istr ip es : Glasse ll , 1937b : 25 1 .

Recorded Range .

- Bah ia Magda lena (Rathbun , 19 10) and I s la Ti bur6n,
Go l fo de

Ca l i forn ia , to Bah ia de Sechura , Peru.

Materia l . OHBoca de San to Domingo ; ot ter trawl ; 40 m; 27 Jan . 1964 ; 1 9 , Laguna
de San ta Mari a

" m ; 29 Jan . 1964 ; lo
”

.

Co lor . I n a lcoho l , the carapace i s buff wi th red mark ing s . The che l ipeds , purple
and red , wi th the i n terior marg i n s of the meri wh i te ; the teeth of the fingers whi te ,

bordered
wi th ye l low . The ambula tory legs are purp le , the ir dacty l i wi th dark brown setae ,

the ir
meri and carp i b lotched on a l ight ground wi th red

”

(Glasse l l , l 937b) . There are two

narrow , dark bands , one median and the other prox ima l , on the eyesta l k .

Ca lcinus ca l iforn iens is Bouvier
Ca lc inas ca l iform

’

ens is Bouv ier, 1898 : 380 ; Glasse ll, 1937b : 252.

Ca lcinas ca lzfom iens is : Chace , 1962: 627, text-figs . 5-6 .

Recorded Range .

— I sla San Jose’ Go l fo de Ca l i fornia , to Acapulco , Mexico . I s la
C l ipperton .

Materia l . Punta Ca la ; 3 m ; 3 1 Jan . 1 9

Roca de la Ve la ; 6 m ; 1 Feb . 1964 ; 2 9 . 1nside Punta Tosca ,
i n lagoon ; 5 m ; 4 Feb.

1964; So
"
, 2 9 .

Co lor . The co lorat ion of thi s and a l l ied species , i n both l i ve and preserved materia l ,
was d i scussed i n some deta i l by Chace ( 1962: A broad whi te band at the ba se of the
cornea and the sol id dark co lor of the dacty l s of the wa l k i ng legs unmi stakably iden ti fy the
above specimen s as Ca lcinas ca l iforn iens is .

Remark s . —The range of th i s species i s extended to the outer Baja Ca l i forn ia coa st ,
and 300 km north .

An iculus elegans S t impson
Am

’

culus eleg ans S t impson, 1858 : 234 (nom . 1859 : 83 ; Boone , 193 1 : 140, text-fig . 1 .

Recorded Range .

— Gol fo de Ca l i forn ia (exact loca l i ty not stated ) to Cabo de San
Franc i sco , Ecuador .

Ma teria l . — Outside Bahfa Magda lena ; 18 m; 1 Feb . 1964 ; l juv . I n side Punta Tosca ,

i n lagoon ; 5 m; 4 Feb . 1964 ; 1 9 . 0 11
"

Pun ta Redonda ; 15 m ; 5 Feb . 1964 ; 6 d
‘
, 5 9 .

Co lor . Carapace red ,
wi th a pi nk area on the posterior part of the sh ie l d . Eyesta l k s

tan . Che l ipeds pi nk , with red on the fingers and on the d i sta l ha l f o f the che lae . Dacty l s of
wa l k i ng leg s d ark ' red ; o ther segmen t s p i n k . A b road , submed ian red band on the

propodus, a submed ian red blotch on the an terior marg i n of the carpus , and a sma l ler
median blotch on the anterior marg i n of the merus .

Remark s . 0 11 Pun ta Redonda these hermits occurred under rock s i n aggregates of
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five or more . Porcellana p agur iconvi va G lasse l l were found in the she l l s of specimen s
co l lected at the same loca l i ty , an as socia t ion tha t has not been recorded prev ious ly .

The range of th i s species i s extended to the outer Baja Ca l i forn ia coast , and 300 km
north .

Tr i z op agurus magm
'

ficus (Bouvier)
‘Clibanarius magm

’

ficus Bouv ier, 1898 : 378 .

Cl ibanarius chetyrkim
‘ Boone, 1932: 29, text-fig . 8 .

Tri z opagurus magm
’

ficus: Forest , 1952: 4, 12, text-figs. 2, 1 1 , 18 .

Recorded Range . Go l fo de Ca l i forn ia (exact loca l i ty not stated) to I s la de la Plata ,

Ecuador . Archipié lago de Ga lapagos .
Materia l . Roca de la Ve la ; 6 m ; 1 Feb . 1964 ; 1 9 . Off Pun ta Redonda ; 15 m ; 5 Feb .

Co lor . The specie s may be readi ly i dent ified by the large , irregu lar pa le b lotches on
a dark background which cover the carapace sh ie ld , eyesta lks , chel ipeds , and wa l k i ng leg s .

Remark s . —The range of th i s species i s extended to the outer Baja Ca l i forn ia coast ,
and 300 km north .

Cl ibanar ius p anamens is S timpson
Cl ibanarius panamens is S t impson, 1858 z235 (nom 1859 : 84; Holthuis, 1954 : 23 , text-figs . 7-8 .

Recorded Range . Santa Rosa lfa , Go l fo de Ca l i forn ia , to I s la de la Correa , Peru.

Materia1. Laguna de San ta Maria ; i n + 1 m and out of water ; 29 Jan . 1964 ; 1 9 .

Co lor . Hermits of th i s species may be recogn ized immediate ly by the co lor pat tern
of the wa lk i ng leg s , which consi s t s of long i tudi na l dark and l igh t stripes , subequa l i n wid th ,
on each segment .

Remark s . The range of th i s species i s extended to the outer Baja Ca l i forn ia coast ,
and 300 km north .

Isocheles p i losus (Ho lmes)
Holopagurus p i losus Holmes , 1900 : 154; Schm i t t , 192 1 : 127, pl . 17 fig . 2; Ricket t s and Calv in, 1939 : 189, pl . 39

fi . 2.g

Isocheles p i losus .

‘ Fores t , 1964 : 294 .

Recorded Range — OIT San Franci sco Bay , Ca l i forn ia , to Estero de Punta Banda ,

outer Baja Ca l i forn ia .

Materia l . Punta Abreojos, Bahr’a de Ba l lenas ; rn whi le wading ; 29 Jan. 1964 ;

1 mi les west of Boca de Santo Domingo ; 16’ otter trawl ; 14-20 m; 26 Jan. 1964;

Out side Punta Hughes ; 20 m; 30 Jan . 1964 ; 1 9 Punta Peque’

ri a , Bah ia de San
Juan ico; 3 m; 8 Feb . 1964 ; l o

”

,
l juv .

Remark s . Ident ificat ion of the above specimens wi th Isocheles p i losus i s tentat i ve ,

pending a revi s ion of genus Isocheles by J Forest of the Muse’um Nat iona l d ’

H istoire

Nature l le , Pari s . Some of the mater ia l may be long to I . p acificus Bouvier (see Forest ,
1964 : 29 1 , text-fig . Nei ther I . p i losus nor 1 . p acificus has heretofore been reported
from the outer coa st of southern Baja Ca l i forn ia , and the range i s extended 850 km south .

Pagur is tes baker i Ho lmes
Paguris les bakeri Holmes , 1900 : 152; Schm i tt , 192 1 : 122, 124, pl . 18 figs. 2, 6 ; Glasse11, 1937b : 243 , 244 .

Pagur is tes holmesi Glasse ll , 1937b : 243 , 247 .

Recorded Range .

— Outs ide San Franci sco Bay , Ca l i fornia , southward a long the

Ca l i forn ia and outer Baja Ca l i fornia coast (Glasse ll , 1937h ; Parker , and i n Gol fo de
Ca l i forn ia as far north as Punta Baja .

Materia l . —HOR IZON S ta . A- l l , 8 mi les west of Pun ta Redonda ; I saacs-Kidd
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midwater trawl , scraped on sand bottom ; 106- 1 16 m; 29 Jan . 1964; 1 juv .

Remarks . — S tudies now i n progres s by JH i nd ica te that Pagur is tes ho lmes i i s a
synonym of P . baker i Ho lmes . Pagur is tes baker i has been recovered from sha l low water
(genera l ly i n the northern ha l f of i t s range), but i t occurs more common ly i n over 40 m and

has been reported from depth s as great as 232 m
Pagur is tes ulrey i Schmitt
Paguris les ulrey i Schmi t t , 192 1 : 123 , 125, pl . 18 figs . 3-5, 7 .

Paguris les occa tor G lassel l , 1937b : 243 , 244 .

Recorded Range . Monterey Bay , Ca l i forn ia , southward a long the Ca l i forn ia and

outer Baja Ca l i fornia coa st , and i n Go l fo de Ca l i forn ia as far north a s Punta Gorda .

Materia l . Baj 1’o Knepper, Pun ta Abreojos; 17-20 m; 9 Feb . 1964 ; l 9 ov ig . Bah ia
de San H ipol i to ; 10- 13 m ; 9 Feb . 1964 ; So

"
, 3 9 ov ig . , 1 juv . Without da ta ; l o", 2 9 ( 1

2 juv .

Remark s . —Examinat ion of spec imen s i n the co l lect ion s of the A l lan Hancock
Foundation i nd icates that th i s speci e s i s not uncommon i n the southernmost part of
Go l fo de Ca l i fornia , where i t occurs i n deeper wa ter than i t does i n h igher lat i tudes .
Pagur is tes occa tor G lasse l l seems to be a synonym .

Pagur is tes p arvus Ho lmes
Paguristes parvus Holmes , 1900 : 15 1 , pl . 2 fig . 26 ; Schm i t t , 192 1 : 123 , 124 , pl . 17 fig . 1 , text-fig . 83 .

Recorded Range . Known on ly from Whi te’s Po i n t near San Pedro , Ca l i forn ia .

Materia1. Arreci fe Sacramento ; 13 m, from ke lp ho ld fa st ; 25 Jan . 1964 ; l o
”

.

Remark s . —On the bas i s of the above specimen , the range of Pagur is tes p arvus i s
extended southward 550 km .

Pagur is tes anahuacus Glasse l l

Paguris les anahuacus Glasse ll , 1938 : 42 1 .

Recorded Range . Reported on ly from Pun ta Pe’fi asco , Go l fo de Ca l i forn ia .

Materia1. — Outside Pun ta Hughes ; 20 m; 30 Jan . 1964 ; l d
‘
. Roca de la Ve la ; 6 m ; 1

Feb . 1964 ; lo
“
, 1 9 . Outside I sla San ta Margari ta ,

we st of Pun ta Tosca ; 2 1-25 m; 3 Feb .

1964 ; 1 9 . 0 11 Pun ta Redonda ; 15 m; 5 Feb . 1964; l o
”

, 1 9 . Baj io Knepper, .
Pun ta

Abreojos; 16-20 m; 9 Feb . 1964 ; 1 1 9 . Without data ; 3 9 ov ig .

Co lor .

— Carapace sh ie ld wi th a broad median long i tudina l orange stripe on ante
rior ha l f; orange blotches on median port ion of latera l marg i n s . Proxima l ha l f of eyesta lk
orange ; di sta l ha l f brigh t purple , with a narrow whi te band at base of cornea . Antenna l
and antennu lar flage l la purp le . Pere iopod s orange .

Remark s . Punta Pena sco i s 1000 km north of Cabo San Luca s on the ma i n land
s ide of the Gul f. The range of th i s species i s further extended to the outer coa st of Baja
Ca l i forn ia , and 550 km north .

Pagur is tes p raeda tor Glasse l l

Pagur is tes p raeda tor Glasse ll , 1937b : 243 , 245 .

Recorded Range . Go l fo de Ca l i forn ia , from Bah ia de San ta I ne's and I s la Ti buro’n
south to I s la I sabel .
Materia l . 0 11 Boca de Santo Domingo ; 16’ otter trawl ; 40 m; 27 Jan . 1964 ; l juv .

Remarks . Examina t ion of a long series of specimens i n the co l lections of the A l lan
Hancock Foundat ion shows tha t th i s species occurs in frequent ly wi th i n the 40 m line ; i t has
been most often dredged i n 60 m or deeper . The range i s extended to the outer Baja
Ca l i fornia coast , and 350 km north .
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Pagur is tes , undescri bed species
Paguris les spec ies , Schm it t , 1939 : 9 .

Materia1. —0 11 Boca de las An imas ; 16’ otter trawl ; 40 m ; 27 Jan . 1964 ; l o”
0 11 Boca de Santo Domingo ; 16' otter trawl ; 40 m ; 27 Jan . 1964; 2 0

”

( 1 juv

Co lor .

— Carpus of che l ipeds red ; che lae whi te wi th red blotches,
'

which merge to
form a tran sverse band about m idway a long each finger . Wa l k i ng leg s whi te ; propodus and
dacty l each wi th a proxima l and subd ista l red ri ng .

Remark s . — Th i s species , which wi l l be descri bed and i l lustrated in a future report ,
appears to be abundant on the outer Baja Ca l i forn ia coa st . The ovigerous fema le noted by
Schmitt ( 1939) was co l lected by the HOUSTON (Pres identia l Cru i se of 1938) i n Bah i'a
Magda lena between Punta Be lcher and the anchorage , i n 20-30m .

Fami ly PAGUR IDAE
Pagurus sm i thi (Benedict)
Eupagurus sm i thi Bened ict , 1892: 4 .

Pagurus smi thi : G lasse l l , 1937b : 256 , 259 .

Recorded Range . Gol fo de Ca l i forn ia, from Estero de Tasiota to Pun ta Piaxt la on
the ea st side (Parker, 1964) and from Bah ia de San ta I nes to Bah ia de la Paz on the Baja
Ca l i forn ia pen i n sula .

Materia l . 0 11 Boca de San to Domingo ; 16’ ot ter trawl ; 40 m ; 27 Jan . 1964 ; 2 juv .

Remarks . — Th i s spec ies i s we l l represen ted i n the co l lect ion s of the A l lan Hancock
Foundat ion from depth s grea ter than 40 m; i t seems to occur rare ly wi th i n the -40 m
contour . The range i s extended 150 km south to the outer Baja Ca l i fornia coast , 350 km
north a long the outer coa st .
Pagurus , undescri bed species ( 1)
Ma teria l . 0 11 Boca de las An ima s ; 16' ot ter trawl ; 20 and 40 m; 27 Jan . 1964 ;

2 9 ov ig . , 3 juv .

Remarks . —Th i s sma l l spec ies , represented by considerable materia l i n the col lec

tion s of the A l lan Hancock Foundat ion , wi l l be descri bed e l sewhere . I t be longs to the
group of Pagurus Species havi ng mu lt ispinulate eyesca les .

Pagurus lep idus (Bouvier)
Eupagurus lep idus Bouv ier , 1898 : 38 1 .

Pagurus [ep iduss Glasse ll , 1937b : 256 .

?Pagurus Iep idus : Chace, 1962: 623 , text-fig . 2.

Recorded Range .

— Go l fo de Ca l i forn ia , from Puerto Pena sco to El Mogote .

? I s la
C l ipperton .

Materia1. — 0 11 Boca de Santo Domingo ; 16’ otter trawl ; 40 m; 27 Jan . 1964; l o
”

, 1 9

ov ig . Out s ide Punta Hughes ; 20 m ; 30 Jan . 1964 ; 1 9 ov ig . Pun ta Ca la ; 3 m ; 3 1 Jan.

1964 ; 1 juv . Outs ide Bah i'a Magda lena ; 20 m; 1 Feb . 1964 ; I s la Santa Margari ta ; 16’
otter trawl ; 20 m ; 4 Feb . 1964 ; l o

”

, 1 9 . Pun ta Redonda ; 15 m; 5 Feb . 1964 ; l o
"

. Punta
Peque‘r’1a , Bah i'a de San Juan ico ; 3 m ; 8 Feb . 1964 ; 1 9 . Bahr’a de San H ipo l i to ; 10- 13 m;
9 Feb . 1964 ; 2 9 ( 1 Baj io Knepper, Punta Abreojos; 16-20 m; 9 Feb . 1964 ;

1 juv .

Co lor . Most of the specimen s showed a co lor pattern on the wa lk i ng leg s l i ke tha t
i n Chace’s i l lustration ( 1962, text-fi g . I n a few ind iv iduals the long i tudina l stripes were
les s we l l deve loped , and pigment was concen trated at the proxima l end of the dacty l to
form a narrow ri ng . Curren t studies by 1 11 show that there i s a series of ea stern Pacific
Pagurus species c lose ly a l l ied to P . lep idus and probably con fused under that name ; th i s
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problem , as i t concerns the Mag Bay materia l , wi l l be d i scussed e l sewhere .

Remark s . — The range of th i s species i s extended to the outer Baja Ca l i forn ia coa st
and 550 km north .

Pagurus ga lapagens is (Boone), new combina tion
Nympagurus ga lapagens is Boone , 1932 : 17 , text-fig . 5 .

Recorded Range . Known on ly from Bah ia de Gardner, I s la Hood (or Espano la)
Arch ipie lago de Ga lapagos .
Materia l . Roca de la Ve la ; 6 m; 1 Feb . 1964; 1 9 .

Co lor . Hand under dense tomentum pa le orange , with tuberc le s of darker orange ;
fingers whi te wi th an i n ten se orange spot at t ip of each . Wa lk i ng leg s wi th long i tud i na l
orange stripes , overlyi ng a broad median orange ri ng on carpus and propodus and two

ri ng s on dacty l .
Remarks . — S tud ies current ly i n progress by JH i nd ica te that th i s spec ies occurs

throughout the Panamic fauna l provi nce . Examination of the ho lotype (Cat . No . 12238 i n
the American Museum of Natura l H i story , New York) showed that i t fa l l s wi th i n Pagurus
as tha t genus i s curren tly (a l though too broad ly) defined . I ts afli ni t ies are with a natura l
group of Pagurus species recent ly di scussed and designated as “groupe miamens is

”

(Forest
and Sa i nt Lauren t , 1968 :
Pagurus ,

undescribed species (2)
Materia l . HOR IZON S ta . A- l 1 ; 8 mi les west of Punta Redonda ; I ssacs-Kidd

mi dwater trawl scraped on sand bot tom ; 106- 1 16 m; 29 Jan . 1964; 2

Remark s . Th i s species has been col lected on severa l occa s ions around the southern
part of the Baja Ca l i forn ia pen in sula , never i n les s than 104 m . I t wi l l be de scri bed in a
future report .
Py lop agurus ca l iforn iens z

‘

s (Benedict), new combinat ion
Eupagurus cal zforniensis Bened ict , 1892: 2 1 ; Faxon, 1895: 55, pl . 1 1 figs. 2, 2a-f.

Pagurus cahforniens is : Glassell , 1937b : 256 , 257 .

Recorded Range . Santa Cata l i na I s land , Ca l i forn ia , and Cabo Tepoca , Go l fo de
Ca l i fornia , to Dan

'en , Panama. I s la del Coco ; Arch ipié lago de Ga lapagos .
Materia l . — 0 utside Bahfa Magda lena ; 20 m ; 1 Feb . 1964 ; 1 0

”
. W i thout data ;

Co lor .

— Carapace sh ie ld wi th long i tudina l dark and l igh t streak s anteriorly ; so l id
color toward anterolatera l marg i n s . Eyesta l k s orange , with broad whi te ri ng submedia l ly .

Ba sa l an tenna l art icle and acicle orange ; acicle darker a long outer edge . Manus and fingers
of major che l iped with di 11used orange ; ra i sed granular area s wh i te ; outer marg i n wi th
a l ternat ing whi te and orange spots . Carpus so l id dark orange except for narrow long i tud i
nal white area a long i n ner marg i n , and a few very sma l l wh i te spots on dorsa l surface .

Merus most ly orange , with sma l l wh i te spots . Manus of minor che liped with a large
irregu lar orange area on dorsa l surface ; a long i tudi na l orange stripe , not conti nued far
on to po l lex , a long outer edge . Carpus wi th th i n orange stripe a long each dorso latera l
marg i n ; a broader stripe midway a long both outer and i nner latera l surfaces ; another a long
ventra l surface . Merus of wa l k i ng legs wi th two long i tud ina l red stripes on outer surface ,

one on upper marg i n , and two on i nner surface ; carpus wi th three on outer surface , one on
dorsa l marg i n , and two on i n ner surface ; propodus wi th two on outer surface , one on dorsa l
marg i n , one on ven tra l marg i n , and two on i nner surface ; dacty l wi th one each on outer
surface , dorsa l marg i n , and i n ner surface . With the exception of those on i n ner surface of
merus , which are i ncomplete , none of these stripe s are i n terrupted . A l l these stripes are
imposed on broad tran sverse bands of whi te and pa le orange .
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Remarks . — Th i s species , and the two that fo l low ,
have not been recogn ized as

members of the genus Py 10p agurus and were consequent ly not i nc luded in Wa l ton ’s ( 1954)
review of the ea stern Pacific forms of tha t genus . The shape of the major che la and the
presence of pa ired first p leopods i n the fema le p lace a l l three specie s wi th Py lop agurus .

A l though there are no publ i shed records of Py lop agurus ca l iforn iens is a long the outer
coast of Baja Ca l i forn ia , the d i stribution be tween San ta Cata l i na I s land and Bah i'a
Magda lena i s not i n terrupted ; specimens from many i n termedia te loca l i t ies are i n the
col lect ions of the A l lan Hancock Foundat ion .

Py lop agurus venus tus (Bouvier), new combina t ion
Eupagurus venus tus Bouv ier , 1898 : 383 .

Recorded Range . Known on ly from Bahfa de la Paz , Go l fo de Ca l i forn ia .

Materia l . Outs ide Punta Hughes ; 20 m ; 30 Jan . 1964 ; 1 9 ov ig .

Co lor . Ground co lor whi te and pa le orange , with darker shades of orange-brown .

Carapace pa le brown , wi th two irregu lar sma l l brown blotches an ter ior ly . A narrow band
of pa le orange on eyesta l k s at about leve l of t ip of eyesca les . Major che la wi th irregu lar
di ffused brown except on fingers and di sta l ha l f of la tera l expansion . A few sma l l dots on
fingers. O ther segments of major che l iped wi th irregu lar blotches ; darker on latera l
surfaces . M i nor che l iped wi th two broad bands on manus , one on carpus , one on hand and
basa l part of fingers; these bands are brown , edged i n darker brown , and with an irregu lar,
s i nuous out l i ne . Wa lk i ng leg s wi th s im i lar, s inuous-marg i ned band s : two on merus , a di sta l
one on carpus , a median one on propodus, and a proxima l one on dacty l . Non-banded
area s wh i te and very pa le orange .

Remark s . The characteri stic broad bands wi th si nuous marg i n s wh ich decorate the
wa lk i ng legs un fortuna te ly fade rap id ly i n a lcoho l ; specimens can then best be di st i n
gui shed from faded specimen s of Py lop agurus ca l iforniens is by the carpus of the right
che l iped , which i n P . venus tus i s covered dorsa l ly by numerous forward-directed sp i nu les .

The range i s extended 150 km south to the outer Baja Ca l i forn ia coast , and 300 km
north a long the outer coa st .
Py lop agurus roseus (Benedict), new combinat ion
Eup agurus roseus Bened ict , 1892: 22.

Recorded Range .

— The type loca l i ty was g i ven on ly as Gul f of Ca l i forn ia by
Benedict . According to the accompanyi ng labe l , however, the ho lotype and on ly known
spec imen was co l lected 0 11 Bah i'a Ada ir, i n the northernmost part of the Gul f, 1000 km
north of Cabo San Luca s .
Ma teria1. — North of Pun ta Be lcher ; 8 m; 2 Feb . 1964 ; 1 9 . Pun ta Ca la ; 5 m; 6

Feb . 1964 ; 9 ov ig .

Color . Eyesta l k s wh i te , with broad orange band at about leve l of t ips of eyesca les .

Che l ipeds orange-brown ; carpus wi th many sma l l wh i te spots . Wa lk i ng leg s orange-brown ;
merus with large white b lotches ; propodus and dacty l each wi th a broad , subdista l whi te
ri ng and a di sta l narrower one .

Remark s . — The range i s extended to the outer Baja Ca l i forn ia coast , and 300 km
north .

Py lop agurus d iegens is Scanland and Hopk i n s
Py lopagurus d iegens is Scanland and Hopk ins , 1969 : 257, fig . 1 .

Mater ia l . Uncerta i n loca l i ty data ; 1 9 .

Remark s . Th i s species has been co l lected at severa l loca l i t ies i n southern Ca l i forn ia
and northern Baja Ca l i forn ia .
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Fami ly GALATHEIDAE
Pleuroncodes p lan ip es S timpson
Pleuroncodes p lanip es S t impson, 1860 : 245 ; Schm it t , 192 1 : 163 , pl . 3 1 fig . 2.

Recorded Range . Mon terey Bay , Ca l i forn ia , and northern Gol fo de Ca l i forn ia ,
to

about 250 km south of Cabo San Lucas .
Materia l . These crabs were very abundant at the surface just i n side Punta Entrada

and many were col lected duri ng the expedi tion but were not cri t ica l ly examined . Large
wi ndrows of ei ther dead or mol ted i nd ividua l s l i t tered the beach just south of Punta
Be lcher and were fed on by Coenob i ta comp ressus .

Remark s . Pleuroncodes p lanip es norma l ly ranges from Baja Ca l i forn ia southward ;
Radovich ( 196 1 : 49-50) di scus sed the h i story of i t s occurrence 0 11 the Ca l i forn ia coast
duri ng periods of h igh ocean temperatures . Crabs of th i s spec ies are pe lag ic,

frequent ly
occurri ng near the surface i n swarms severa l m i les wide , and may be wa shed ashore i n
grea t numbers ; at other t imes they are not vi si ble near the surface , but may be taken by
m id-depth or bot tom trawli ng (Radovich 196 1 : Swarming and ma ss strandings on the
outer coast of southern Baja Ca l i forn ia were noted by severa l authors

,
i nc lud ing Mat thews

(1932 : S te i nbeck and Ricketts ( 194 1 : and Radovich ( 196 1 :
Fami ly PORCELLAN IDAE

Or thochela p um z
'

la Glasse l l

Orthochela pum i la Glassell , 1936 : 296, pl . 2 1 fig . 1 ; Ha ig , 1960 : 14, pl . 18 fig . 1 , text-fig . 1 .

Recorded Range . Bah1a Magda lena , outer Baja Ca l i forn ia , and Maza t lan Mexico,

to Bahfa de Caraquez , Ecuador .

Materia l . — I n side Pun ta Hughes ; 3-8 m; 29 Jan . 1964; 2 1 9 ( 18 1 juv .

Near Mexican nava l e stabl i shment at Puerto Cortez , northwest end of Bah1a de A lmejas ;
m ; 5 Feb . 1964 ; 1 Pun ta Peque‘r'i a , Bah1a de San Juan ico ; 3 m ; 9 Feb . 1964; 6 9 (4
Bah1a de San H i p6l i to ; 10-13 m ; 9 Feb . 1964 ; 3 9 ov ig .

Co lor .

— The specimens co l lected and descri bed by G lassel l were ye l low , wi th red

stria tion s on the carapace and some red area s on the chelae ; they were found c l i ng i ng to
ye l low gorgon ian coral s . Duri ng the “Mag Bay

”

expedi tion co l lectors took some ye l low
indi vidua l s wi th red mark i ng s ; other specimen s were so l id purp le ; blotched red and yel low ;
brown with wh i te spots ; and whi te with rust-co lored spot s . Each specimen perfect ly
ma tched the co lor of the gorgon ian cora l upon which i t was found .

Remark s . — Severa l other porcellani ds were found associa ted wi th Or thochela p u
m i la on gorgon ian s . Un l i ke Or thochela ,

however, they are not obl iga tory commensa l s but
take she lter i n a variety of si tuat ion s .

Or thochela p um i la was previous ly co l lected by G lasse l l at Bah1a Magda lena , the type
loca l i ty . 0 n the ba s i s of specimen s col lected duri ng th i s expedi tion , the range of the species
i s extended northward a long the outer Baja Ca l i forn ia coa st 300 km to Bah 1a de San
H ipdli to .

Petro l is thes sanfel ip ens is Glassel l
Petrol is thes sanfelipensis G lasse l l , 1936 : 28 1 ; Ha ig , 1960 : 24, 30, pl . 20 fig . 3 .

Recorded Range . Bah1a de San Juan ico to Bah1a Magda lena , outer Baja Ca l i for
nia (Ha ig ,

Punta Pe'

n
'

a sco to Guaymas , Go l fo de Ca l i forn ia .

Materia1. — 0 ‘utside Pun ta Hughes ; 20 m ; 30 Jan . 1964 ; l o
” Near Mexican

nava l establ i shmen t at Puerto Cortez , northwest end of Bah1a de A lmeja s ; m ; 5 Feb .

1964 ; 1 9 . Pun ta Peque'n'a ,
Bah1a de San Juanico ; 3 m; 9 Feb . 1964 ; l d

‘
Guv .)

Remarks . — The specimen from Pun ta Pequefia was taken from a gorgon ian . The
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extended northward from Bah ia de San ta Maria 150 km to Bah1a de San Juan ico .

Porce l lana paguriconviva Glassel l
Porcellana paguriconvi va Glassell , 1936 : 293 ; H a ig , 1960 : 198 , 203 , pl . 38 fig . 1 , text-fig . 9

Recorded Range . Bah1a Magda lena , outer Baja Ca l i forn ia (Ha ig , and Pun ta
Pena sco ,

Go l fo de Ca l i forn ia , to I s la s Toboga and Tabogui lla ,
Panama

’

(Haig ,
Materia l . 0 11 Pun ta Redonda ; 15 m; 5 Feb . 1964 ; 4 9 .

Co lor . Ground co lor i n l i fe brigh t lavender, wi th un i form long i tudina l s tripes of
bright orange . Che l iped s bright lavender; leg s wi th a whi te spot on propodus . Ventra l s ide
iri descent

, pi nk i sh whi te ; long i tudina l stripes on carapace con ti nued on first three Segments
of abdomen (G lasse ll ,

Remark s . — The specimen s were found l i vi ng i n she l l s i n a s soc iat ion wi th Am'

culus

elegans S timpson . Porcel lana p agur iconvi va was previous ly reported i n a s sociat ion wi th
two other large hermits , Petrochirus ca l iforn iens is Bouvier and Pagur is tes d iguet i Bouvier .

Pis id ia magda lenens is (G lasse ll)
Porcel lana magda lenens is Glassell, 1936 : 295 ; 1938 : 43 1 , pl . 32 .

Pis id ia magdalenens is : Ha ig , 1960 : 209 , pl . 38 fig . 4, tex t-fig . 10 .

Recorded Range . Bah1a de San ta Maria , outer Baja Ca l i fornia (Glasse l l , to

Bah 1’a de San ta E lena ,
Ecuador . Apparen t ly absent from Gol fo de Ca l i forn ia .

Ma teria l . I n side Pun ta Hughes ; 6 m ; 29 Jan . 1964; 2 9 . Outs ide Pun ta Hughes ;
20 m; 30 Jan . 1964; 1 9 ovig . 0 11 I s la San ta Margari ta ; otter trawl ; 20 m ; 4 Feb . 1964 ;

1 0
”

Remark s . — The specimen s co l lected i nside Pun ta Hughes were a s sociated wi th
ye l low gorgon ian cora l s .
Mega lobrachium garthi H a ig
Mega lobrachium gar thi Ha ig , 1957 : 39, pl . 10; 1960 : 2 13 , 220, pl . 16 fig 7, pl . 39 fig . 4 .

Recorded Range . I s la Turner,.
Golfo de Ca l i forn ia , to Puerto U trfa , Co lombia .

Ma teria l . I n s ide Pun ta Hughes ; 6 m; 29 Jan . 1964 ; Outs ide Bah1a Magda lena ;
20 m; 1 Feb . 1964 ; I n side Punta Tosca , i n lagoon ; 5 m ; 4 Feb . 1964 ; l o

”
.

Remark s . — The specimen from Pun ta Hughes was taken from a ye l low gorgonian ,
and the one from Punta Tosca from a sponge . The range of th i s species i s ex tended to the
outer coast of Baja Ca l i forn ia , and 300 km north .

Mega lobrachium tubercul ip es (Lock i ng ton)
Pachycheles tubercul ip es Lock ing ton, 1878 : 396 , 404 .

Pisonella tubercul ip es : Glassell , 1938 : 437, 440, pl . 34 fig . 1 .

Mega lobrachium tubercul ip es : Ha ig , 1960 : 2 13 , 227, pl . 16 fig . 1 1 , pl 40 fig . 4 .

Recorded Range . Punta Pe‘n'asco and San Fe l ipe , Go l fo de Ca l i forn ia , to Bah1a de
Santa E lena, Ecuador .

Ma teria l . I n side Punta Hughes ; 6 m ; 29 Jan. 1964 : l o
"
,
1 9 . I n side Pun ta Tosca ,

i n
lagoon ; 5 m ; 4 Feb . 1964; 2 o

”

. Bah ia de San H ip6l i to ; 10-13 m ; 9 Feb . 1964 ; 1 9 .

Remark s . — Spec imen s were taken from a ye l low gorgon ian at Pun ta Hughes and
from sponge at Punta Tosca .

The range of this species i s extended to the outer coast of Baja Ca l i fornia , and 550 km
north .
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APPENDIX
The check l i st and keys wh ich follow include all species of anomuran crabs known to occur on the west

coast of Baja Cal i fornia from Punta San Eugenio (Punta Eugenia) southward , in depth s of 40 m or less .
N ine teen of these spec ies are included as a result of the exped i t ion repor ted upon in the fi rst pa r t of th i s paper ;
26 species on the bas i s of pub l i shed records ; and 7 spec ies on the streng th of records , as yet unpubl i shed , in theAllan Hancock Foundat ion of the Uni ver s i ty of Southern Cal i fornia .

CHECKL IST OF ANOMURAN CRABS FROM
SOUTHWESTERN BAJA CAL I FORN IA , MEX ICO
Unpubl i shed records are marked wi th an asteri sk

Fami ly H IPP I DAE
Emer i ta ana loga (S t impson)

H ippa ana loga S t impson, 1857 . 85 . Emeri ta ana loga : Schm it t , 192 1 : 173 , pl 3 1 fig . 5 , text fig 1 10; 1935 :

214, 2 16, text figs. 75a , b . Range: Alaska to southwes t Baja Cal i fornia ; also Peru and Ch i le . Bah 1a de San
Bar tolome (Schm it t Bah 1a Magdalena (Schm i t t

Fami ly ALBUNEIDAE
Lep idopa myops S t impson

Lep zdops myops S t impson, 24 1 . Lep idop a myop s : Schm it t , 192 1 : 172, pl . 3 1 fig . 4 . Range : SouthernCal i forn ia to Cabo de San Luca s , Golfo de Cal i fornia .

* Bah 1a de Santa Man a .

Fami ly COENOBITIDAE
Coenob i ta comp ressus H . M i lne Edwards . See p . 15

Fami ly DIOGEN IDAE
Dardanus s in is tr ip es (S t impson) . See p . 16

Ca lcz
'

nus ca l iforn iens is Bouv ier . See p . 16

Petrochirus ca l zform
’

ens is Bouv ier .

Petrochirus ca l iforniens is Bouv ier, 1895 : 6 . G lassell , 1937b : 25 1 . Range : nor thern Golfo de Cal i fornia toEcuador . *Bahfa de Santa Marfa .

Am
‘

culus elegans S t impson. See p . 16 .

Tri z op agurus magnificus (Bouv ier) . See p . 17

C11
'

banarius panamens is S t impson . See p . 17

Isocheles Sp . See p . 17

Pagur is tes baker i Holmes . See p . 1 7 .

Pagur is tes ulrey i Schm i t t . See p . 1 8

Pagur is tes d zguet i Bouv ier
Pagur is tes d zgue l i Bouv ier, 1893 : 18 , tex t-fi g . 1-4 Glassell , 1937b : 243 . Range : Golfo de Cal i fornia .

* Bah 1a
de Santa M arfa ; *Bah 1a Magdalena .

Pagur is tes anahuacus G lassel l . See p . 18

Pagur is tes p raeda tor Glassell . See p . 18

Pagur is tes , undescri bed spec ies . See p . 19

Fami ly PAGUR IDAE
Pagurus g lad ius (Benedict)

Eup agurus g lad ius Bened i ct , 1 892 : 7 . Pag urus g lad ius : G lasse ll , 193 7b : 256 , 257 . Range : Go l fo deCal i fornia to Ecuador . *Bah 1a de Santa Mar1a ;
*Bah1a Magdalena ; *Punta Tosca .

Pagurus sm i thi (Bened ict) . See p . 19 .

Pagurus , undescri bed spec ies See p . 19 .

Pagurus lep idus (Bouv ier). See p . 19 .

Pagurus ga lapagens is (Boone) . Seep . 20

Pagurus samuel is (S t impson)
Eupagurus samuel is S t impson, 1857 : 86 . Pagurus samuel is: Schm it t , 192 1 : 129, 139, pl . 16 fig s . 2-3 , text
fig . 90 . Range: Nor thern Ca l i fornia to northwest Baja Ca l i forn ia .

*Punta San Eugenio ; *Punta San

Bartolome ; * Bah 1’a de Tor tuga ; *Punta Asuncfon ; *Punta Abreojos .

Py lopagurus ca l iforn iensis (Bened ict) . See p . 20 .

Py lopagurus venus tus (Bouvier) . See p . 2 1

Py lopagurus roseus (Benedict) . See p . 2 1

Fami ly GALATHEIDAE
Mam

'

da mex icana Bened ict
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Mam
'

da mex i cana Bened ic t , 1902 : 25 1 , 264 , tex t fig . 1 3 . Range : No r t he rn Go l fo de Ca l i forn ia toArch ip1elago de Galapagos . Bah 1a de Santa Mar la (Bened ic t) .
Mumda refulgens Faxon

Mam
’

da refulgens Faxon, 1893 : 177; 1895 : 75, pl 17 . Range : Southern Golfo de Ca l i forn ia to Panama .

* Bah 1a Magdalena .

Mam
'

da tenel la Bened ict
Mam

'

da tenella Bened ict , 1902 : 252, 274, text-fig . 20 . Range : Gol fo de Cal i fornia .

* Bah1a M agdalena .

Pleuroncodes p lanip es S t impson. See p .
22

.

Fami ly PORCELLAN I DAE
Or thochela pum i la Glasse ll . See p .

22
.

Pe trol is thes sanfel ip ens z
’

s Glassel l . See p . 22 .

Petrohs thes edwardsu
'

(Saussure)
Porcellana edwards i i Saus sure , 1853 : 366 , pl . 12 fig . 3 . Petr0 11s thes edwards i i : Ha ig , 1960 : pl . 2 1 .

Range : Southwest Baja Cal i fornia and southern Golfo de Ca l i fornia to Ecuador . Bah 1a de Santa Mar 1a
Bah 1a Magdalena (Ha ig) .

Pe trol is thes hir t ip es Lock ington
Petrol is thes h1rt 1p es Lock ing ton, 1878 : 395 , 397 . G lasse ll , 1936 : 284 . Ha ig , 1960 : pl . 24 fig . 3 .

Range: Gol fo de Cal i fornia and southwest Baja Cal i fornia . Bah 1a Magdalena (G lasse l l) .
Pe l ro l isthes mammacuhs G lasse l l

Pe trol is thes mam
’

macul z
’

s G lassel l , 1945 : 223 , text-fig . 1 . Ha ig , 1960 : 28 , 77 , pl . 27 fi g . 1 . Range : Nor thernCal i fornia to southwest Baja Cal i fornia . Punta San Eugenio (Ha ig) .
Petrol is thes g rac i l is S t impson

Pe tro l isthes g rac i l is S t impson, 1858 : 227 (nom . M d ); 1859 : 74 . Ha ig , 1960 : 28 , 79 , pl . 27 fig . 2. Range :Nor thern Golfo de Cal i fornia to southern Mex ico . Bah 1a de Santa M ar ia (Ha ig).
Petroh

’

s thes cabr i l lo i G lassel l

Petro l isthes cabr i lloa Glassel l , 1945 : 225, text-fig . 4 . Pe tro l is thes cabr i llo i : Ha ig, 1960 : 28 , 88 , pl . 26 fig . 3 .

Range : Cent ra l Cal i fornia to sout hwest Baja Cal i fornia . Punta San Eugenio; Punta San Ba rtolome’; Punta
Asunc1

’

on; Punta Abreojos; Bah 1'a de San Juanico ; Bah 1’a M agdalena (Ha ig).
Pe trol is thes crenula tus Lock ing ton

Petro l is thes crenula tus Lock ing ton, 1878 : 395, 398 . Ha ig , 1960 : 27, 1 10, pl . 23 fig . 4 . Range : Golfo deCal i fornia and southwest Baja Cal i fornia . Bah 1’a Magdalena (Ha ig) .
Petrol isthes hians Nobi l i . See p . 23

Pachycheles marcortez ensz
’

s G lasse ll . See p . 23 .

Pachycheles sp im
’

dacty lus Ha ig
Pachycheles sp im

’

dacty lus Ha ig , 1957 : 3 1 , pl . 7 ; 1960 : pl . 3 3 fig . 2 . Range : Southwest BajaCa l i fornia and southern Golfo de Ca l i fornia to Colombia . Bah 1a de Santa M a r ia (H a ig ,

Pachycheles p anamens is Faxon . See p 23 .

Pachy cheles pubescens Holmes . See p . 23 .

Pachycheles rud is S t impson
Pachycheles rud is S t impson, 1858 : 228 (110m , 1859 : 76 , pl . 1 fig . 5 . Ha ig , 1960 : 133 , 170, p l . 34 fig .

1 . Range: Ala ska to southwest Baja Cal i fornia . Punta San Bar tolome ; Bah 1a M agdalena (Ha ig).
Pachycheles holosen cus Schm i tt . See p . 23 .

Euceramus trans vers i l inea tus (Lock ing ton)
Porcellana trans vers i l inea la Lock ing ton, 1878 : 396, 405 . Euceramus trans vers i l inea tus : Glassel l ; 1938 : 426,

pl . 30 . Ha ig , 1960 : 188 , 190 , pl . 36 fig . 2, text-fi g . Range : Northe rn Golfo de Cal i fornia to Panama .

Bah1a de Santa Marfa ; Bah 1'a Magdalena (Ha ig).
Porcellana cancr isocia l is Glasse l l . See p . 23

Porcellana pagur iconvi va G lasse l l . See p . 24

Pis id ia magda lenensis (G lassell) . See p . 24

Mega lobrachium gar thi Ha ig . See p . 24 .

Megalobrachium erosum (G lasse lj )
Pisosoma erosa G lasse ll , 1936 : 289 . Mega lobrachium erosum : Ha ig , 1960 : 2 13 , 222, pl . 16 fig 8 , pl . 40 fi g .

2. Range : Gol fo de Cal i fornia and southwes t Baja Ca l i fornia . Punta Ma larrimo ; Bah 1’a de San Juanico
(Ha ig) . Bah1a M agdalena (G lasse ll).

Mega lobrachium tubercul ipes (Lock ington). See p . 24 .

Po lyonyx quadr iungula tus G lassel l

Po lyonyx quadr iungula tus Glasse ll , 1935 : 93 , pl . 9 . H a ig , 1960 : 233 , 236 , pl . 4 1 fi g . 2, text-fig .

Range : Southern Cal i fornia to southwes t Baja Cal i fornia . Punta San Eugenio (Ha ig) .
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KEY S TO ANOMURAN CRABS KNOWN FROM
SOUTHWESTERN BAJA CAL I FORN IA , MEX ICO

Ident ificat ions made with these keys should be cons idered tentat i ve unt i l spec imens can be checked aga instdescript ions and i llustrat ions . The two sand crabs fall ing wi th in the scope of our report were dealt w i th by Schmi t t
The hermit crabs of the eastern Pacific are currently be ing rev i sed , but publ i shed informa t ion ava i lable at

th i s wri t ing i s w idely scat tered and in some cases inadequate ; a numbe r of references are g i ven in the preced ingsect ions o f t h i s paper . For the Ga lathe i dae , Pleuroncodes p lanip es was trea ted by Schm i t t and

descript ions and i llus trat ions of the rema ining species are found in e i ther Faxon ( 1895) or Bened ict The

eas tern Pacific Porcellanidae were monographed recently by Ha ig

Sand Crabs
l a . Carapace suboval ; fi r st pa i r of legs s imple : H IPPIDAE . Emer i ta ana loga

1h. Carapace subquadrangular; first pa ir of legs subchelate : ALBUNEIDAE Lep idopamyops

Hermit Crabs
l a . Antennular peduncles several t imes leng th of eyestalks; antennular flage llum compressed and truncated

at t ip : COENOBITIDAE Coenob i ta comp ressas

1h . Antennular peduncle less than tw ice lengt h of eyesta lks; antennular flagel lumend ing i n a fi lament .

2a . Outer maxi ll ipeds approx imated at the ir bases ; chel ipeds equal or subequa l 1n s ize , or left chel iped largerthan righ t (inPe trochi rus , righ t larger than left): DIOGENIDAE
2b . Outer max i ll iped s widely separated at the ir bases ; righ t che l iped a lways larger than left : PAGUR IDAE
3a . Chel ipeds marked ly unequal in s ize and form
3b . Chel iped s equal or subequal in s ize and form
4a . R ight chel iped larger than left Pe trochi rus ca l iforn iens is
4b . Left che l iped larger than r igh t
Sa . Major chela smooth ; fingert ips calcareous Ca lcinas ca l zforniens is
5b . Major chela tuberculate ; fingert ips corneous and dark Dardanus s inis l rip es

6a . No pa i red abdom inal appendages in e i ther sex
6b . Pa i red pleopods present on first and second abdominal segments of male, and usually on first ab

dominal segment of female
7a . Finger t ips acuminate ; antennal flage lla heav i ly setose l socheles Sp .

7b . Fingert ips spooned or hoof-shaped ; antennal flagella nude or sparsely setose
8a . Chel ipeds and walk ing legs wi th strong , grooved rings Aniculus elegans

8b . No such rings on legs

9a . Fingers open hor izonta lly ; no wh ite spot s on chelae ; walk ing legs wi t h long i tudinal dark and l igh tstr ipe s C11banar1uspanamen5 1s

9b . Fingers open obl iquely ; chelae and wa lk ing leg s wi th largewh i te spot s Tr i z opagurus magnificus
10a . Fingert ips acuminate ; rostrum scarce ly developed , broad ly rounded ;

no pa ired pleopods in females Pagur is tes , undescr i bed sp .

lob . Fingert ips spooned ; rostrum a well-developed , acute project ion; females wi th a pa ir ofpleopods
1 l a . Rostrum long , acuminate , extend ing well'between eyesca les
1 1b . Ros trum broad , well-produced but fall ing short of or barely reach ing base ofeyescales
12a . Chelae nar row , covered wi th dense tomentum ; eyes talks and antennae blue Pagur is tes anahuacus

12b . Chelae very broad , not tomentose ; eyestalk s and antennae not b lue . Paguris tes d iguet i

13a . Eyesca les wi th marg ins ent i re ; in adul ts , spines on chel ipeds
not densely pigmented Pagur is tesp raeda tor

13b . Eyescales toothed ; in adult s , spines on chel ipeds dense ly pigmented “

14a . Antennal flagellum with very long ha irs on lower surface ; rostrum ex tend ing beyond la teral frontallobes . Pagur is tes ulrey i

14b . Antennal flage llum with short ha irs on lower surface ; ros trum about equal in leng th to lateral frontallobes Paguris tes baker i

15a . Major chela narrow , not forming an operculum ; no pa ired pleopod s in female
15b . Major chela broad , 1orming an operculum ; femalewi t h a pa ir ofpleopods
16a . Eyesca leswi th 2 ormore sp ines
16h . Eyescaleswi th a s ingle spine
l 7a . Tip ofeyesca le rounded and bearing 2 or 3 sp1nes Pagurus , unde scr i bed sp .

17b . Tip of eyescale truncate and bear ing 4 spines Pagurus lep idus

18a . Carapace sh ield wider than long ; eyesta lks g reat ly expanded d i stally
18b . Carapace sh ield longer thanwide; eyestalks not great ly expanded d i stally
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. Major che la g ranulate on outer marg in, about -3 t imes as long as wide, narrower than carpus
except at base of fingers Pagurus g lad ius

. Major chela wi th sharp teeth on outermarg in, about twice as long aswideand about as wide
as carpus ” Pagurus smi thi

. Major chela wi th a th ick fringe ofhairs onmarg1ns, 1tsdorsal surfacetomentose and spiny Pagurus ga lapagens isMajor chela not ha iry , i t s dorsal surface granulose Pagurus samuel is

Inner marg in ofmajor chela not expanded ; no long i tud inal ridge onmovable finger Py10pagurus roseusInnermarg in ofmajor chela usually expanded la terally ; movable fi nger wi th a long i tud inal ridgeCarpus of major chel iped nearly smooth ; walk ing legs wi th long i tud inal s tripe s overlying d i ffuse broadbands . Py lopagurus ca l iforniens isCarpus of major chel iped wi th small , forward directed sp ine s covering i t s dorsal surface ; wa1king legswi th broad bands whose marg ins are s inuous and sharply defined . . Py lopagurus venustus
Galatheid Crabs

S ides of carapace greatly swollen and v i s i ble in dorsal v iew ; chel ipeds and walk ing legs w i th a th ickfringe of long , fine ha irs onmargins. 0 1tenpelag ic Pleuroncodesp lam
’

p es

S ides of carapace not v i s ible in dorsal v iew ; no th ick fringe of ha irs on chel iped s and walk ing legs .Bottom l i v ing
Second , th ird , and fourth segment s of abdomen armed wi th sp ines Munida tenella

Abdomenunarmed
Fingers about as long as, or shorter than palm ; rostrum wi th several latera l spines neari t s apex Mam

'

da refulgensF ingers much longer than palm ; rostrum wi thout sp ines at apex Mam
'

damex icana

Porcela in Crabs
Carapace nearly or qu i te half aga in as long as broadCarapace scarcely or not at all longer than broadCarapace and chel ipeds nearly smooth , without ha irs ; lateral marg ins of carapace wi th a series of about
12-15 minute, close-set spinules Orthochelapumi laCarapace and chel ipeds rugose , wi th long , scat tered ha irs ; no margmal spinules on carapace posterior
to epi branch ial spine Euceramus transvers i linea lus

Movable segment s of antennal peduncle wi th free acce ss to orb i tMovable segment s of antennal peduncle separated from orb i t by a broad project ion of basal segment .
S ide walls of carapace ent i re ; chel ipeds flattened , subequal
Pos terior port ion of s ide walls of carapace separated by membranous 1nterspace from anterior port ion;
chel ipeds th ick , robust , one d i s t inctly larger than the otherCarapace wi th transverse s triat ions ; a row of sp ines on anteriormarg i n ofmerus ofwalk ing legsCarapace not transversely stria te ; anteriormarg in ofmerus ofwalk ing legs unarmedCarapace wi th groups of sp ines on dorsal surface , and a row of spines on la teral marg ins posterior to
ep i branch ial spine . Petrol is thes sanfel ip ens is
No spines on dorsal surface of carapace, nor on lateral marg ins poster ior to
epi branch ial sp ine Petrol isthes edwardsu

Carpus ofchel iped s armed onanteriormarg inwi th strong teeth or tuberclesCarpus not armed wi th strong teeth or tubercles .

Carpus of chel iped s wi th wide set conical tubercles on anterior marg1n; chela with a thick fringe of ha ir
on outermarg in Pel ro listhes hirtipesCarpus wi th strong teeth on anter iormarg in; chela wi thout a th ick fringe of ha irs
Telson 5-plated ; outer orbi tal angle produced into a d i s t inct tooth Petrol isthes hians

Telson 7 plated ; outer orb i tal angle not strong ly produced . Petrol is thes crenula tus

Carpus of chel i ped about tw iceas long aswide , a lobe occupy i ng prox imal of

i t s anterior marg in Petrol is thes cabri l lo i

Carpus more than tw ice as long aswide , i t s marg ins subparallelCarapace nearly smooth posteriorly , often granular anteriorly ; merus of walk ing legs wi th a fringe ofha irs on anteriormarg in Petro l is lhesmanimacul is

Carapace nearly smooth anteriorly as well as pos teriorly ; merus of walk ing legs nude 0 1 wi th only
trace s of ha ir Petrolis lhes graci l isFront w i th a d i s t inct tuft ofhairs
Ha irs somet imes present on frontal area , but not forming a d i s t inct tuft
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Manus wi th a large granula te protuberance at base of pollex ; telson 5-plated in both sexes ; male s wi th
a pa ir ofpleopods ; chel iped s wi th e i ther long , scattered ha irs or short , close-set ha irs
No d i st inct protube rance on manus at base of pollex ; te lson 7-pla ted in male s , 7 or 5-p1ated in fema les ;male pleopods present or absent ; che1i pedswi th both long, scattered ha irs and shor t , close-set ha i rsCarpus of chel iped s wi th a broad triangular lobe ; chel iped s wi th long ,

scat tered ha irs Pachycheles rud isCarpus wi th a broad , serrate-edged lobe ; chel ipeds wi th short , close-set ha irs Pachycheles holosericusCarpus of chelipedswi th a broad lobe cut into 3 or4 uneven, serrate teeth ; males wi th a
pa ir ofpleopod s . . PachychelespubescensCarpus armed wi th 3 (rarely 4) spine-t ipped teeth ; no pleopod s inmales Pachycheles sp inidacty lusCarpus of chel iped s wi th 2broad teeth ; telson 7-p1ated ; males w i th a
pa ir of pleopod s Pachychelesp anamensr

’

s

Carpus wi th 3-5 nar row teeth ; telson 5-p1ated ; no pleopods inmales . Pachychelesmarcor tez ens isCarapace broader than long ; dacty l ofwalk ing legs wi th 4 fixed spine s Polyonyx quadr iungula lusCarapace not broader t han long ; dacty l of walk ing legs wi t h a s ingle terminal claw and several movablespinulesFront prominent , st rongly tridentate or tri lobate in dorsal v iewFront defiexed , appearing rounded or fa intly tri lobate in dorsal v iewLateral marg ins ofcarapace unarmed pos terior to ep i branch ial angleLateral marg ins of carapace wi th m inute sp inules Pis id ia magda lenens isEp i branch ial angle wi th 2or 3 sp inules ; frontal teet h po inted at t ips Porcellana cancrisocia l is

Epi branch ial angle unarmed ; frontal tee th rounded at t ips Porcellanapaguriconv1
°

va

Telsonof abdomen 7-plated Mega lobrachium erosum

Telson 5 platedCarapace, chel ipeds , and walk ing legs covered wi th small , shallow pi t s Mega lobrachiumgarthiCarapace, chel ipeds , and walk ing legs tuberculate Mega lobrachzum tubercul ipes
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COMPARAT IVE B IOLOGY OF AMER ICAN
BLACK WIDOW SP IDERS

B . J . KASTON

ABSTRACT . There are t h ree Amer ican spec ie s of b lack w idow sp iders : La trodec tus mac tans

and L . var io las in the eas tern U .S . , and onl y L . hesperus in the wes tern . Al thoug h there i s muchvariat ion w it h in each species , and to an ex tent some overlap , t hey d i ffer in several ways . The egg

sac in L . hesperus i s tan and pyr i form , in L . va r io la s gray and p yr i form , and in L . mac tans gray
and sp herica l . La troa'ec tus mac tans averages fewer egg Sacs per fem ale than L . hesperus , but

more eggs per sac ; L . va r io la s a verages the sm al les t number per sac . The eggs and new ly emerged
sp iderl ings are sma lles t in L . mac tans , and larges t in L . var io las ; t hose of L . var io las hatch and
emerge in the s hortes t , of L . hesperus in the longes t t i me .

New ly emerged sp iderl ings of each spec ies are ch aracteri s t ical ly marked , but a s t hey ap
proach m aturi t y they become more al i ke . e spec ial l y the fem ale s . M ature m ales are more eas i ly
d i s tingu i s hed by t hei r pa ttern . Red and w h i te mark s on the dorsum of ma ture females tend to be
mo s t prom inen t in L . var io las (and the texanus var ie ty of L . hesperus ) les s in L . mac tans , andleas t 0 1 even absent in L . hesp erus . The hour-gla s s m ark i s a lways d iv ided in L . var io las , and

genera ll y comp le te in the o t hers . La trodec tus va r io lus takes longes t to ma ture ; L . mactans i s

quickes t , and al so i s s hortes t l ived .

In al l t hree spec ie s the sp iderl ings usual l y no l t only once , occa s ionall y tw ice , and rarely
more t i me s be fore emergence from the sac . The sexual be hav ior is s i m i lar , and in each a port ion
of the embolus is left beh ind in the fem ale gen i tal ia a fter copulat ion . The palpa l organ of L . hes

p erus i s more l i ke th a t of L . var io las general ly ; but because of the ex treme varia tion , i t is not

a lways po s s ib le to separa te L . hesperus and L . mac tans by embolus co i l morpho logy . The interval s between succes s i ve ov ipo s i tions and the proport ion of egg s t ha t deve lop from succes s ive eggsacs s how no trend toward increas ing , or decreas ing . and are h ig h l y variab le in any series .

RESUMEN . En América ex i sten tres espec ies de arana s v iudas negras : La trodec tus mac tans

y L . var io las em la reg ion or ien tal de los E s tado s Un i do s , y L . hesperus en c l Oes te . Aun cuando

cada especie presen ta gran variab i l i dad en sus caractere s morfo log icos y algunos de el lo s son
comunes , en c ierto grado , a var ias e species , es po s ib le d i ferenc iarlas fac i lmente . En L . hesperus

el saco ov igero es p iri forme y de co lor marron , emL . va r io las es tamb ién p iri forme pero de color
gr is, y en L. mac tans es gri s y es fér ico . Las hembras de La trodectus mac tans presentan eu general
meno s saco s ov igeros y mas huevo s en cada saco que en L . hesperus ; m ientras que en L . var io las

el numero de huevo s por saco es m enor . Los huevo s y las arafi i tas rac ién nac idas son de tal la
menor emL . mac tans , y mayores en L . var io las . Las crias de L. var io la s tardan menos t iempo
en nacer, m ien tras que en L . hesperus la incubaci é n dura mas tiempo .

Las aranas racién nacidas correspond ien tes a e s tas tres e species presentan caracteres di feren
tes y b ién marcados ; pero tale s d i ferencias van reduc i éndose progresivamente a med ida que
alcanzan 1a madurez , l legando entonces a ser tan s im i lare s que resul ta d ific i l d i ferenciarlas , par
t icularmente tratandose de las hembras . Los machos m aduro s son sin embargo mas fac i les de
identificar , cons iderando el d isefio part icular que presentan . Las marcas rojas y b lancas que
aparecen en el dorso de las hembras m aduras t ienden a ser mas prom inentes en L . var io las ( y en
la variedad texanus de L . hesperus ) y meno s marcadas en L . mac tans ,

y en L . hesperus e sas mar

cas se desvanecen has ta l legar a de saparecer . La m arca em forma de reloj de arena aparece d i

v i d i da en L . va r io las , m ientras que en las o tra s espec ies es ta comp leta . La trodectus var io las es

la especie que tarda mas eh alcanzar 1a madurez , y L . mac tan m adura pronto ye es de V ida corta .

Las arani tas de es tas tres espec ie s pasan , an tes de sal ir de l saco , por una so la muda , a veces
dos y raramen te sufren una tercera muda . E1 compor tam ien to sexua l es s i m i lar en es tas tres

SAN DIEGO SOC . NAT. H IST . , TRANS . 33-82, 24 JULY 1970
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espec ies , y en tod as el las e l émbolo qued a en las gen i tale s de la hembra después de la c6pu1a .

E1 organo pa lpal de L . Izesperus es s i m i lar al de L . var io las ; pero deb ido a la ex trem ada var ia
b i l idad que presentan los ind i v i duo s , re sul ta a vece s d ific i l separar a L . l i esp erus de L . maotas

baséndose en la morfo log i a del ri zo del ém bolo . Los intervalo s en tre ouestas suces ivas de huevos
y la proporc ion de huevos que se desarro llan en las ser ies de saco s ov igeros no pre sen tan ningunatendenc ia part icula r , ya sea en sen t i do progresivo o reg res ivo , var iando ex tremadamente su

mi mero en cualqu ie ra de e s ta s espec ies .

Because of the potency of their venom aga i n st man, spi ders of the genus La trodec tus
are 0 1 great importance medica l ly . A s a resu l t of the i n terest genera ted duri ng protracted
periods i n which case s of envenomat ion were be i ng regu lar ly reported , and specimens were
be i ng co l lected by many peop le, severa l l i fe h i story stud ies were made duri ng the 1930’

s

and 1940
’

s . The taxonomic study by Levi ( 1958 , 1959) st imu lated a renewed i n terest
,
which

has continued to the presen t .
Pickard-Cambridge ( 1902) pub l i shed a revi s ion of the genus , i n which he considerably

reduced the number of va l id species . He ma i n ta i ned as di s ti nct however , L . curaca vi ens is

(Mul ler) of the New World , which he separa ted from L . mac tans i n part on the ba si s of the
hourg la ss mark be i ng d i 11erent i n form . Nearly a l l later workers genera l ly a ssumed that the
spi der which i s most common ly ca l led the “black widow represented a s i ng le , but h igh ly
variable ,

species , L. mactans ,
and the l i st of i ts synonyms i s long (see Petrunkevi tch, 19 1 1 ;

Roewer, 1942; Bonnet , Thus much of the avai lable i n format ion on l i fe h i story ,
variat ion , and so forth , reported for th i s lat ter species was con taminated , ” be i ng ap

p l icable ,
i n part , to the now recogn ized related species .

Levi ( 1958 , 1959) not on ly ma i n ta i ned L. curaca viens is but con sidered that i t was the
species which i s wide ly d i stri buted over the northern and western Un i ted S ta tes and
Canada , with L. mactans i n the southern S ta tes . Levi a l so di scussed the hourg lass mark
and genera l pattern of spot s , and especia l ly noted i n s tances where both species were
complete ly devoid of such mark ings . I n 1964 , with McCrone , he showed that the “brown
widow , L. g eometr icus C . L . Koch , and the “

red widow ,

”

L . b ishop i Ka ston , appear to be
l im i ted to southern Florida . A l so , of the two species of black widow , L . mactans i s more
common in southern , and another species more common i n the northern S tates and
Canadian Provi nces . The species which he had previous ly ident ified as the West I nd ian L .

curaca viens is ,
was i n rea l i ty L. var io las . The di stri but ion of L. mactans and L . va r io las

overlaps , and a l though i n my previous work ( 1937a , 1937b , 1938 , 1948 , 1953 , 1954) I had
used on ly the name L. mac tans ,

i t i s k nown tha t both specie s occur i n the southern New
Eng land area , with L. var io las the more common of the two .

McCrone and Levi publ i shed some notes on the l i fe hi story of the Florida popu lat ions
of L . mactans and L. var io las ,

which are sympatr ic there . They indicated that the same two
species a l so occur i n Ca l i forn ia and other western S tates . Short l y afterwards I began my
observat ions on the post-embryonic deve lopment of our Ca l i forn ia black widow . At the

same t ime 1 was a l so observi ng the deve lopment of a fami ly of L. mac tans from Flor ida . I n
noti ng the d i f1erences , particularly i n the appearance of the spiderl ings, I a ssumed tha t my
Ca l i forn ia specimens , which did not look l ike the Florida L . mactans ,

must be L . var io lus .

But I found certa i n di screpancies between my resu l t s and those reported for L. var io las by
McCrone and Levi . I n addi tion , there appeared to be some morpho log ica l di 11 erences from
those specimens of L . va r io las which Dr . McCrone was k ind enough to have sent me from
Florida , and from those specimens col lected by me years ago i n Connecticut . A s add i t iona l
materia l became ava i lable i t became apparen t that ne i ther L. mactans nor L. va r io las
occurs i n the west , and tha t yet another species , L . hesp erus ,

i s represented (Kaston ,
I t i s my primary a im to compare the bio logy of th i s western species wi th that of the true L.
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mactans ,
but some compari son s are made with L . var io las as we l l .

Each of these species i s variable so tha t i f one sees enough spec imens one encounters
the variation s noted by Parrott ( 1946) wi th the ctenid , U l iodon p isca tor ,

and by Mul ler
( 1952) with the age lenid , Coelo tes a tropos . These variations can be morpho log ica l , both
exophenotypic and endophenotypic , as we l l as etho log ica l . And at t imes they over lap with
the characters shown by one or both of the other two spec ie s , so that even wi th a specimen
i n hand one may not be certa i n to which species i t be long s .
Whi le most of the i n formation presented i s ba sed upon stud ies s i nce 1965 , some da ta

were co l lected i n Georg ia , i n North Caro l i na,
and i n Connect icut over many years previous

to 1964 .

MATER IALS AND METHODS
Specimens were co l lected from various area s , the majori ty from Ca l i forn ia and hence

most ly L . hesp erus . But many l i ve spec imens of L . mac tans were sen t from ea stern and
southern S tates by coopera t i ve workers . Li kewi se, a re lat i ve ly sma l l number of L . var io las

were obta i ned . For the most part ma ture fema les were rece i ved , but a number of ma les ,
and some ha l f grown ind ividua l s , were l i kewise obta i ned .

From the egg sacs produced by these fema le spi ders I set out for L . hesp erus 29fami lies (ca . 2600 spiderlings); 18 from Ca l i forn ia ,
four from Texas , four from Bri t i sh

Co lumbia , and one each from Arizona , Oregon , and Baja Ca l i forn ia ; for L . mactans 37

fam i l ie s (ca . 2800 sp ider l ings) : n i ne from New York , four each from V i rg i n i a and

Arkansa s , three each from Florida and I l l i noi s , two each from M i s souri , New Jersey ,
North Caro l i na and Oh io, and one each from A labama , Lou i s iana , M i s si s s ippi , Ok lahoma
and Tennessee ; and for L . var iolus 12 fami l ie s (ca . 900 spiderlings) seven from M i s sour i ,
three from M ichigan , and one each from Arkansas and Flori da . I rece i ved the L . var io las
ma ter ia l la te i n my study , and unfortunate ly

,
because of factors as yet not understood , I

had l i tt le success i n reari ng these lat ter spiderl ings to ma turi ty . Li ve specimens were a l so
rece i ved from the fo l lowing area s : A l berta ,

Georg ia ,
Kan sa s , Wash i ng ton and West

V irg i n ia .

Many of the mature specimen s were used i n studies on the chemica l nature of the

hemo lymph (as i n McCrone
, many of the ma les were sacrificed before ma turi ty for

s tud ies on the ch romo some s . The resu l t s of bo t h t he se s tud ie s are be i ng pub l i s hed
e l sewhere .

I n the laboratory each spider was placed i n i ts own g la s s conta i ner . When egg sacs
were made they were removed and each p laced i n a via l and g i ven a code number . Thus the
first sac made by fema le # 1052 was # 1052-A , the second was # 1052-B, the th ird was
# 1052-C ,

etc . Tho se u sed for the s tudy of deve lopmen t a nd/ or for the rear i ng of

spider lings were kept i n a constan t temperature room at 25 ° C .

When the spiderlings emerged , each was p laced i n i t s own labe l led via l , and g i ven i t s
own number, e .g . , # 1052-A- 1 , # 1052-A-2

,
etc . When the sp ider l i ng became larger i t was

transferred to a larger conta i ner . The conta i ners were stoppered wi th po lyurethane foam .

A l l specimen s were checked and da ta taken da i ly . A fter the sp iders matured they were
removed from the constan t tempera ture room and kept i n one of the laboratories at room
temperature .

I n the earl y years of th i s study the spider lings were fed entire ly on frui t fl ies,
Drosophi la melanogas ter . A l though some ma les ma tured (in the fourth and fi fth i n stars),
the fema les d id not . Apparent ly nutri t iona l deficiency was i nvo l ved , poss i bly an insuffi cient
supp ly of one of the essen tia l amino acid s . Comparable fi nd i ng s were la ter reported by
M iya shi ta ( 1968) i n h i s at tempts to ra i se specimens of Ly cosa .

However, when o lder
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Figure 1 . a, Female La trodectus in the normal pos i t ion hang ing in her web ; b , La trodectus mat ing pos i t ion; thefemale i s represented in outl ine and the male i s blackened ; c, the venom glands as seen from above in relat ion to
the ent ire cephalothorax ; d , the left venom g land wi th i ts duct , and left chel icera .

spiderlings, as we l l as the adul t s , were fed on mea lworms , Tenebr io mol i tor ,
and other

i n sect s that could be obta i ned outdoors , chicfly blue bott le and other musco id flies, many
reached maturi ty .

DESCR IPTION OF ADULTS
The genus La trodectus Walckenaer, 1805, i s cosmopo l i tan . I t compr i ses med ium

sized spiders , which are the largest members of the Fami ly Theri d i idae , those sp iders
beari ng a comb of serrated bri st les a long the ventra l surface of tarsus IV . Thi s comb i s we l l
deve loped , and qui te con spicuous i n La trodectus . The latera l eyes of each side are widely
separated , genera l ly a di
leg s are moderate ly Ion
shortest . I n fema les the
venom g lands are large
Ma les are much sma l ler than fema les , have re lat i ve ly longer leg s ,
lower and narrower, so tha t i t appears somewhat e l l ipso ida l . Ma

more bright ly co lored . The webs made by these spiders are irregul
spi der stands i n an i nverted pos i t ion (Fig . 1a) . Three species occur i
qui te variable i n mark i ng s and co lor pa ttern . The descr ipt ions
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Figure 2. La trodec tus mac lons . a , dorsal aspect of female from Flor ida ; b , ventral aspect of same female ; c,

epigynum of same female from below ; (1, dorsal aspect of ma le from Flor ida ; e,
ventral aspect of same spec imen;

1, latera l aspect orma le from Loui s iana ; g , dor sa l aspect of cleared epigynum of female from New York .

black , or the carapace may show a somewhat l ighter band on e i ther s ide of a med ian b lack
band . The legs may be a l l b lack (Fig . 5c), or have l igh ter annu l i (Fig . 4c) reta i ned from
earl ier i n stars . There i s a median row of red spot s on the dorsum of the abdomen . 0 n the
ven ter the hourg la s s mark i s d i st inct . Enci rc l i ng the anterior end of the abdomen i s a whi te
band , and on ei ther s ide farther back are two addi t iona l wh i te bands which extend
diagona l ly down and to the rear . Seen from the side th i s g i ves the appearance of three
whi te band s (Fig . In L. hesp erus there are a l so three whi te bands as seen from the s ide,
but the anterior one i s a lways hooked and procurved near i ts ventra l end , whi le th i s i s
uncommon in L . mactans . A l so , i n L. hesp erus the background co lor i s much l ighter . I n L.

var io las the ground co lor i s as dark as i n L . mactans ,
and there are four bands vi s ib le a long

the side .

La trodectus var io las Wa lckenaer

Figs . 4b , 5a , 6a-1, 7 , l 4a , b , f

La l rodec tus var io/us Wa lckenaer, 18 37 , H i s t . Nat . Insectes Apteres,
La l rodec tus mac lons: Emer ton, 1902, Common Sp iders of the Uni ted S ta tes, (in par t) fig . 29 15 ; Kaston, 1948Connect icut Geol . Nat . H i s t . Surv . Bull . (for the most par t ) .
La trodectus curaca viens is: Lev i , 1959 , Trans Amer ican Microsc0 p . Soc . , (in part ).
La trodectus var io lus : McCrone and Lev i , 1964 , Psyche
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Figure 3 . Ventral aspect of abdomens of L. mactans females to show variat ion in the shape of the hourglassmark , and in the epigyna l orifice . a, from Arkansas ; b , from New York ; c , From New York ; d , from Tennessee ; e,from Nor th Carol ina ; 1, from V i rg inia ; g , from New York ; h, from New York .
Wh i le mo s t worker s seem to con s ider t h i s spec ie s d i s t i nc t from L . mac tans ,

Gerschman and Schiape lli ( 1965) conti nue to p lace L . curaca viens is (and presumab ly a l so
L. var iolus) as a synonym of L . mactans .

Thi s species occurs i n the Un i ted S tates i n about the same areas as L . mactans ,
but

apparen t ly i s much less common . However, i t s range extend s i n to more northern sta tes and
adjacen t Canad ian prov i nces where L. mactans presumab ly does not occur .

I l lustrat ion s of th i s specie s have been publ i shed recent ly by Judd ( 1965) and Wi lson
The fema le has the cepha lothorax b lack , and the leg s are s im i lar, usua l ly wi thout

fai n t ly brown annu l i . There i s a row of middorsa l red spots on the abdomen . I n add i t ion ,
there are three pa irs 0 1 diagona l wh i te stripes on each side , and a narrow whi te stripe
encirc l i ng the front of the dorsum . I n some specimen s these stripe s are ye l lowi sh to
pi nk i sh . The hourg la ss mark i s d ivided , the two ha lves separated . There i s much variation
i n the shape and the size of the two ha l ves (Fig . occas iona l specimen s showing on ly one
of the ha l ves , and occas iona l specimen s lack i ng the mark en tire ly (Kaston , The

ma le has the cepha lothorax and leg s b lack as i n the fema le , but the leg s are more l ike ly to
show the brown annul i . The dorsum shows a pattern s im i lar to that of the fema le , but with
the whi te stripes genera l ly broader . From the s ide four such stripes are vi s i ble (Fig . 61)
mak ing th i s sex re lat ive ly ea sy to di sti ngui sh from the ma le s of L . hesp erus and L .

mactans ,
which have on ly three l ight stripes . The hourg las s mark i s d iv ided .

La trodec tus hesp erus Chamberl i n and I vie
Fig s . 5b , 8 , 9,

10,
1 1 , 13e ,

f
,
h

La trodectus mac lons hesperus Chamber l in and l v ie , 1935, Bull . Uni v . U tah B iol . Ser . 3 [types from
Salt Lake C i ty , U tah

La trodec lus mactans lexanus Chamberl in and l v ie, 1935, Bull . Uni v . U tah B iol . Ser . [type s fromTexas ].
La trodectus mactans: Gerschman and Schiape lli , 1943 , in , Sampayo La trodectus mac tans y Latrodect ismo (i h

par t) fig . 7.

La trodectus curacaviens is : Lev i , 1959, Trans . Amer ican Microscop . Soc . (in par t).
La trodectus variolus: Lev i , 1969, Psyche



Figure 4 . a , L. mac tans fema lshowing dorsal e from M i s sour i showing vent ralspot s ; C. L. mactans ma le showing annula te leg s .

VOL . 11

sur face ; b , L. var iolas fema le from Connect icut
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Thi s i s the on ly species of black widow found west of about the middle of Texas ,
Ok lahoma , and Kansa s to the Canadian prov i nces . Levi has recorded both L . mactans and

L. variolas (sub curaca viens is) from the west but , based especia l ly upon the appearance of
ma les and spiderlings, I am unable to a scri be to e i ther of these two species any b lack
widows I have seen from the areas i nd icated .

The figure 7 supp l ied by Gerschman and Schiapel li i s an exact copy of an i l lustra t ion
from D

’

Amour et a l . ( 1936) which i s of a ma le from Co lorado and qu i te defini te ly L .

hesp erus . O
’

Rourke ( 1956) i nd icated tha t wha t he had seen from western Canadian
provi nces be longed to L . hesp erus . But Levi ( 1969) s ynonymized th i s species wi th L .

var iolus , presumab ly on the ba s i s of the fact that the ma le pa lpa l organ shows two loops of
the embo lus .

The fema le has the cepha lothorax and legs b lack . I n most specimen s the dorsum of

the abdomen i s l ikewi se en tire ly b lack . I n on ly a few i s there left a remnan t of the
middorsa l stripe as a sma l l red spot just above the ana l tuberc le . A l so,

there may be , on the
anterior port ion of the abdomen , which overhang s the carapace, a remnan t of the l igh t
tran sverse band , as a k i nd of chevron ” po i n t i ng downward . Occas iona l ly th i s “chevron ”
i s doub led , composed of two closely set th i n l i nes (as i n Fig .

Ordi nari ly the hourg lass mark i s complete , wi th a narrow connect i ng piece between
the two triangular ha l ves , and usua l ly the base of the an terior triang le i s wider than the
base of the posterior triang le . Sometimes there i s a spot of b lack i n the cen ter of the

connect i ng piece , or the mark i s d i vided in to two part s . There i s much varia t ion , some of

the varie ties be i ng shown in figure 9 . Rare ly i s the m idd le part broad , and very rarely i s the
poster ior ha l f wider than the an terior .

I n the variety texanus the dorsum reta i n s more of the whi te and red , with a centra l
band , and latera l bands much l ike juveni les in the six th i n star (Fig . 8c). Often the whi te
area s become suf1used with b lack pigment so that o lder fema les wi l l show on ly the red

spot s surrounded by black . I have th i s vari ety not on ly from Texa s , but a l so from severa l
loca l i t ies i n Ca l i forn ia . I n terest ing ly enough , both th i s and the more typ ica l var iety
sometimes were taken i n the same p lace at the same time .

The ma le has on the carapace a dark gray to b lack band a long the latera l marg i n s , and
a dark band a long the m idd le . The sternum i s dark a long the latera l borders , but l igh ter i n
t he midd le . The legs show dark annu l i . The hourg la s s mark i s not much con stricted i n the
midd le and i s usua l ly ye l low rather than red ,

some specimens showing a s l igh t suffus i ng of
orange p igment .

The abdom i na l dorsum shows a charac ter i s t ic pa t tern of o l i ve g ree n i s h gray
a l ternat i ng wi th l igh t tan bands (Fig . 8e ,

One of the l igh t areas appears as a middorsa l
band usua l ly wi th orange pigment as a th i n l i ne down i t s cen ter . The other l igh t area s
appear as three bands on each side , which extend a long the sides d iagona l ly down and

toward the rear . The most anterior of these i s hooked and procurved nears i ts ventra l end
(Fig . 8g) . The ma le of L . mactans a l so shows three bands a long the s ide but on ly rare ly i s
the fi rst one hooked and procurved . I n L . var io las there are four bands . Moreover, i n both
L. mactans and L . var io las the area s be tween these l igh t bands are much darker than i n L .

hesp erus . I n the var iety texanus the gray area s , i n stead of bei ng suf1used wi th ol i ve-green
pigmen t are suf1used with pi nk .

COLOR VAR IAT IONS
One common variat ion concern s the background black character i st ic of most adu l t s ,

especia l ly the fema les . That the abdomen i s i n some i ndi vidua l s browni sh or sepia i n co lor,
rather than b lack

,
was reported by Burt ( 1935) for Kansa s specimen s that were probably L .
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Fi
gu
re 5 . a , L.

var io las ma le ; b , L. hesp erus male ; c, L. mactans ma le , with legs devoid of annul i .
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Figure 6 . La trodectus var iolas . a , female from Flor ida , dor sal aspect ; b , ventral aspect of same female; c, femalefrom M ich igan, dorsa l aspect of abdomen; d , female from Connect icut, dorsal aspect ; e , ventral aspect of samefemale ; 1, lateral aspect ofma le; g, dorsal aspect of penult imate male .

mactans; by Herms et a l . ( 1935) for Ca l i fornia specimen s that were defini te ly L . hesp erus ;by M i n ton ( 1950) for I nd iana specimens tha t were probably L . var io las; and by Wi l son
( 1967) for M ichigan specimens of the same species . A s I poi n ted out ( 1968) for a l l three
species , the same specimen can at t imes appear b lack , and at other t imes sepia or even
l igh ter brown . Some specimens revert to black over a period of severa l months . My notes
i nd icate that 1 1 1 specimen s of L . hesp erus turned from black to brown , and 27 turnedb lack aga i n ; twen ty-n ine specimens of L . mac tans turned brown , and 9 turned b lack aga i n ;
and 8 spec imens of L . var io las turned brown . I have co l lected both b lack i ndividua l s and
brown ones of L . hesp erus at Brawley , Ca l i forn ia , with i n a few feet of one another, where
the eco log ica l s i tua tions were seem ing ly simi lar . I n one backyard lot the ra tio of brown
specimens to b lack co l lected was 9 : 1 .

A variat ion about wh ich much has been wri t ten i s the shape of the hourg la ss mark ,
and for each spec ies a few examp les from mature fema les are i l lustrated (Fig s . 3 , 7 and
Sometimes the mark d i sappears from a specimen wh ich former ly showed i t we l l ; but i t
may a l so return s lowly at a later date .

Pattern varia t ions formed by the red and white mark s on the dorsum , have a l so been
noted . I t i s genera l ly considered that more of a dorsa l pa ttern , and that larger areas of red
and whi te , reflect the re tention in the adul t of a more juven i le pa ttern . Reese ( 1940)
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Figure 7 . Vent ra l aspect of abdomens of L: var iolas females to show var ia t ions in the shape of epignya l orifice,

and of hourglass mark . a, from Arkansas ; b , from M i ssouri ; c , from M ich igan; d ,
from M i s souri ; e ,

fromM i ssouri ; 1, from M ich igan; g, from M ich igan; h, from l llinois.

i l lus tra ted some variat ions i n shape of hourg lass mark and the arrangement of dorsa l
spots . However, he may have i nc luded some juveni les, and cou ld have con fused L. var iolas

and L. mac tans ,
both of which occur i n West V irg i n ia . Lev i ( 1959) suggested that Reese’s

sma l ler ones were L. var io las ,
and h i s larger ones L . mactans . I n my experience , however,

L . var iolas averages larger i n s ize than L . mactans . Thorn ( 1967) gave a brief di scuss ion of
the varia tion i n wha t i s undoubted ly L . hesp erus .

With so much variat ion occurri ng i n the adu l t fema le s , the three species at t imes are
di 111cult to d i sti ngui sh . But as Keegan ( 1955) has i nd ica ted “juven i le specimen s pos sess
d i sti ncti ve mark ing s even when i nd i vidua l adul t s are a l i ke . I t was on the ba s i s of these
di f1erences (between Kansas and M ichigan juven i les) that Lawson ( 1933) first sugge sted
that we were dea l i ng wi th another species beside s L . mactans . Th i s other species has s i nce
come to be known as L. va r iolas . From what i s now k nown of the appearance of the

sp iderlings i t seems obvious that the descriptions of Herms et a l . D
’

Amour et a l

Mo les Bri stowe ( 1945 , 1946) and Gonza les ( 1954) app ly to L . hesp erus ,

those of Lawson B la ir Muma ( 1944) and Deevey ( 1949) app ly to L.

mac tans; those of Kaston (1937b) to L . var io las .

MEASUREMENTS
The vernacu lar name black widow ”

a l ludes to the common ly he ld suppos i t ion tha t
the fema le a lways eats the ma le after mat i ng . Thi s idea i s streng thened by the fact that
there i s a great d i f1 erence in size between the two sexes . 0 ne often finds i n the l i terature
remark s about the fema le be i ng twice, or even three t imes as large as the ma le . 0 1 course ,

such statements are misleading , for they refer to the length of the body , as i n the case of a
m a le 4 mm long and a fema le 12 mm in leng th . But the fema le has th icker leg s , and a much
higher, g lobose abdomen , so that her mass may be m any times more than three t imes that
of the ma le . Most ma les ofL . hesp erus we igh be tween 8 and 18mg ; most fema les between 120
and 400 mg . One sma l l ma le

, # 1052-C-203 wi th a body leng th of mm we ighed mg ,

and a large gravid fema le , 1528 , whose body leng th was mm
,
we ighed mg , or
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among ma les of Nephi la inaura ta (Wa lckenaer) reared from the same egg sac by Derouet
and Dresco

A l though there i s much varia t ion , for fema les the first leg i s proportiona te ly longest i n
L. var io las ,

shortest i n L . mac tans ,
and i n termediate i n L. hesp erus . I n ma les there i s very

l i t tle di f1 erence between L . hesp erus and L. var io lus ,
both of which have the first leg

averag i ng s l igh tly longer than i n L . mac tans .

Bes ides d i f1erences i n the length of the leg s , there are d i st i nct d i 11 erences i n th ick nes s .
Aga i n , i t has not been pos sib le to corre la te th i s wi th species , though i n genera l i t seem s that
the first leg i s s l immer i n L. mactans fema les than i n the two other species . However, i n two
fema les of L . hesp erus co l lected at Ramona , Ca l i forn ia ,

not more than 50 feet apart , one
had a t ibia l i ndex for leg I of and the other, of Exact ly the same sort of find ing
has been noted for two fema les of L. mactans co l lected together i n New York . Thi s k i nd of
variat ion in specimens from the same loca l i ty was a l so observed by Smithers ( 1944) i n L.

ind is t inctus .

With some spiders there i s a direct corre lat ion between width of the carapace and

stage of growth i nstar) . A s i nd icated above there i s a tremendous variation i n s ize i n
La trodectus even at the time of emergence from the egg sac . Newly emerged spiderlings of
L. mactans usua l ly range i n leng th. from to mm

,
wi th some up to mm ; those of

L. hesp erus from to mm ; and those of L. var io las from to mm , but

somet imes down to wi th the extremes even from the same egg sac . Furthermore , as

reported by Shulov ( 1940) for L. tredecimgut ta tus ,
many spiderl ings mol ted from the first

to the second in star without havi ng been fed , often wi th i n a day or two after emergence ; no
growth can be measured . A fter mea suri ng many spiderlings, and i n severa l fami l ies , I had
to conc lude , as had M iyash i ta ( 1968) for Lycosa ,

tha t the width of the carapace cou ld not
be used for a scerta i n ing the i n star .

EP IGYNUM
The epigynum appears externa l ly as a h igh ly arched , heavi ly sc lerotized structure

which bulges ven tra l ly , and has a transverse ly e l l ipt ica l Openi ng (Fig . 2c) . There i s much
varia tion i n the exact shape and re la t i ve length of the open i ng . I n some specimen s the
anterior l ip i s deve loped

'

into a cari na , with or without a sma l l med ian poi n ted process
po i n ti ng toward the rear (Figs . 3 , 7 and A l though not eas i ly seen i n the i n tact specimen ,
there i s , on the dorsa l wa l l of the atrium an open ing on each side , leadi ng. i n to connect i ng
duct s , the so-ca l led bursae copulatrices . Examina tion of the c leared epigynum from the

dorsa l s ide shows tha t each bursa copulatrix i s ra ther l ight ly sc lerotized and twi nes around
the heavi ly sclerot ized , dark ly pigmented sperma theca of i t s s ide . The spermathecae are

dumb-bel l shaped and l ie wi th the i r axes mak ing an ang le of about 45 degrees to each other
and their posterior rounded port ion s separated by a d i stance about ha lf the diame ter of one
of them .

The shape of the atria l open i ng , and the de ta i l s of structure vary a l i t t le , but the genera l
appearance i s the same i n a ll three species . Levi ( 1966) i nd ica ted tha t there was much
variat ion i n h i s ma teria l from I srae l , and from the studies of Luca s and Bti cherl ( 1965) one
would expect some varia tion even in si sters .

l n L. mac tans the connecti ng duct s have four out side co i l s (Fig . 2g), whi le i n L.

va r io las (Fig . 141) and L . hesp erus (Fig . 1 1 1) there are on ly three . Th i s make s the epigynum
of L. mac lons appear wider than tha t of the other two spec ies . Common ly the Sperma
thecae and/or the connect i ng ducts wi l l con ta i n one or more embo l ic fragments le ft behi ndby the ma le after mat i ng (Figs . 2g ,

1 l g , 1 1h) .

A ccord i ng to Bha t naga r and Rempe l who s tud ied the s t ructure o f the
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Figure 9 . Ventral aspect of abdomens of L. hesperus females to show varia t ions in the shape of the epigyna l

orifi ce, and of the hourg lass mark . a , from Texas ; b , from Bri t i sh Columb ia ; c, from Wash ing ton; d ,
from

Cal i fornia ; e, from Cal i fornia ; 1, from Cal i fornia ; g , from Ca l i fornia ; h, from Bri t i sh Columbia .

epigynum of L . hesp erus ,
the open i ng s of the duct s i n to the spermathecae lie on the

midd le portion of the spermathecae on the lat ter’s outer la tera l marg i n .

I n specimen s one mol t short of maturi ty the area where the ep igynum wi l l later show
appears much arched . Thus i t i s pos s i b le to recogn ize one i n the penul t ima te i n star . I n the
antepenul t imate i n star the area i s usua l ly somewhat l ighter than those surround ing areas ,
but defini te recogni tion of fema les i n th i s s tage i s not ea sy .

PALPAL ORGAN
A l though Levi ( 1959) great ly reduced the number of spec ie s of La trodectus , part ly on

the bas i s of simi lari ty of pa lpa l structure , he later ( 1966) admi tted tha t the morpho logy of
the pa lpa l organ may be the same in two or more species . He accepted for North America
on ly three species : L. mactans ,

i n wh ich the embo lus shows three co i l s , L . g eometr icus ,
i n

which i t shows four, and L. curaca viens is ,
i n wh ich i t shows two . I n 1964,

wi th McCrone ,

he acknowledged that the true L. curacaviens is d id not occur i n North America , and that
there were two addi t iona l species i n wh ich the embo lus had two coi l s . These are L . b ishop i ,

of south Florida , and L. var iolas ,
which i s wide ly d i stri buted over the Un i ted S tates .

Aba los and Baez (1967) and Pi n ter ( 1968) appear to have demonstra ted tha t there are at

least three addi t iona l spec ies i n the “
mactans group and one addi t iona l i n the “

curaca

viens is group . I consider L. hesp erus a good species i n the latter group , though some
spec imens show tra i ts tha t wou ld lead to i t s p lacement i n the former group . Th i s cou ld
accoun t for Levi ’s d i stri bution l i s ts showing both L . mac lons and L. var io lus i n the western
S ta tes , where i n my opi n ion ne i ther one occurs .
I n a l l three species there i s a long spira l ly co i led embo lus (Fig s . 1 1a , b ,

c , 12a , b , 14a

b). The orig i n of the embo lus from the radix i s broad , and shows a th ick curved tooth .

There fo l lows the heav i ly pigmented trunk of the embo lus on the outs ide of the co i l ,
para l le led by the membranous pars pendula on the i n s ide of the co i l . Near the di sta l end of
the embolus i s a blunt tooth mark ing the proxima l art icu lation of the ap ica l scler i te . A fter
copu lat ion the embo lus break s at th i s po i n t , and t he apica l sc leri te can be found lyi ng



SAN D I EGO SOC I ETY OF NATURAL H ISTORY VOL . 16

Figure 10 . La trodectus hesp erus . a , female from Cal i fornia showing anter ior chevron mark s on abdomen,
from

the s ide ; b , same female, showing chevron marks from above and front .
wi th i n the parts of the fema le geni ta l ia (Fig s . 2g , 1 1g , h) . Th i s phenomenon , which in
recen t years has been shown to occur i n other spiders too,

was accord ing to Gerhardt
( 1928) first descri bed for La trodec tus i n 1902 by Dah l . I t was later noted by Smithers

Aba los and Baez ( 1963 , Gerschman and Schiape ll i W iehle ( 1967)
and Bhatnager and Rempe l The latter’s work i nc luded de ta i led studies on the

structure of the pa lpa l organ and fema le gen ita l ia . The ir specimen s had come from
Kamloops , Bri ti sh Co lumbia , and from my own observation s on abundant ma teria l from
that very same loca l i ty i t i s qui te certa i n that they were work i ng not wi th L . curaca viens is
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Figure 1 1 . La trod
'

ectus hesp erus . a , apical aspect of the palpal organ of the type male from U tah ; b , the same , for

a ma le from Ar i zona ; c,
same palp, ectal a spect ; d ,

d i s tal end of ped ipalp of a male in the preantepenult imateinstar ; e, the same from a male in the antepenul t imate ; f, dor sa l aspect of a cleared epigynum of a v i rg in fema lefrom Oregon; g , the same,
from a Cal i fornia female that had mated , showing an embol ic scler i te left beh ind in

each of the spermathecae ; h, the same ,
from another Ca l i fornia female showing th ree embol ic scler i tes, ind icat ingthat i t had mated wi th at leas t two males .

as stated , nor wi th L . var io las as impl ied i n McCrone and Lev i but wi th L .

hesp erus .

I n the resti ng pos i t ion , the di sta l end of the embo lus usua l ly l ies aga i n st the conductor,
but extends somewha t beyond i t . Adj acen t to the conductor i s the heavier termina l
apophysi s , and just prox imad of th i s i s the sick le- shaped median apophys i s . The di sta l
border of the latter i s provided wi th a socket i n to which fits a heavi ly sclerot ized tooth
borne near the di sta l end of the cymbium (Fig . 13a) . Smithers descr i bed th i s tooth as two
lobed i n L. ind is t inc tus and L . g eometr icus ,

and i nd icated tha t these two species d i 11ered
wi th respect to the s ize and shape of the two lobes . Levi ( 1959) referred to thi s cymb ia l
tooth as a paracymb ia l hook ” and i l lustrated i t for L . mac tans ,

as we l l as for other
specie s . I t would seem tha t h i s usage of the term i s i l l -chosen , for the term paracymbium i s
a lready i n use for a structure ari s i ng from the basa l port ion of the cymbium . I n my studies
on our three species 1 have found th i s tooth to be s i ng le- lobed

,
as i l lustrated by Bhat nagar

and Rempe l Th a t Lev i i l lus tra te s the too th as two- lobed i nd ica te s a m i s
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Figure 12. La trodec tus mactans . a , apica l aspect of palpal organ of a male from Flor ida ; b , ectal aspect of same
palp ; c, di stal end of ped ipalp of a mature female ; (1, d i stal end of ped ipa lp of an antepenult imate male ; e , d i stal
end of a ped ipalp of a penult imate male ; 1, dor sal aspect of a penul t ima te male from Florida ; g , vent ral aspect ofsame male .

i n terpreta tion . The tooth i s strong ly sclerotized and pigmented , and from the poi n t of i t s
a ttachment at the edge of the cymbium the latter shows the same degree of sc lerotiza t ion
and pigmentat ion . Thi s may g i ve the impress ion of a two- lobed proces s (Fig . l 3a). But i f
one views the structure from the apicomesa l (Fig . 13b), the mesa] (Fig . 13c) or the ecta l
a spect (Fig . 13d ) i t s s ing le nature can be seen .

Levi found , tha t to some extent at least , the character of the embo lus cou ld be used to
separa te species . In L . var io las i t i s wider than , and about three-fourth s as long as, i n L .

mac tans ,
and i t makes two coi l s i n L . var io las ,

but th ree i n L . mac tans . Moreover, I noted
tha t the coi l s are tighter and less open i n L . var io las than i n L . mactans .

I n the type ma le of L . hesp erus the embo lus (Fig . 1 1a) shows two coi l s (as i n the
curaca viens is group though i t appears longer than i n L. var io las ,

as the coi l s are more
Open . However, the co i l s are t igh ter and les s open than i n L . mactans . But there i s much
variat ion among the many specimen s of L . hesp erus that have been stud ied . I n fact I have
seen many specimens that could not be identifi ed on the bas i s of co i l morpho logy . For

example , figure 13h represents the pa lpa l organ of a L . hesp erus specimen from Los

Ange les , Ca l i forn ia , and figure 13k the same of a L . mac tans specimen from Rut ledge ,

Georg ia . Note the s im i lari ty between figure 13g o f a Ga i nesv i l le ,
Flori da specimen of L.

mac tans ,
and fi gure 13e of an El Centro , Ca l i forn ia specimen of L. hesp erus . Adding to the

con fus ion i s the fact tha t the basa l portion of the embolus somet imes extends from its
orig i n towards the d i sta l end of the pa lp, some times toward s the basa l , or the mesa l , or the
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Figure 13 . a , cymbium of ped ipalp of a New York specimen of L. mac tans; b, cymb ia l book as seen from the
apicomesa l aspect ; c, the same , mesal aspect ; d , the same, ectal aspect ; e , embolus of L. hesp erus male # 1002-A
5 1 from El Cent ro, Cal i fornia ; 1, the same, of a l i t ter-mate , # 1002-A-48 ; g , the same, of L. mac lons male # 1005
B-39 from Flor ida ; h, the same, of L. hesp erus male from Los Angeles , Cal i fornia ; 1, the same, of L. mactansmale # 1005-C-29 from Flor ida ; j , the same , of L. mactans male # 1005-B-49 from Flor ida ; k, the same, of L.

mactans from Georg ia .

ecta l s ides ; and Levi ’s i l lustra t ions l i kewi se show these variation s . The problem becomes
one of decid ing where to make the co i l count , s i nce , of course,

i t i s not a mat ter of

concentr ic circles , but of a spira l . Even two brothers may look qu i te d i 11erent , and have
been mi staken ly con sidered as be long i ng to d i 11 erent species , e .g . , L . hesp erus # 1002

-A-48

(Fig . 1 3 1) and # 1002-A-5 1 (Fig . 1 3e) . Obvious l y , t here fore ,
one mus t expec t some

specimens of L . hesp erus to show an apparent three co i led cond i t ion . The same IS

somet imes noted wi th brothers of L . mactans ,
e .g . , # 1005-B-39 (Fig . 13g) and # 1005-B—49

(Fig . 13j ) . Note the s im i lari ty between the latter and figure 1 3 1 of the L . hesp erus spec imen .

A l so note the simi lari ty be tween the former and the L . hesp erus figure 13e . Many other
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variat ions occur, and the fi gure l 3 i shows another L . mac tans ,
brother of the previous two .

Lev i ’s ( 1959) spec imen from Co lorado (undoubted ly L . hesp erus ) i l lustrated i n hi s
figure 58 and labe l led L. mactans by h im appears a lmost identica l wi th my L . hesp erusfrom Los Ange les , figure 13h . S im i larly , i n h i s figures 40 through 47, representi ng L .

g eometr icus ,
some appear to show the four co i lscharacteri st ic of that species and others

show on ly three . Li kewi se ,
h i s fi gure 6 1 of a Peruvian L. mac tans i s a lmost ident ica l wi th

h i s figure 47 of a L . g eome tr icus from South A frica ; both show three coi l s over part of the
c i rcumference , and four over part .

It would seem tha t the number of co i l s of the embolus cannot be used a lone as a

cha racter for separa t i ng the species . Y et i n e11 ect th i s i s presumably wha t Levi has done ,

and because he has found i n U tah (and other western S ta tes and Prov i nce s) both three
coi led and two-co i led specimen s he natura l ly supposed tha t he had both L . mac tans and

L . curaca viens is [ actua l ly L . var io las both of which are found i n U tah , ” and that
Chamberl i n and I vie fa i led to d i st ingui sh them . A s has been previous ly i nd ica ted , I be l ieve
that our western b lack widow i s L . hesp erus ,

and further tha t the variety texanus i s a
variety of L . hesp erus ,

and not of L. mac tans i n the strict sen se .

In near ly a l l araneomorph spiders the ma le can be recognized i n the penul t ima te
i nstar, because the pa lpa l tarsus appears bu l bous then (fi g . 12e). Because the pa lpa l organ
i n La trodec tus i s re lat i ve ly large , i t s deve lopmen t beg i n s even before the penul t imate
i n star . Hence the pa lpa l tarsus i s s l ight ly swo l len i n the an tepenul t ima te i n star (Fig . 12d) so
tha t i t i s poss ib le a l so at th i s stage to recognize a ma le . The swe l l i ng may be noticed even i n
the prean tepenul t imate i n star (Fig . 12c) as suggested by Bha tnagar and Rempe l but

I have not found th i s a constan t character . 0 n the other hand I have noted a number of

i n stances i n which there are three (not just two) i n stars precedi ng the penu l t imate one ,
i n

which a s l igh t en largement of the pa lpa l tarsus g i ves an i ndica t ion tha t the specimen i s a
ma le . 1 have a l so noticed that the degree of swe l l i ng i s not the same for a l l i nd i vidua l s i n the
preantepenul t imate or antepenul t ima te i n stars . There are i nd icat ion s that some expansion
occurs duri ng an i n star i t se l f.

INTERNAL MALE GEN ITALIA
Chromosomes were studied in the ce l l d i v i sion s tak i ng place i n the testes . The deta i led

descript ion of me iosi s and of the i nd i vidua l chromosomes i s bei ng reserved for a separate
publ ica tion e l sewhere by Barbara Ka ston . Suffice i t to say tha t i n a l l three species she has
found tha t the sex chromosome s i tua t ion i s of the X 1 X20 type ,

so that i n the fema le the
d iploid condi t ion shows two chromosome s more than 1n the ma le .

The di ssect ion of the testes was carried out by submerg i ng the fresh ly severed
abdomen i n frog Ri nger’s so lution and pi n n ing i t ven ter down in a wax-bot tomed d i sh . A
cut was made a long the middorsa l l i ne and the dorsa l exoske leton removed . U sua l ly the
heart rema i ned adherent to the exoske le ton , and the testes became vi si b le as two tubes on ly
s l ight ly k i nked , and arched (Fig . l 9o) to more or les s conform to the curve of the dorsum .

The testes are loose ly a ttached to each other by short bands of connect i ve t i ssue and at the

posterior end are at tached i n the reg ion of the spi nnere ts by a longer l igament . At the
anterior end of each test i s i s a ductus deferens

,
which ex tend s forward , then downward and

backward , jo i n i ng i t s mate just before the gonopore at the midd le of the epigastric furrow .

I t shou ld be noted tha t a l though M i l lot ( 1949) descr i bed the testes of sp iders as ly i ng i n
the ventra l ha l f of the abdomen , and be low the chy lenteron , and h i s fi gure 454 shows th i s
for S cy todes thoracica ,

i n La trodec tus the testes for most of the ir leng th l ie fa irly c lose to
the heart i n amongst the chy lenteric ceca . Whi le not as short and stra ight as g i ven by
Bertkau ( 1875) for Teg enar ia domes t ica ,

they are not as long nor as convo luted as i n the
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COURTSH IP AND MAT ING
I n nature ,

ma t i ng most often -occurs i n the la te spri ng and early summer, but i n mi ld
cl imates , such as a long the Pacific coast and i n our southern sta tes ma ti ng pa irs may a l so
be seen i n la te summer and early fa l l as we l l .

The courtsh ip and mati ng behav ior for L. hesp erus was reported by Herms et al .

( 1935) and D
’

Amour et a l . and for L . b z
’

shOp i by McCrone and Levi I t i s
essen tia l ly s im i lar to that descri bed by Gerhardt ( 1928) for L . tredec imgu t ta tus , by Shulov
( 1940) for that species and and for L. ind is t inctus by Smithers

Presumably , before the ma le beg i n s h i s search for the fema le , and courtsh ip i s to
beg i n , the ma le wi l l charge h i s pa lpa l organ s wi th semen . I have not observed th i s process
of Sperm induction . Herms et a l . ( 1935) reported that they had seen i t , but gave no deta i l s .

The leng th of the courtsh ip pre l im inaries varie s , but genera l ly i s shorter with young
fema les than wi th o lder ones . For these observa t ion s the fema le was a l lowed to establ i sh
herse l f for at least a week in a large g las s cage . The ma le was i n troduced at the upper

corner farthest from the fema le .

A lmost immediate ly upon be i ng put i n to the fema le 3 cage the ma le shows sign s tha t
he i s aware of the fema le’

5 proxim i ty . The abdomen i s vi brated rapid ly , and wi th jerky
movements of the leg s the ma le wanders about , every once i n a whi le twang i ng the threads
as he progresse s . Even tua l ly he heads i n the direct ion of the fema le . Withi n 10 or 15

minutes he beg in s a new maneuver, which consi st s of cutti ng portions of the fema le’s web .

He con t i nues t h i s cut t i ng as he approache s her , so t ha t the s i l k i s ga t hered up i n
concentra ted bands and sheets , i n stead of appeari ng spread out as be fore . Somet imes the
fem a le charges a t h im , whereupon he hast i ly retreats . A fter a short rest wi th hi s abdomen
not twi tch ing ,

he once more approaches her . Th i s charg i ng and retrea t i ng may be repeated
severa l t imes , but i f i t conti nues and the fema le becomes v io len t i n her rush i ng , the ma le
may rema i n at a di stance and eventua l ly d i sconti nue hi s court sh ip .

I f the fema le i s not too aggress i ve he may hnd him se l f wi th i n touchi ng di stance of her
wi th i n 30 minutes (Fig . With h i s fron t leg s he stroke s and taps her leg s , and then her
body . Th i s contact heightens h i s exci temen t so tha t h i s abdomen twi tches more rap id ly . I f
the fema le does not k ick h im away she too may beg i n to engage i n leg strok i ng act i v i ty .

The ma le then wa lk s over and around the fema le jerk i ly , at the same t ime surroundi ng her
wi th si lken threads . Th i s “brida l ve i l , ” which I have seen used by crab spiders and others ,
was observed for La trodectus by Gerhardt , and by Smithers , as we l l as by Herms et a l . , but
was apparent ly not observed by McCrone and Levi . A s Smithers i nd icated , the threads are
too fi ne to hi nder her when she later decides to break loose , but serve to remind her that
“
her partner i s i n a t tendance .

Sooner or later i n h i s wanderi ng s over her body , with hi s ped ipa lps con stant ly tappi ng
her , he loca tes the epigyna l area . Some time may be spent “box ing ” th i s area , apparent ly
i n an attempt to hook into the openi ng . Fina l ly , after havi ng been i n the fema le’s web about
100 to 140 minutes , he assumes the copu la tory posi tion , pos i t ion 1 1 1 of Gerhardt , i n wh ich
both sexes face the same way , venter to ven ter (Fig . 1b) .

Somet imes the right pa lp i s used fi rst , and somet ime s the left . When the pa lp i s
hooked in to posi tion , the embo lus i s i n serted and the hematodocha d i stended , then
defla ted , i ndicat i ng tha t semen i s be i ng tran sferred . I nsertion s may la st from one to 32

minutes , but most often from 4 to 8 . Sometimes the fema le strugg les out of her bonds after
on ly a few minutes , too short a time for the ma le to have i n serted more than one pa lp . She

may now turn upon him aggress i ve ly , so tha t he i s forced to retreat .
Often the ma le wi l l try aga i n by goi ng through the same ri tua l of cutti ng web l i nes ,
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Figure 15 . Courtsh ip pa irs . 3 , L. hesp erus ; b , L. mactans .

twang i ng threads , and vibrati ng the abdomen .

I f the fema le rema i n s st i l l after the first pa lp i s wi thdrawn , the ma le wi l l i n sert the
other pa lp . Th i s occurred i n about one third of the mat i ng s observed . I t i s we l l k nown that
when the fema le frees herse l f from the brida l ve i l ” the ma le may be i n danger . I f she i s
hungry she may k i l l and eat h im . With we l l fed fema les th i s i s not l i ke ly to happen , and I
have on severa l occa sion s left the ma le i n the cage with her . I n the course of time , two

weeks or more , the ma le dies un touched by the fema le .

Upon wi thdrawa l of the embo lus the d i sta l sc leri te i s left behind i n the gen ita l ia of the

fema le . Depend ing upon whether one or both pa lps have been used , there wi l l be one or two
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scleri tes (Figs . 2g , 1 1g ) . But somet imes one epigynum wi l l show three sc leri tes (Fig . 1 1h)
i nd icat i ng that the fem a le had ma ted wi th at least two ma les .

0 1 5 1 attempt s wi th L . hesp erus , where court sh ip was carried out , there were 12

succe ssfu l cases of insem ina t ion . 0 1 13 a ttempts wi th L . mac tans ,
5 were succes sful , and of

8 attempts wi th L . var iolas 5 ended succes sful ly . The behavior appeared the same i n a l l
three species . When in seminat ion d id not occur, i t was usua l ly because the fema le repu l sed
her partner before the act cou ld be completed .

I tried to i nduce interspec ific crosses between L . var io las and L . mactans (4 at tempt s)
and between L . var io las and L . hesp erus ( 18 a t tempts) none of which termina ted i n an

i n semina t ion . Three 0 1 27 attempts be tween L . mac tans and L. hesp erus were successful
but there was no deve lopment of eggs la id by the se fema les .

CONSTRUCT ION OF THE EGG SACS
Whereas the egg sacs of the three species vary somewhat i n s ize ,

shape , and co lor, they
a l l appear to be of tough papery texture , usua l ly on ly s l igh t ly trans lucen t . I n th i s respect
they are sim i lar to the sac of L . b ishop i , but qui te d i f1erent from tha t of L . g eometr icus ,

which i s non-

papery and qui te trans lucent . Sacs made by vi rg i n fema les may be abnorma l
(Ka ston , The sacs of L . hesp erus and L. var io las are pear

-shaped (Fig . 14g), and

often somewha t spread at the top , about 13 or 14 mm in he igh t and about 10 or 12 mm in
d iameter . Those of L . hesp erus are most often creamy ye l low to l ight tan, those of L .

var io las l ight tan with most often a t i nge of gray . The sacs of L . mactans a lmost a lways
show the gray ti nge and often are qui te decided ly gray , even when fresh ly made . A l so, they
are more nearly spherica l , about 1 1 or 12 mm in diameter , and with a conspicuous n ipp le
at the top (Fig . 14h) .

At t imes the sacs do not show the typica l co lor . McCrone and Lev i ( 1964) i nd icated
tha t sacs of L . b z

‘

shOp i d i 11 er from those of L . mactans i n hav i ng a soft tex ture and be i ng
whi te i n co lor . But the sacs of L . b ishop i I have seen are just as papery as those of L .

mac tans and are l ight tan . The sacs of L . geome tr icus are studded wi th conspicuous pom
pon s , whereas the other species make sacs wi thout these surface features . But Aba los
( 1962) and Aba los and Baez ( 1967) i nd ica te tha t apparent ly there i s a species i n Argenti na
(the i r La trodectus No . 2) which does have pom-

pons on the surface , a l be i t they are sma l ler
and less con spicuous than those of L. g eometr icus . Li kewi se , occas iona l sacs made by L.

var io las appear to have very sm a l l , irregu lar ly d i stri buted , whi t i sh pom-

pons showi ng up
aga i n st the gray surface . Th i s has been observed wi th specimen s from Arkan sas , M ichigan
and M i s souri .
Nearly a l l of the hund reds of egg sacs made i n the laboratory were made duri ng the

n igh t . However, of those made i n dayl ight four of L. hesp erus were begun after noon , and
27 before noon ; five of L . mactans were made i n the morn i ng and one i n the afternoon ; and
for L. var io las four were made before noon . The behavior i s about the same i n a l l three
spec ie s , and the construct ion may be conven ient ly d ivided i n to four steps .

The egg sac i s begun wi th the layi ng down in step I of the canopy , a sma l l circular
sheet , which i s gradua l ly en larged so tha t i t s d iameter i s about that of the completed sac .

A s the spider finishes the periphery of the di sc she a l so s lowly pu l l s i t i n to the shape of a

sha l low cone with a s l ight peak . The durat ion of step I averages about 23 minutes .
Proceeding to step 11 the sp ider stands under the canopy and extrudes the ma s s of egg s .

Th i s i s done wi th rapid upward jerks 0 1 the abdomen at the ra te of about 100 to 120 t imes
per minute . The jerk ing expe l s the egg s and co l le teria l fluid which cements them together,
and a l so pushes the egg s h igher toward the canopy . Thi s step averages about 1 1 minutes .

The fema le nex t beg i n s spi nn i ng a transparen t layer of gauzy si l k around and under
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Figure 16 . Egg sacs of L. hesperus from Cal i fornia . a, sac opened to show egg s shor t ly a fter ov iposi ton; b ,

embryos ready to ha tch ; c, adul t fly paras i tes , Pseudogaurax s igna ta ,
on egg sac; d , maggot s and puparia of

Psuedogaurax in amongst spiderlings.

the egg ma ss , and about 5 or 6 mm from i t . She work s from the canopy downward and

fini shes at the bottom where the egg ma s s usua l ly soon comes to l ie (Fig . 2 1b) . The egg

mass i tse l f comes to occupy one-ha l f to two- th irds the vo lume of the sac . Thi s step I I I
averages about 25 minutes .

The fina l act ion , i n step IV ,
consi st s of coveri ng the sac with tough , more or less

opaque papery si lk , and averages about 100 minutes . Duri ng the first 10 to 15 minutes of
t h i s period the spider wa l k s around over the sac

,
drawing out si lk wi th her h ind leg s and

tappi ng wi th her spi nnerets at the ra te of 60 t imes per minute . La ter, the h i nd legs are no
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longer used , but rather, the s i lk i s app l ied direct ly each time the spi nneret s touch the sac ,

now a t the rate of about 120 t imes per minute . S i nce the abdomen i s brough t up to the sac a
d i stance of severa l m i l l imeters i t i s th i s leng th of thread which i s app l ied each time a tap i s
made . The ra te of tappi ng may ri se to 150 and even 200 times per minute (in one ca se to
240) as the work conti nues . At i n terva l s she turns the sac about . Duri ng the final 30

minutes or so she stops for severa l brief rest s .
The sac i s ordinari ly suspended in the snare (Fig . 2 1a), i n or near the retrea t i f one i s

bui l t . Somet imes egg s are la id wi thout any sac wha tever . They are mere ly dropped to the
bottom of the cage . Rare ly th i s behavior i s d i sp layed by impregnated fema les ; more
usua l ly by virg i n s .

NUMBER OF EGG SACS AND FECUNDITY
The i n terva l be tween copu la t ion and the produc t ion o f the first egg sac var ie s

cons iderably . Whi le Aba los and Baez ( 1967) found thi s i nterva l to be 7 days for L.

geometr icus ,
and M i l ler ( 1947) found i t to be 6 1 days for L . hesp erus ,

the period noted by
D

’

Amour et a l . for th i s latter species was over a year . My own records show for L .

hesp erus that the shortest t ime was 7 and the longest was 305 days ; for L . mactans 16 and

22 days ; and for L . var io las 14 and 27 days respect i vely .

B lack widow fema les are capab le of mak i ng many egg sacs . The highes t number
reported i s 29 for L . g eome tr i cus by Bou i l lon ( 1957a) . Accord i ng to Burt
I l l i ngworth reported 15 for L. mactans; n i ne i s the maximum reported for L . ind is t inctus

by Smithers for L. hesp erus by Chamber l i n and I v ie and for L. curaca

viens z
’

s by Bucherl and e ight for L . tredecimgut ta tus by Juberthie My own
observations i nd icate up to 6 for L . var io las ,

10 for L. mac tans ,
and 2 1 for L . hesp erus .

S i nce I had re la ti ve ly few spec imen s of L . var io las ,
and had them for a re lat i ve ly short

t ime , I cannot be sure of the significance of the figure for tha t specie s . But there were a

suffi c ient number of specimen s of L. mac tans ,
and they were ma i n ta i ned for a suflficient ly

long time so tha t i t may be safe ly sa id tha t “there are fewer egg sacs made by th i s spec ie s
than by L. hesp erus . However , they lay more egg s per sac on the average , the mean for 185
sacs be i ng 255 egg s , whi le for L. hesp erus the mean 0 1 464 sacs was 196 egg s .
A max imum of 576 1 egg s la id by a s i ng le fema le of L . geometr icus was reported by

Boui l lon ( 1957a) . For L . mactans I found tha t the grea test producti vi ty was 2 132 eggs i n
the ni ne sacs made by 122 1 . The largest number of eggs per sac was 9 19 , fol lowed by 530,

435 , and on ly a few sacs wi th over 300 . The most common range was 2 15 to 237 . There was
one sac with a s ing le egg , and five others wi th fewer than 100 . For L . hesp erus the large stnumber of egg s per sac was 598 , and the same fema le produced a sac with 527 . The next
h ighest was 427, and very few sacs had over 300 . Common ly the range was 160 to 225 .

There was one sac with a s i ng le egg , and five others wi th fewer than 10 egg s each . The

grea tes t product i vi ty was 3024 eggs for the 12 sacs m ade by 1002 . The larges t number of
egg s la id in one sac by L. var io las was 3 15, and the mean for 34 sacs was 164 egg s .
Baerg ( 1945, 1959) reported L . mactans fema le s produci ng four to n i ne sacs wi th the

l argest number of eggs i n the early ones , and fewer i n the la ter ones , the last one or two

often be i ng empty . I d id not find th i s to be the case . The number varied from one sac to the

next , somet imes sma l ler, and other times larger .

Boui l lon and Lek ie ( 196 1 ) noted that i n L . geometr icus egg s were la id a t i n terva l s of
Four days for the first few sacs , but the i nterva l s became progres s i ve ly longer . 0 n the other
hand 1 found tha t the i n terva l s be tween successi ve sacs varied wide ly . The shortest period
for L. hesp erus was six days be tween the e ighth and n i n th sacs made by #2 130 ; the longest
was 3 32 days between the second and th ird sacs made by # 1069 . For L . mac tans the
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shortest i n terva l was six days between the second and th ird sacs of # 1 147 ; the longes t was
190 days between the first and second sacs of # 1 192 . For L. var io las the shortest was 13
day s be tween the second and th ird sacs of 1376

,
and the longe st was 1 13 days between the

th ird and fourth sacs of the same sp ider . No trend for e i ther i ncrea si ng or decrea s i ng thei n terva l can be seen from the data , and as can be seen from table 1 the coeffi cient of

variabi l i ty i nd icates wide variat ion i n the spaci ng of sacs .

Table 1 . Interva l between o vipos i t ions .

Number Interva l ; in days
Mean Variat ion

17-86 i

Non-V i rg in 13- 1 14 4:

Non-V i rg in

Non-V i rg in

Natura l ly one cou ld hard ly expect that a ll the egg s la i d wou ld actua l ly deve lop . Very
few sacs showed a deve lopmen t of 100% of the egg s . However, it wou ld be reasonable to
expect that those sacs produced ear ly i n a series wou ld show a h igher percentage of fert i l i ty
than tho se made later . Somet imes the fi rst five to seven sacs from a s i ng le fema le showed a
fert i l i ty percen tage of 98 or 99 . Though one wou ld expect tha t later sacs m ight show an

i ncreas i ng ly lower fert i l i ty th i s d id not fo l low i n any regu lar manner . For examp le , for L .

hesp erus #2 130 the first five sacs showed over 90% deve lopment from each . From the

s ixth sac on ly 30% of the egg s deve loped , yet the nex t six sacs averaged a deve lopmen t of
over 90% aga i n"The 13 th (and fi na l) sac had 78 of the egg s deve loped . There were many
other i n stances where a sac wou ld show no deve lopmen t wha tsoever, then la ter sacs show a

fa ir ly h igh percen t of fert i l i ty . I cou ld hnd no pat tern of increasing or decreas i ng fert i l i ty .

U sua l ly , when a large number of egg s i s la id and on ly a few deve lop, the spiderlings do

not emerge from the sac . There are except ion s , an outs tandi ng one be i ng the case of egg sac
# 1050—B, of L . hesp erus ,

where of the 208 egg s la i d on ly one deve loped , but the spi der l i ng
emerged .

A Connecticut specimen , presumab ly of L . var io las ,
mature when co l lected on 10

Apri l 1949, produced an egg sac on 17 June 1950 from which spi derl ings emerged . S i nce
the fema le had not been mated i n the laboratory at leas t 434 days had e lapsed from the

t ime of mat i ng to the t ime of fert i l i zat ion . Th i s longevi ty of sperm ce l l s , which i s
considerably greater than that of the ma le spider that made them ,

i s exceeded i n two
i n stances by L . hesp erus . One # 1053 , co l lected a lready mature on 6 December 1965

produced her fourteenth egg sac on 4 February 1967 ,
from which spi derl ings emerged .

Thus the sperm ce l l s rema i ned viab le for at least 455 days . A l so , 1202, co l lected a lready
mature on 12 December 1966 produced her fourteenth sac on 24 Apri l 1968 . 0 1 the 170

eggs la id , 36 deve loped i nto spiderlings, i ndica ti ng tha t sperms had l i ved a t lea st 499 days
after i n seminat ion . Actua l ly the correct fi gure i s nearer 600 days , for th i s fema le at the

t ime of co l lect ion a lready had fi ve egg sacs i n her web .
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DEVELOPMENT WITH IN THE EGG SAC

I n a ll three species the egg s may be occas iona l ly lavender-p i nk or mauve . However,
most often they are creamy whi te to ye l low ,

and somet imes orange . The same sac may

conta i n egg s of more than one co lor but the further deve lopmen t bears no re lat ion to the
co lor . The egg s are spherica l , or a lmost so ; those of L . mactans average about mm in
diameter ; of L . hesp erus about mm , and of L . var io las about mm i n diameter .

To obta i n data on pre
-emergence deve lopmen t many sacs were opened (Fig . 16a)

wi th i n a day of ovipos i t ion . These sacs were p laced i n v ia l s of which the p lugs were kept
moi stened to protect the egg s from tota l drying . Withi n a day of ovipos i t ion the egg s dried
sufli cient ly to 1 0 11 around free ly . I f dropped on a hard surface they wou ld bounce and ro l l ,
seem ing ly wi thout i njury .

A l though Baerg ( 1945) reported hatchi ng i n L . mactans after on ly 8 days , i n my
experience the hatch ing t ime for a l l three spec ies was nearer two week s . The average time
i n days was 4.

for L . var io lus ,
for L. mactans ,

and : 1: for L .

hesp erus . About a day or so before ha tch ing the membranous surface of the egg becomes
wri nk led , and one can see the out l i nes of the cepha lothorax and appendages as bu lges (Fig .

16b) . The newly hatched spi derlings are en tire ly unpigmented , without eyes or ha irs , and
they move feebly . With i n a day after hatch ing the first s ign of p igmentation appears as a
ri ng at the periphery of each an terior median eye . The s ix i nd irect eyes beg i n to deve lop
the ir p igment a day or so later . A l so , about th i s t ime ,

fine b lack ha irs beg i n to show up on

the dorsum and leg s . I n addi t ion , the legs show a s l igh t ye l lowing . Tha t the spiderlings
undergo the ir fi rst mol t i n s ide the sac was first reported by Rau ( 1924) and th i s occurs
about three or four days after ha tch ing .

Dur i ng the nex t five to seven days , p igment i s gradua l ly deposi ted i n the characteri st ic
pattern . A l so,

the spi n nerets deve lop to the po i n t where they can function , so tha t by the
end of th i s period the spider l i ng beg i n s to sp i n si lk as i t crawls about among i t s fe l lows i n
the sac . Twen ty to 23 days after oviposi t ion the youngsters appear ready to emerge from
the sac . However,the actua l emergence does not usua l ly take p lace for another few days ,
duri ng which time there i s somewhat more p igmen t deposi ted i n the pat tern . The average
time, i n days , from ov ipos i tion to emergence was for L . var io las ,

for

L. mac tans ,
and : 1: for L . hesp erus .

EMERGENCE
An emergence hole i s v i s ib le about a day or so be fore the spiderlings actua l ly emerge .

The ho le i s made by cutti ng with the che l icerae, and poss i b ly a l so by dige st i ng away the s i l k
by regurg i ta ted proteo ly tic enzymes . At least I have seen wha t appears to be a mo i s tened
area on the si lk as the chel icerae are worked around en larg i ng the ho le . Ordi nari ly a s i ng le
ho le i s cut a l lowing escape of the spiderl ings . Thi s ho le, about 1 mm in d iameter, may be

made by one spiderl i ng , or by two work ing together . A few sacs have been found wi th two
ex i t ho les , and rare ly wi th three .

If
, after the escape of one or more spiderlings, the exi t ho le i s now covered over or

plugged wi th g lue , a new ho le wi l l be made by the rema i n i ng spiderlings . Even a th ird ho le
wi l l be made i f the second i s p lugged . 0 n the other hand some sacs rema i ned unopened ,
and the spiderl ings were la ter found dead i n the sac

,
e .g . , # 1374-B of L. var io las from

M ich igan , # 1380-B of L . mactans from M i ssouri , and # 14 15-A of L . hesp erus from
Texa s . I n a few sacs spi derl ings did not emerge but neverthe les s grew and mo l ted , i n one
case to wi th i n one i n star of maturi ty (Ka ston , I n another sac, of L . mactans from
I l l i noi s # 1283-B, there was no emergence s ix month s after the egg s were la id . I n the sac
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nouri shmen t duri ng th i s time. At any rate , those spiderl ings which were not fed duri ng the
first i n star, and yet mo l ted , changed very l i t t le .

S ti l l another type of varia t ion i s geograph ic . Thi s had been recen tly demon strated for
Peruv ian specimens of L. mac lons ,

by Mcc rone and Levi and i t had been noted by
others as we l l . Smithers ( 1944) encoun tered i t i n h i s studies on L . ind is t inctus i n South
A frica , and I have seen many examp les of i t i n our three species from a l l over the U n i ted
S tates .

To some exten t the appearance of the adul t i s corre lated wi th the i n star i n wh ich the
indi vidua l ma tured . Those matur i ng i n later i n stars may be darker than those maturi ng i n
earl ier . However, th i s i s not abso lute, and I have found tha t many specimens maturi ng i n
the s ix th , seventh , and eighth i n stars cannot be to ld apart . McCrone and Levi ( 1964)
reported no t i ng a s tr i k i ng corre la t ion be tween to ta l leng t h of the sp i der and t he
co lora tion of d i 11erent forms , the sma l ler be i ng brigh t ly co lored , the largest ones dark .

”

Thi s corre lat ion seems high , but i t i s not perfect . A l so, sma l ler specimen s can be lack i ng i n
red mark ing s as much as larger specimens .

La trodectus mactans

F IRST INSTAR (Figs . 173 , b) . The carapace i s most ly ye l lowi sh suf1used wi th gray , wi th
black around the eyes , and with black marg i na l and median stripes . The sternum i s ye l low
with a very th i n marg i na l b lack stripe . The leg s are ye l lowi sh orange , at most on ly very
fa i n t ly annulate wi th dusky

,
but usua l ly somewhat grayer toward the di sta l ends of the

tars i
The abdomen i s orange-red , with a pa ir of an terior whi te band s , often joi ned acros s

the fron t as a si ng le chevron ” mark , a med ian whi te band , and two pa irs of diagona l whi te
bands extendi ng latera l ly . The med ian band may be d ivided i nto two,

three , or four spot s ,
by encroachments

, at i n terva l s , of the orange-red ground co lor . I n many spec imen s the
whi te latera l bands are bordered a long the poster ior edges by a l i ne of black pigmen t .
There may a l so be th i n black l i nes a long the s ides of the med ian l ight band . But many i n
the same brood of spi derl ings show no black at a l l i n th i s stage .

There i s a conspicuous b lack spot coveri ng the sp i n nerets and ana l tuberc le . Many
specimen s a lready show an i nd icat ion of an hourg la s s mark , but wi th others the redd i sh
orange pigmen t seems even ly d i stri buted over the ven ter and s ides .
SECOND INSTAR (Fig s . 17C, The genera l impression i s tha t there has been a marked
change from the first i n star, with much black p igmen t depos i ted . 0 n the carapace the dark
marg i na l bands are broader, and even the l igh t areas are suf1used wi th gray . The sternum
likewi se i s darker . 0 n the legs the annul i are now d i st i nct . Leg I has the femur wi th the
basa l ha l f dark , and the d i sta l ha l f l ight , except for a sma l l dark r i ng at the apex ; the
pate l la i s suffused wi th gray ; the tib ia has a dark ri ng at each end , and one jus t about at i t s
midd le ; the meta tarsus and tarsus are without dark annul i . Leg I I has the femur ye l low ,

except for a sma l l dark ri ng at the apex ; the pate l la has a fa i n t i nd icat ion of a dark ri ng
di sta l ly ; the rema i n i ng segmen ts are l i ke those on leg I . Leg 1 1 1 has the femur wi th a dark
ri ng at the apex , and a dark ri ng at each end of the t ib ia ; otherwi se i t i s l i ke leg I . Leg IV
has the femur with a dark area occupyi ng the midd le ha l f of the prolateral surface , then a
ri ng at the apex ; the pate l la has a di sta l dark r i ng ; and the rema i n i ng segments are l i ke
those on leg 1 .

0 n the dorsum black bands a l ternate on each side wi th creamy whi te area s (Fig . 17c) .
There i s a lmost a lways a l ight median spot , fol lowed by a l ight med ian band , which
however, may be broken in to spots . I n some specimens the se whi te areas have a l i t t le
orange pigmen t i n the i r cen ters . The ven ter p la i n ly shows the hourg la ss mark , which i s
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Figure 17 . Pos tembryonic development stages of L. mactans . a , first ins tar, dorsal aspect ; b , the same, ventral
aspect ; c,

second ins tar , dor sal aspect ; d , the same, ventral aspect ; e , th i rd instar , dorsal aspect ; f, the same ,

ventral aspect ; g ,
four th instar, dor sal aspect ; h, the same, ventra l aspect ; i , fifth ins tar, dorsal aspect ; j , the same ,

ventral aspect ; k , s i x th ins tar , dorsal aspect .
much more con stricted i n the midd le than wi th L . hesp erus .

TH IRD INSTAR (Fig s . 17e , The gray area s are now larger on the carapace as we l l as
on the sternum , where the l ight area i s reduced to a median narrow stripe . The leg s are
much darker, though annu l i are sti l l v i s ib le . The most not iceable change i s on the

abdomen , where the black area s are much larger, wi th the consequent decrease i n s i ze of

the l igh t areas . Th i s i s part icu lar ly noticeab le i n the mid-dorsa l stripe , which i s now broken
up i n to more spots . The hourg lass mark i s more d i sti nct , and i s bordered wi th black . I n
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some i nd i vidua l s i t i s qu i te red , i n others i t i s a lmost wh i te .

There i s a great dea l of variat ion . Some ind ividua l s look much l i ke those i n the second
i n star, and others l ike those i n the fourth . The degree of b lacknes s varies wide ly . Some
have the whi te areas qui te restricted ; some show on ly black and whi te , but no red on the

dorsum ; others show on ly black and red ,
with no whi te on the dorsum .

FOURTH lNSTAR (Fig s . 17g , h) . — The carapace i s darker . The mid l i ne stripe on the
sternum i s narrower . The leg s have changed l i tt le , but the dark area s are a bi t more
exten si ve . The abdomina l dorsum shows the l igh t area s st i l l further reduced i n si ze . 0 1

t hose specimens wi th whi te , ra ther than red ,
spot s, most show orange p igmen t i n the

centers of these whi te spots . A s i n the precedi ng i n star there i s considerab le var iat ion ,
many spec imens look i ng l i ke th ird and many l i ke fifth i n star i nd i vidua l s . Many ma le s show
by the en largement of the pa lpa l tarsus that they are i n the penul t imate i n star .

FIFTH INSTAR (Fig s . 17i , j) .

—There i s re la ti ve ly l i tt le change from the previous stage ,

wi th a con ti nuat ion of the overa l l darken ing , as the b lack p igment spreads . The leg s are
st i l l banded . 0 n the dorsum the whi te diagona l band s are th i nner and shorter, and often the
th ird (or most posterior) pa ir i s absent .
S IXTH INSTAR (Fig . 17k) . — The carapace i s qu i te black . The leg s are a lmost al l b lack ,
wi th the former l ight areas be i ng dark brown . However , some specimens may show the

annul i s l ight ly . 0 n the dorsum the whi te d iagona l band s are very much reduced ; the fi rst as
a sma l l chevron mark , and the second as a fa i n t remnan t . Sometimes the chevron i s
represented as a pa ir of red spots . The spot s of the median row are now brigh t red . I n many
specimens the spot s tend to di sappear from an terior to posterior so that i n some there
rema i n s on ly the most poster ior spot just above the ana l tuberc le . Some of the fema les
mature i n th i s i n star .

S EVENTH , E IGHTH AND NINTH INSTARS . Most fema les mature i n these i n stars . There
i s usua l ly on ly a remnan t of the chevron mark at the fron t of the dorsum . The diagona l
l ight bands have di sappeared entire ly , or are at mos t on ly very fa i n t , so that the on ly spot s
rema i n i ng are the red ones of the median row, and even these may be reduced to just one
above the ana l tubercle . The hourg lass

'

mark usua l ly con si s t s of an anterior tr iang le and a

narrower posterior rectang le wi th rounded corners .
La trodectus hesp erus

F IRST lNSTAR (Fig s . 18a , b) . The ground color of the carapace i s dusky grayi sh ye l low .

However, the eye reg ion i s b lack , and there are three black long i tudi na l stripes . One of

these extend s from the median eyes to the rear ; the other two are a long the latera l marg i n s .
The sternum has simi lar marg i na l bands , but i s o therwi se dusky ye l low . The legs have thesame ground co lor as the carapace . Leg I I I i s much less p igmen ted than the others , and i s
dark on ly at the d i sta l end of the tarsus . The other leg s show a dark ri ng at the di sta l ends
of femur, pate l la , t i bia , meta tarsus and tarsus , as we l l as a r i ng at the prox ima l end and

midd le of the t i bia .

The ground co lor of theabdomen i s creamy whi te ,
some specimens showing a l ight tan

to o l i ve-green hue toward the sides . There are two rows of black spots extending a long thedorsum , four to six spots i n each row . Between these two rows many specimens show two
rows of very narrow l inea te b lack spots , sometimes on ly on the anterior ha l f. 0 n the

ven tra l s ide one can see two black spot s on e i ther s ide of the spi n nerets . Between the
epigastric furrow and the base of the spi n nerets i s a more or les s rectangu lar ye l low area

where the hourg la ss mark wi l l appear i n later i n stars . At thi s stage i t i s bare ly pi nched in at
the middle .
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Figure 18 . Postembryonic developmental stages of L. hesp erus . a, first ins tar , dorsal a spect ; b, the same , ventral
aspect ; c , second instar , dor sal a spect ; d , the same , ventral aspect ; e , th ird ins tar , dorsal aspect ; f, the same,

ventral aspect ; g , fourth instar , dorsal aspect ; h, the same, ventral aspect ; i , fifth ins tar, ventral aspect .

SECOND INSTAR (Fig s . 18C,
— The dark l i nes on the carapace have become a trifle

wider and the leg s a bi t darker, with leg I I I beg i nn i ng to show annu l i l i ke the others . The

greatest amoun t of change i s on the abdomina l dorsum where there i s a su11using of gray
pigmen t on the sides of the dorsum that extend s down latera l ly . I n some specimen s the
black spots are larger than they were i n the previous i n star , but i n others they have become
i ncorpora ted into two fa i n t ly di scern ib le o l i ve bands . A sim i larly co lored band beg i n s to
appear encirc l i ng the dorsum up fron t .
TH I RD INSTAR (Figs . 18e ,

— 0 n the carapace the marg i na l dark bands have widened .

The marg i na l dark bands of the sternum have become wider than the median ye l low area .
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Figure 19 . Postembryonic developmental stages of L. hesp erus . a , s i x th ins tar female, dor sal aspect of a darkspec imen from El Centro, Cal i fornia ; b , the same specimen, ventral aspect ; c, s i x th ins tar female, dorsal aspect of
a l ight specimen from Ri vers ide, Cal i fornia; d , fifth instar female, dor sal aspect ; e , fourth instar, penult imatemale, dorsal aspect ; f, the same, ventral aspect .
The dorsum now di st i nct ly shows the pa ir of long i tud i na l bands , o l i ve gray , one on e i ther
side of the mid l i ne , with a branch on each s ide from the anterior end and another such
branch from just beh i nd the midd le . Each of these branches extends d iagona l ly back to the
side . The anterior encirc l i ng band i s now more pronounced , so that from the side one now

sees these bands extending down ob l ique ly to the rear . Bes ides these there i s the band
ex tend ing stra igh t back , c loser to , and para l le l to , the mid l i ne . Thus there are three l igh t
areas on each side , as we l l as the median one . I n many spec imens a l i t t le orange p igmen t
beg i n s to form a long the cen ter of th i s median one . There are sti l l remnan ts of the orig i na l
b lack spot s , though these are now blended i n wi th the o l i ve gray bands . I n the texanus
varie ty these latter bands are often pi n k . 0 n the ven ter the two black spots on e i ther si de of
the spi nnerets are qui te consp icuous . The hourg la ss mark now shows ti nges of orange , and
to each side of i t a black l i ne has deve loped .

FOURTH INSTAR (Fig s . 18g ,
h) . — There i s a l ight variety , members of which are hardly

d i s t i ngu i s hab le from the th i rd i n s tar . O ften m a le s are recog n i zab le now as i n t he
penu l t ima te i n star (see be low) and they are usua l ly of the l igh t variety (Fig s . 19e ,

For

the dark variety one notes that on the sternum and carapace the areas covered by the b lack
bands have en larged , and the median band of the carapace has widened behi nd .

The abdomina l dorsum now shows the pa ttern of bands much more d i sti nct , wi th
more gray mixed i n wi th the o l i ve and usua l l y wi th somewhat more orange pigmen t a long
the mid l ine . I n some specimens the l igh t areas between the band s show some orange
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p igment , and the bands are brownish gray . The hourg lass mark shows a l i tt le more orange
p igmen t a long i ts m idd le .

Some ma les mature i n th i s i n star .

F I FTH INSTAR (Figs . 181, 19d). The carapace i s not much d i 11erent from tha t i n the
fourth i nstar , though the sternum shows the l igh t cen tra l area sti l l further reduced . The leg s
st i l l show some of the an nu l i fa i n t ly , but they are get ti ng darker, and on the t ib iae the
cen tra l and di sta l r i ng s have come toge ther to form one large r i ng . 0 n the abdomina l
dorsum the dark bands are wider , so tha t now the median l ight stripe i s narrower than they
are . For the dorsum as a who le there i s a much larger

"surface covered by the gray band s
than by the l ight areas . The gray areas are out l i ned i n b lack . A row of orange spots now
appears i n the med ian l ight stripe . The orange p igmen t i n the hourg la ss mark i s deeper i n
the fron t and back ha l ves , wi th hard ly any i n the cen tra l port ion .

Some ma les ma ture i n th i s i n star ; and those ma turi ng la ter seem nevertheles s to reta i n
the mark i ng s of th i s fi fth i n star . They hard ly change a l though a few seem to get a l i t t le
darker . I have examined many specimens that matured i n th i s , i n the s ix th , and i n the
seven th i n stars , and con trary to “

ideas I former ly he ld I was unable to note any significant

d i 11erences i n the ir appearance .

S IXTH INSTAR (Figs . 19a , b , c). The darker specimen s show more pigment on the
carapace and have the dark area s more extens ive than previous ly . There rema i n s on the
s ternum on ly a narrow cen tra l l ight band . 0 n the leg s the dark areas have i ncrea sed in si ze .

The abdomina l dorsum is most ly covered wi th dark p igmen t now , wi th the on ly l igh t
area s reduced to a basa l transverse band , a row of spots a long the mid l i ne , and two pa irs of
diagona l stripes extendi ng down the s ides to the rear . These lat ter are the areas that had
previous ly been wide ,

between the dark area s that had previous ly been narrow . Each of the
l ight spots a long the mid l i ne encloses a redd i sh spot . The hourg la s s mark i s becoming more
constr icted at the midd le and has more red p igmen t .

Some i nd ividua l s , showing a more or les s sim i lar arrangemen t of Spots , have the

pigmented area s l igh ter . A l so ,
the l ight d iagona l bands extend farther down on the s ides ,

and the dorsa l spots are more orange than red .

SEVENTH , 1510 11 1 11 AND NINTH INSTARS .

—Most fema les ma ture i n these i n stars . Whi le
I had previous ly supposed tha t those matur i ng i n the later i n stars wou ld show more of the
black pigment , and sma l ler areas of l igh t pigment a compari son of many specimen s
revea led that (as was the ca se wi th the mature ma les) there i s no significant dif1erence i n
the ir appearance . A fema le ma turi ng i n the seven th i n star may look qu i te s im i lar to one

matur i ng i n the ni n th . Thi s , of course , does not preclude the poss i bi l i ty of changes
occurri ng duri ng the in star . Some ma les ma ture i n the s ix th and seven th i n stars , and i n
genera l they resemble a fema le i n the fi fth or s ix th , of the l igh t varie ty . Some ma les are
darker . The leg s. reta i n the annu l i , which are often more con sp icuous than those i n young
fema les , and often wi thout the fus ion of midd le and proxima l ri ng s on the t ibiae .

La trodectus vario las

F IRST INSTAR. (Fig s . 20a , b) . - The carapace i s reddi sh orange to browni sh orange , with
the eye reg ion black . The median and marg i na l dark bands so not iceable i n the other two
species are lack ing . The sternum is about the same co lor wi th the marg i n s somewha t
dusky . The leg s show the same ground co lor as the carapace , but there are fa i n t ly i ndicated
annu l i . These appear on leg s I, I I , and IV at the d i sta l ends of pa te l la , ti bia and metatarsus ,
with those on leg I sl ight ly darker . Leg I I I i s l ike leg I but the annu lus i s absent from the

metatarsus .
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The ground co lor of the abdomen i s reddi sh orange . There i s a large black area around
the spi n nerets and ana l tubercle, and there are three pa irs of large black spots on the

dorsum . The dorsum has whi te blotches a long the m idd le , and some whi te extend ing to the
s ides i n fron t of each black spot . Where the abdomen overhang s the carapace i s a whi te
transverse band , which ex tends d iagona l ly to the rear on each side to a pa ir of whi te spots
farther back . There are three pa irs of diagona l whi te bands . The hourg lass mark i s not
di st i nct , but some specimen s have irregular whi te blotches i n th i s area .

SECOND lNSTAR (Fig s . 200 ,
d

, e,
—Th i s i s very sim i lar to the first i n star, with the

carapace somewhat browner, the b lack spot s on the abdomina l dorsum a bi t larger, and the
hourg la s s mark showing more whi te as “cottage cheese” blotches .
TH IRD INSTAR (Fig s . 2og ,

h) . —The carapace i s now more chestnut brown . The leg s
appear dul l orange to chestnut brown , and the annu l i are s l igh t ly darker . 0 n leg I the basa l
ha l f of the femur i s dark , as are a l so the di sta l ha l f of the pate l la , the d i sta l th ird of the

t i bia, and the di sta l fourth of the metatarsus and tarsus .
The greatest change i s seen on the abdomen , which i s now black over most of the

dorsum . There rema i n a whi te band acros s the fron t , a median row of whi te spots , and
three pa irs of d iagona l wh i te bands, ex tendi ng down the sides , so tha t the ir lower end s are
v i si b le from the ven tra l aspect . I n each med ian spot i s a sma l l spot of orange-red p igmen t .
The hourg lass mark i s comp lete , but re lat i ve ly fa i n t i n the midd le area .

Specimen s that have recent ly mo l ted to the th ird i n star often show the b lack area
browni sh i n stead , except for those p laces where the orig i na l s ix b lack spot s were . But the
black pigment su11uses i n to these brown area s so tha t later i n th i s stage a larger area look s
b lack .

FOU RTH INSTAR (Figs . 201, j) . —The genera l appearance i s much l ike the th ird i n star .

The carapace and leg s , however, are more dusky . 0 n the abdomina l dorsum the spot s of
the med ian row are now red . The basa l band and the latera l obl ique whi te band s are
narrower and shorter, so tha t the la tera l s no longer ex tend to the ven tra l s ide . The

hourg lass mark i s now red , and i n most specimen s shows a di sti nct separa tion in to two
parts .
F I FTH INSTAR (Fig s . 20k ,

— The spiderlings look much l ike those of the preceding
i n star, but wi th the carapace and leg s darker . The annu l i s ti l l show on the la tter . The

abdomina l dorsum has the l igh t areas st i l l further reduced . Nearly a ll specimen s show the
hourg lass mark divided .

S IXTH INSTAR . The carapace and leg s are dark brown to black , and the leg annu l i show
p la i n ly . Some ma les mature i n th i s stage .

S EVENTH , E IGHTH AND NINTH INSTARS .

—Fema les mature i n these stages . I l lustra
t ion s of th i s species have been pub li shed by Judd Wi l son ( 1967) and , under the
name L. mactans ,

by Emerton ( 1902) and Ka ston ( 1937a , 1948 , and

APOS EMAT IC COLORAT ION
One can see from the above description s how d i 11erent the spiderl ings are from the

adul t s . These changes , as the spiderlings grow and mo l t , were first noted by Duges ( 1836)
for L. tredecimgut ta tus . Duges, and a l so Mari kovsk i i ( 1947) poi n ted out how the many
di 11erent appearances cou ld be respon si b le for authors descr i b i ng each stage as a d i 11 erent
speci es , and th i s , i n part , accoun ts for the long l i st of synonyms .
Apropos of the changes i n co lor as the spiderlings deve lop,

i t shou ld be noted that al l
three of our North American species acquire more b lack p igment , and tha t the hourg lass
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Fi
gu
re 2 1 . a, L. hesp erus

female from Cal i fornia ,
wi th egg sac; b , L. hesp erus female from Ari zona mak ing egg

sac: no
te ball of eggs th rough semi transparent unfinished sac ; c , on le ft , the egg sac and new ly emerged spiderlings

of L. macrons; on r ight , the same of L. hesp erus .
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i n star .

I n L . vario las the hourg lass mark may appear more comp lete i n the young , and

usua l ly loses i ts m idd le port ion i n la ter i n stars . Th i s has been reported a l so by Marikovski i

( 1947) for L . tredecimgut ta tus . Likewi se , for L . ind is t inctus Smithers ( 1944) has shown
that an hourg la ss mark i s presen t i n the spiderl ings but d i sappears comp lete ly (or a lmost
so) by adu l thood . Accordi ng to Beregovoi L. p a ll idus has no hourg las s mark i n any
of i t s stages . Despi te Bri stowe’s remark that L . geometr icus d i f1ers from other members of
the genus in not havi ng the hourg lass mark , a l l spec imen s from Flor ida and the West
I nd ies tha t I have seen do possess th i s mark , and Smithers has observed i t i n South African
members of th i s species . Moreover, th i s species has been known to cause envenoma t ion in
human s (Fin layson , Con trary to Bri stowe’s supposi t ion , i t has been k nown for
many years that young i ndi vidua l s and ma les do have po i son , a l be i t less than m ature
fema le s . Moreover, even those speci es wi thout a di sti nct hourg las s may have virulen t
venom , and may be much feared .

RATE OF DEVELOPMENT AND LONGEV ITY
Severa l observers have supp l ied i n formation as to the number of mo l t s and the length

of t ime to maturi ty . S tudyi ng the ctenid Cup iennius sa lei , Me lchers ( 1963) found that
poorl y fed sp iderlings ma tured after fewer mol t s . Contrariwi se , M i yash i ta ( 1968) for
Lycosa T

-1
'

ns igna ta ,
and Deevey ( 1945, 1949) for La trodectus mactans found that those

poorly fed requ ired more mo l t s . We l l fed spiderlings not on ly underwent fewer mol t s but
matured i n a shorter time . But of course feedi ng i s not the so le factor, and as i nd icated ,
wide variat ion s occur even among s ib l i ng s i n the same fami ly when ra i sed under i dentica l
condi tion s .
Even under un i form environmenta l cond i t ion s , there was considerable variat ion wi th

respect to the number of mo l t s , the i n terva l s between mo l t s , and the length of t ime i t took
for the spiders to mature . Th i s variabi l i ty extended even to l i t ter-ma te s” from the same
egg sac, and i s s im i lar to tha t found by Deevey and by Witt and Reed For

examp le , there " i s the case of three si sters maturi ng on the same day , 100 days after
emergence , L . mactans # 1 132-A-5 1 i n the six th i nstar, # 1 132-A-57 i n the seven th , and
# 1 132-A-59 i n the eighth . Sometimes a part icular fami ly shows a faster or s lower
deve lopmen t , or i n some other way i s di 11erent from the average , e .g . , some of the L .

var io las fami l ies had al l the ma le s ready to mature i n the six th i n star, but i n other fami l ies
i t was the seventh i n star . By far the greater majori ty of spiderlings fa i led to mature . Th i s
was especia l ly the ca se wi th specimen s of L . var iolas ,

which appear to requ ire a longer
time , and most often a greater number of mo l t s than do the other two specie s . Most of
them died in the fourth or fi fth i n star .

More success was obta i ned wi th ma les than wi th fema le s , probably i n part because
ma le s go through fewer i n stars on the average , and mature ear l ier . Thus I am unable to
understand the remark by Baerg ( 1923) tha t ma le s (of Arkan sa s L . mactans) were more
difli cult to rear than fema les , nor the statement by Knowlton ( 1935) that ma le s (of L .

hesp erus i n U tah) required a longer t ime to mature than d id fema les .
For wha t i s undoubted ly L. hesp erus ,

data were g i ven by Herms et a l .

Chamberl i n and I v ie Knowlton and Bhatnagar and Rempe l For L .

mactans proper, da ta were g i ven by Lawson B la ir Muma Deevey
(1945 , 1949) and McCrone and Levi The la tter a l so compared the deve lopmen t of
L. mactans with that of L. var io las . For exot ic species Smithers ( 1944) reported for L.

ind is t inctus ; Bonnet ( 1938) and Baerg (1954) for L. g eometr icus . For L . tredecimgu t ta tus

data were g i ven by Juberthie Shulov ( 1940) and Marikovski i and for L .
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p a l l idus by Shulov ( 1940) and by Beregovoi
Table 2 shows that the number of i n stars pas sed through to matur i ty i s qu i te variable,

and about equa l ly var iab le for L. mactans and L . hesp erus . However, for both sexes , with
i nd ividua l s undergoi ng the same number of mol t s , deve lopment i s somewhat more rapi d i n
L . mactans .

A l so, a l though fema les of both species mature i n the six th through n in th
i n stars , more of the L . mactans reach maturi ty i n the s ix th and seventh (mode i s seven th),
wh i le more of the L. hesp erus ma ture i n the e ighth or n in th (mode i s e igh th) . The d ifference
between them ,

however, i s not nearl y as great as that found by McCrone and Levi ( 1964)
between L. mactans and L . var io las . Because ofmy poor success wi th reari ng of L. var io las ,

on ly re lat i ve ly few data can be supp l ied , and these for ma les primari ly . Therefore, for
compari son , I am i nc ludi ng i n Table 3 data about th i s species from McCrone and Levi , but
have rearranged the da ta to conform to the way these are presented i n Table 1 . A l though I
had no ma les of L. hesp erus maturi ng i n the eigh th i n star, two penu l t ima te ma les from
Ca l i forn ia died i n the ir seventh , and would therefore , had they l i ved , have matured i n the
eighth . A l so,

bes ides those shown in the table , one L. mactans and three L. hesp erusfema les d ied as penu l t imates i n the e igh th i n star, and wou ld therefore have matured i n the
n i nth i n star had they l i ved .

1

Tab le 2 shows that for ma les t here i s l ikewi se a wide spread of i n stars , wi th the fifth
the mode i n both spec ies . I t wou ld appear tha t the shortest t ime i n which a ma le can

mature i s 37 days . However, among L . hesp erus fami l ies for which the record s are
i ncomp lete ,

were one Ar i zona fami ly , and one from Bri t i sh Co lumbia, i n wh ich ma le s
matured i n 33 days , and a fami ly from Texa s i n wh ich severa l ma les ma tured i n 27 and 28
days . Li kewi se, a l though from the tab le, 177 appears as the longest i n terva l i n days to
maturi ty for a L . mactans ma le and 263 days for a L. mactans fema le , I have records of

Tab le 2. Ra te of development of L. mactans and L. hesperus .
l ns tar Number of days spent in each ins tar No . of days to Matur i ty

37-139

40- 196

46-2 10

6 1-2 14

73-185

Female 75-239

74-325

102-325 i 8 1 8

49-84 i

38- 138

49-16 1

74- 177

1 1 12 9 6 14 97 166

62-134

Female 64-193

97-263

7 14 9 12 24 16 7 107

1

after emergence .

Whi le th i s manuscr ipt was in press a female L. mactans , # 1647-A-1 19, matured in the tenth ins tar , 190 days
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194 for a ma le and 378 for a fema le from North Caro l i na .

Table 3 shows that spiderl ings of L . var iolas spend a much shorter t ime i n the first
i n star than do spiderlings of the other two specie s . Tab le 4 shows tha t the minimum
number of days spent i n a g i ven in star tend s to i ncrease as the spiderlings get o lder . For the
maximum number of days i n a g i ven i n star I am unable to find any corre lat ion .

Table 3 . Ra te of development of L. vario lus .

Instar in wh ich No . of

m atured

Female

Data below have been taken from McCrone and Lev i
6 15 87

Table 4 . Minimum and max imum number of days sp ent in each ins tar .

Ins tar

L. hesperus 3 ° 190 5; 147 1 1 ; 99 15 ; 53

L. mactans 1 ; 57 5 ; 143 7; 75

L. var 1
°

0 1us 6 ; 76

Table 5 shows that i n both sexes L . hesp erus on the average l i ves longer than L.

mactans after becoming mature ; for fema les about one and one-th ird times and for ma les
about twice as long . Li kewi se the tota l l i fe span from the time of emergence i s longer, aga i n
by more than one and one-th ird times in fema les , and about one and one-ha l f t imes i n
ma les . Tab le 6 shows the maximum number of days tha t any specimen l i ved after
maturi ng , and the maximum number for the ent ire li fe span after emergence . The fema le
of L. mac tans which l ived 849 days after ma turi ng must have been o lder than the 858 days ,
which i s the max imum I have noted for another i ndi vidua l . Adding to 849 the 62 days
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Table 5 . Life span.

Mean
Spec ies

: 1:

=1;

i

1

found min ima l for L. mac tans fema les to ma ture, one obta i n s for th i s part icu lar i ndi v idua l
a l i fe span of at least 9 1 1 days .

The longevi ty of L. hesp erus and of L. var io las thus i s greater than tha t of L . mactans .

To ascerta i n whether th i s hardi ness was a l so a feature of the young , I set out a fami ly of
each species right after emergence and kept

'

them wi thout food . Shulov ( 1940) had found
that newly emerged L . pa ll idus spiderlings can l i ve up to 19 days wi thout food . A l so , that
the spiderlings of L . tredecimgut ta tus can mo l t to the second in star without their havi ngfed .

My three fami l ies i nc luded 2 13 newly emerged spiderlings of L. mactans (from egg sac

1377-A co l lected i n Arkansas), 200 spiderlings of L . hesp erus (from egg sac # 1352-B

co l lected i n Ca l i forn ia), and 128 spiderlings of L. var io las (from egg sac # 138 l -A co l lected
i n M i s sour i ) . From the L . mac tans - fam i l y , the fi rst sp i der l ing d ied two day s a fter
emergence , the last 16 days la ter . The largest number 54) died on the seventh day after
emergence , when a l i t t le over one-ha l f their number had died . None had mo l ted to the
second i n star . From the L. hesp erus fami ly , the fi rst to die surv i ved 8 days , the last 32 days .
The largest number died 19 days after emergence , when a l i t t le over one-ha l f their
number had died . Fi fteen of them had mo l ted to the second in star, one wi th i n a day after
emergence and two 10 days after emergence . Those which at ta i ned the second i n star died
from the 19th to the 24th day after emergence . From the L. var iolas fami ly 36 died the day
a fter emergence , but one survi ved 37 days . The largest number 8) to d ie after the second
day succumbed 19 days after emergence , when a l i t t le over ha lf had d ied . E ighteen mo l ted ;
two of them two days a fter emergence , and two on the e leven th day after emergence . Those
wh ich a tta i ned the second i n star died from the 12th to the 3 1 st day after emergence . Thus i t
wou ld appear that L. var iolus shows the greatest longevi ty and hard iness , and L . maclons

the least .
MOLTING

I often saw sp iders i n the act of mo l t i ng , but on ly once was I ab le to observe the en tire

Table 6 . Maximum longevi ty ; in days .

L. var iolas
Female Female Female

*See tex t for explanat ion
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process from the beg i nn i ng . The specimen was a fema le L . mactans # 1 186, mo l t i ng from
the penu l t imate i n star to matur i ty . I n all es sen tia l s the process c lose ly resembled tha t
descri bed for L . hesp erus by Hagstrum

The spi der a s sumes a pos i tion wi th sp i n nerets a t tached to a thread overhead and all

legs fu l ly extended , hang i ng from above . There i s s low rhythm ic up and down movement of
the body , and the carapace sp l i t s around i t s edges . I n about five minutes the old carapa ce

comes off from the cepha lothorax . Dur i ng the next ha l f hour the leg s are ex tr icated from
the old sk i n , and the abdomen li kewi se s lowly emerges , wi th the old sk i n be i ng pushed
toward the spi n nerets . The shortest leg s , I I and I I I , emerge first , and the anterior leg s last .
When the leg s are all out of the old sk i n , the spider extends them hori zonta l ly , and hold s
them i n that pos i tion for a whi le . The entire proces s took about 30 minutes . The old

exuviae are cut out of the web some hours or even days later .

Whi le ordi nari ly the mo l t to matur i ty i s the fina l one , severa l except ion s have b een
encoun tered , and an accoun t has a lready been publ i shed by Kaston of five i n stances
of post-maturi ty mo l ti ng . One addi tiona l case can be added here . A mature fema le L .

hesp erus # 1336 which was co l lected i n San D iego, Ca l i forn ia , on February 16, 1968
mo l ted , on March 8 , 1968 .

SEX RAT IO
Mon tgomery ( 1908) supposed that he cou ld sex spi derlings upon their emergence

from the egg sac . He took the newly emerged young with high , wide abdomen s to be
fema les , those wi th low and narrow abdomen s to be ma le s . On th i s bas i s he obta i ned a

ra tio of ma les to fema les . He did not rear the spiderlings to veri fy h i s predict ion .

I too have observed that among the emerg ing spi derlings some have stout h igh
abdomen s , and others had abdomen s perhaps ha l f as h igh and ha l f as wide ; but there were
a l so some of i n termedia te size and form . For one large fami ly of L . mactans from Flor ida,

# 1005-A , the shape and s ize was noted for each spider l i ng that emerged . The deve lopmen t
was fo l lowed , and the sex ascerta i ned when old enough . Both ma les and fema les deve loped
from the spiderl ings that had the large abdomen s , sma l l abdomen s , and i n termediate
abdomen s , so no corre lat ion cou ld be made .

Bonnet ( 1938) ra i sed a sma l l fami ly of L . geometr icus and obtai ned about twice as
many ma les as fema les . However, Boui l lon ( 1958) work i ng wi th the same speci es , but a
much larger sample size , found a s l ight ly greater number of fema les than ma le s . H i s
stat i st ica l ana ly s i s i ndicated that the resu l t s were consi s ten t wi th a ra tio of Likewi se
Deevey ( 1949) obta i ned a ratio i n L. mactans; Herms et al . ( 1935) had found th i s to be
the case i n L. hesp erus ,

and McCrone and Levi ( 1964) l ikewi se obta i ned th i s ra t io for both
L. var io las and L. mactans .

I n my studies the majori ty of specimen s matur i ng were ma le . Deevey i ndicated that
when the spiderlings were underfed a higher percen tage of ma les matured . Th i s m ight
pos s ib ly be the exp lana tion for some of my resu l t s wi th many spi derlings dyi ng before their
sex cou ld be a scerta i ned . However , i n about ha l f of the fami l ies rai sed i n a ll three species ,
the ratios obta i ned were cons i s tent wi th the hypothes i s of a rat io when a chi square
ana ly s i s at the 5 leve l of significance was made .

HAB ITAT AND WEB STRUCTURE
Most members of the genus La trodectus bu i ld their webs close to the ground .

However, L . b ishop i bui ld s above ground in pa lmetto shrubs , and Aba los and Baez ( 1967)
reported their La trodectus # 1 as never havi ng been found le ss than a meter above ground .

They a l so i ndicated tha t L. geometr icus seems to prefer human habi tat ion s , and th i s had
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been noted as we l l by Smithers (1944) and by Lamora l Mccrone and Levi ( 1964)
found L . var iolas i n northwestern Florida high 0 11” the ground i n trees , but th i s species i n the
m ore nort hern part s of i t s range (at lea s t i n Arka n sa s , M i s sour i , I l l i no i s , Kan sa s ,
M ichigan , and Connect icut) wi l l be found i n leaf l i t ter on the ground i n mesic to xeric
deciduous forest s . Fi tch (1963) i n Kan sas , and I i n Connect icut have a l so seen th i s specie s
under stones , and i n M ichigan i t has been found under logs , under fence post s , and i n the
ho les made by sma l l mamma l s i n the ground (Wilson , I t may wel l be, as suggested
by Bha tnagar and Rempe l (1962) tha t sympatric popu lat ion s “ tend to di ff er i n their
habi tat , but the a l lopatric populat ions [ of L. mac tans and L. vario las ]may occur i n
iden tica l habi ta ts .

The webs of L . hesp erus have been reported sim i larly from ho les of sma l l mamma l s
(Je l l i son and Phi l ip, i n other ho les of uneven ground , and a long roadside s , etc . , but

a l so at t imes i n trash , i n sheds , somet imes s ix or more feet above ground leve l , and a long
the out s ide of houses c lose to the ground level . At t imes the den si ty of i nd iv idua l s may be
qui te h igh where su i tab le h id i ng p laces exi st ; For examp le , i n one weedy , l i t ter-fi l led lot i n
Brawley , Ca l i forn ia, 100 specimens , adu l t or nearl y so, were obta i ned i n a coup le of hours
col lecti ng , i n an area of 120 by 150 feet .

The fema le i s nega t i ve ly phototrop ic and genera l ly hang s i n an i nverted pos i tion under
a piece of overhang i ng board , or c lod of earth , or back i n her re treat . Thus she i s usua l ly
not vi si b le duri ng dayl ight hours . But after dark the sp ider may move out over the snare ,
tak i ng a posi t ion perhaps severa l i nches i n front of the overhang .

La trodectus mactans has been reported i n Loui s iana (Gowanlock and Leeper, 193 5)
and i n Maryland (Muma , 1944) from re lat i vely dry s i tuation s i n pi le s of stones , i n cu l verts ,
fence corners , under steps , i n burrows of an ima l s , i n hous i ngs of service meters , etc . I
myse l f have found th i s speci es i n and around human habi tat ion s , i n tobacco barn s i n North
Caro l i na , and corners of rooms and ba semen ts i n Georg ia .

Specimen s may be found throughout most of the year, though i n those reg ion s wi th
co ld wi n ters the spider rema i n s i nact i ve i n a retreat under a stone , etc . S i nce fema les qui te
often l i ve more than one year, i t wou ld be expected that mature fema les can be found at
any sea son . On the other hand , ma les , which have a shorter l i fe, are found ma ture ma i n ly
duri ng the warmer month s . I have records of L . var io las ma les be i ng taken i n Apri l and
May ; of L. . mactans ma les from May through October ; and of L . hesp erus ma les from
March through October, with the majori ty i n August and September .

A s i ndicated previous ly , the webs of b lack widows are of the irregu lar mesh type .

Neverthe les s , the webs are not lacki ng i n organizat ion . They have been exten si ve ly studied
by S z lep ( 1965, 1967) and a l so by Lamora l I n a ll three of our spec ie s the spider
bui ld s a retrea t , or refuge, which i n nature wou ld be under a clod of dirt or other
overhang i ng protecti ve structure .

I n L . hesp erus the retreat has a horizon ta l upper border , and a curved lower border,
and leads through a tunnel an i nch or so i n diameter to a catch i ng sheet . Th i s latter i s
usua l ly hori zon ta l , or on ly s l igh tly i ncl i ned . Above the sheet i s a loose ly woven upper and
outer port ion . Below the sheet are a number of obl ique and vert ica l threads connected to
the substratum . These threads are of the “gum-footed ” type , wi th vi sci d g lobu les arranged
for the most part a long the lowest three to five mm , but occa siona l ly ex tendi ng up as much
as 30 mm . These v i sci d g lobu les are usua l ly absen t from the middle layer, the catchi ng
sheet , and a lways absent from the retreat i t se l f. Whi le the webs are usua l ly a foot or so
across , and equa l ly as h igh , they can be larger . One web i n an unused wooden shed had a
ca tchi ng port ion about 30 i nchesabove the ground leve l , wi th threads extend ing to a retreat
i n the rafters about 12 fee t above“the ground .
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the hymenopterous parasi te about which most i s known i s the scelionid , Baeus Ia trodect i

Dozier, reported by Pierce ( 1942) from the egg sacs of L. hesp erus i n Ca l i forn ia . A l so,

from sacs of the la tter species Herms et a l . (1935) reared the egg predator Gel is sp . , an

ichneumonid .

A s for the preda tors , one not ice s i n t he labora tory occa s iona l i n s tance s of a

mea lworm , Tenebr io moh
’

tor , ea t i ng a black widow . Probably th i s i s managed when the
spider i s mo l t i ng (Deevey , or e l se mori bund , and thus he lples s to defend i t se l f.
Pierce ( 1942) and Branch ( 1943) for L. hesp erus ,

and Archer ( 1947) for L. mactans ,
have

observed that b lack widow spi ders are eaten by the re lated ther id i id spider, S tea toda g rossa
(C . L. Koch) . Archer a l so noted tha t the pirate spider, M imetus sp . a t tacked L. mactans i n
A labama , and I have seen M imetus hesp erus Chamber l i n feed ing on L . hesp erus i n
Ca l i forn ia .

Cowle s ( 1937) con s i dered that t he San D iego a l l iga tor l i zard was an effect i ve
preda tor, but , as poi n ted out by Irvi ng and H i nman ( 1935) perhaps the most effect i ve , and

certa i n l y the most wide-spread preda tor, i s the blue mud-daubi ng wasp, Cha lybz
’

on

cahform
’

cum (Saus sure). Rau ( 1935) had observed i n Mi s sour i that th i s wasp preferen t ia l ly
provi s ion s i t s mud ce l l s wi th L. mactans rather than wi th other spi ders . D’

Amour et al .

( 1936) had noted the same for L. hesp erus i n Co lorado, and I have observed the same for
L. mactans i n Georg ia , as we l l as for L. vario las i n Connect icut .
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Figure 1 . Map of study area in lower Gulf of Ca l i fornia , Mex ico showing s ta t ion locat ions .
I s la San Franci sco 1 10°35

'W) on 23 and 25 Apri l , I s la San Jose
1 10°35

’W) on 24 Apr i l , and l sla de l Esp iri tu San to 1 10°25
’W) on 26 , 27, and 28

Apri l , 1970,
to i nves tigate various a spects of the eco logy of those popu lat ions (Figure

METHODS
Area , depth , and per cen t cora l coverage of a l l surveyed areas were est imated . U sua l ly
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i n mak ing surveys two di vers were towed at s low speeds ( 1 to 2 k not s), one on each side of a
12

’

sk ifl
”

. In early stages of the survey al l A . ell is i i loca ted were i nves tigated for act i ve
feed ing ; later on ly occas iona l i nd i vidua l s were checked . Frequent ly

,
when vi s i bi l i ty and the

wid th of sui table substrate proh ibi ted a thorough survey by towing ,
free or SCUBA d ivi ng

was emp loyed to more complete ly cover the area . At severa l s ta t ion s both day and n igh t
observa tion s were made . On ly d i v i ng was ut i l i zed for n igh t surveys , duri ng which specia l
emphas i s was p laced on loca t i ng juven i le A . el l is i i (none were found) . Spec imen s were
co l lected from se lected area s and i nd i vidua l s were kept i n a large Opaque aquarium on

board s h ip . A varie ty of l i v i ng cora l s were pre sen ted to t he se spec imen s . A l l the
Acanthas ter co l lected were mea sured (d i sk d iameter) and gonad samp les taken .

RESULTS
Isla San Franc isco . The area adjoi n i ng near ly the en tire western ha l f of the i s land

was surveyed . Deta i led observation s were , however , l im i ted to the southwestern sector .

S tat ion 1 was the submerged portion of a spi t composed of sma l l bou lders (<0 . 5m i n
d iame ter) a t the sout hern end o f a sm a l l sandy embaymen t . The area i n ve s t iga ted
mea sured some 10m

, with depth s rang i ng from to 2m . A l l observa tions were
made whi le snorke l i ng . Cora l coverage was 2 to 3 con si s t i ng of sma l l patches of Por i tes
(3-6 cm i n d iameter) and scattered i nd i vidua l heads of Poc i IIOp ora . Seven A . el l is i i , all i n
the Open , were located ; most were feed ing on sma l l Por i tes patches duri ng the day . There
was evidence of occa s iona l feed i ng on Poc iIIOp ora , but none of these cora l heads were
comp le te ly ea ten . (Densi ty ofA . el l is i i : 0 .006/m 2

or 1 / 17 1m
2

.)
S tat ion 2 was located a long a rocky shore l i ne acros s the sandy embaymen t from

S tat ion 1 and i nc luded the poi n t at the northwestern end of the bay . The substrate
consi sted of large boulders (>1m i n d iame ter) tha t had tumbled down onto a flat sandy
bottom . These boulders were a lmost comp le te ly covered wi th a lgae . The area surveyed
stretched for about 3 15m a long the shore and varied i n wid th from 8m on the i nner end to
15m at the northwest po i n t . Depth of the water to sand bottom gradua l ly i ncreased from 5
to 15m at the poi n t . Day observat ions were m ade towing ,

free divi ng ,
and wi th SCUBA .

Cora l coverage was est ima ted to be les s than 1 except at the poi n t where i t was between
2 and Sma l l encrusti ng patches of Parti es and sma l l head s of Pocz'IIOp ora were
presen t . Severa l larger heads of P0 ci 110p ora and pa tches of Por i tes cm i n d iameter)
were found i n sha l low water at the poi n t . A tota l of 27 A . ell is z

'

i (i nc ludi ng 7 taken by
Fau l k ner on 18 Apr i l) were sca t tered throughout the area . Near ly a l l were i n water
between 1 and 5m deep and were feed i ng on patches of Pa r i tes . A s i ng le i nd i vidua l wh ich
was not feed ing was found i n 12m of water at the northwe st po i n t . (Densi ty of A . e ll is i i :

0 .009/m
2
or 1/ 1 17m

2
.)

S ta t ion 3 began on the north side of the po i n t where S tat ion 2 terminated and

con ti nued for some 2oom i n to an adjacen t cove . The substrate was s imi lar to that of
S ta tion 2 except the bou lders were sma l ler and les s a lga l covered . The rocky area was 5 to
8m wide

,
endi ng on a smooth sand bot tom i n 3 to 4m of water . Cora l coverage was

est ima ted to be less than Four Acanthas ter were seen but were not checked for
feeding . (Densi ty ofA . e11is i i : 0 .003/m

2
or 1/400m

2
. )

S tation 4 was located on the north side of a sma l l cove oppos i te S tat ion 3 . The

substra te a long the i nner 75m of the cove was a grey , ves icu lar ba sa l t dipping seaward

gent ly for about 18m to a depth of 3 to 4m , and then more sharp ly to a smooth sand
bottom at a depth of 9m . Th i s area was surveyed by towing and free divi ng dur i ng the day .

The bottom over the rema i n i ng 3 10m leng th of the area cons i s ted of large bou lders and was
surveyed by day towing and a SCUBA d ive at n igh t . The ent ire stat ion was dense ly covered
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wi th a lgae .
Cora l cover was between 1 and 2% and consi s ted of sma l l patches of Por i tes

and occa s iona l sma l l heads of Pocz
’

llop ora . A tota l of 24 Acanthas ter (i nc lud ing 12

co l lected by Fau lk ner on 19 Apri l) were found at th i s stat ion . Most ind i vidua l s observed
duri ng the day were feedi ng i n the Open on sma l l patches of Por i tes . Iden tica l behavior was
observed duri ng the n igh t d ive wi th the add it iona l observa t ions of one comp le te ly c l eaned
co lony of Poci110p ‘

0 ra and a s i ng le Acanthas ter feedi ng on a gorgon ian (Pac ifigorg ia sp .)
i n a crevice . (Dens i ty ofA . el l is i i : 0 .006/m2 or 1/ 160m

2
.)

S ta t ion 5 , located a long the southern side of the cove adjacen t to S tat ion 4 , compri sed
an area of 300 x 10m . The bottom was an a lga l-covered s lopi ng rock outcrop with a few
bou lders scattered at i ts seaward extremity . Sand rep laced the rocky sub strate i n about 3m
of water . Observa t ion s were made by towing and free d ivi ng i n day l igh t . Cora l coverage
was 8 to cons i st i ng pri ncipa l ly of encrust i ng to submassive pa tche s of Por i tes , a few

head s of PociIIOp ora , and an occa siona l patch of Pa vona . (Dens i ty of A . ell is i i : 0 .002/m 2

or 1/ 600m
2

. )
Is la S an Jose. A si ng le sta tion (S tat ion 6) was made at th i s i s land around a

l i near rock outcrop we l l out i n to the mouth of the large bay on the southwestern extremity
of the i s land . The substrate con si s ted of large a lga l covered boulders , and water depth to
sand bot tom ranged from 6m at the northern end of the outcrop to 14m at the southern
end . The area surveyed was about 375m long and 10 to 12m wide . Cora l s presen t were
Por i tes Poci llop ora , and Tubas trea , and cover for most of the area was about
increasmg s li ghtly at the southern t ip where a strong curren t preva i led . Observa tions were
made towing and with SCUBA . Duri ng the day 5 Acanthas ter were found sca ttered a long
the western side of the outcrop , a l l i n less than 4m of wa ter . Three were i n the Open , ful ly
exposed but not feed i ng , another was feedi ng on a gorgon ian (Pac ifigorg ia and one

had i t s stomach everted over a c lump of Pad ina sp . (a l ight ly ca lcareous brown a lga). Al l of
these specimens were co l lected and no addi t iona l i nd iv idua l s were located tha t n ight .
(Densi ty ofA . ell is i i : 0 .00 1/m

2
or 1/750m

2
.)

Isla del Esp ir i tu S anta . Two s ta tions were occup ied i n the northwestern sector of
the mouth of an embayment on the western side of the i s thmus . The first , S ta tion 7 ,

was

around a sma l l rock outcrop a short d i stance out i n to the bay . The surveyed area was

approx imate ly 500m2 . A11 observa tions were made snorke l i ng dur i ng the day . A lga l cover
was much Sparser than at previous s ta tion s and cora l coverage was be tween 4 and 5%

Sma l l patche s of Por i tes were presen t , a si ng le c lump of Psammocora (S tep hanar ia ) was
noted , and a number of co lon ies of P0 ci 110pora (up to 0 .75m i n d iameter) were scattered
about . E ight Acanthas ter were observed i n 1 to 3m of wa ter . (Fau lk ner a l so co l lected one
i nd i vidua l fr-om th i s loca l i ty on 15 Apri l .) Of the 8 , 7 were feeding on ti ny pa tches of
Por i tes , and one was under a large head of Poci lIOp ora a sma l l por tion of which had
been eaten . (Densi ty ofA . ell is i i : 0 .0 16/m2 or 1/63m

2
.)

A sma l l poi n t oppo si te S ta tion 7 was se lected for S ta tion 8 . An est imated 1 100m of

rock outcrops and boulders were i nvest igated by free divi ng . A lga l and cora l coverage , as

we l l as the k i nds of cora l s , were s im i lar to S ta t ion 7 . Of the 8 Acanthas ter seen duri ng the
day , 6 were feed ing on Por i tes and one on Psammocora (S tep hanar ia ). (Dens i ty of A .

ell is i i : 0 .007/m2 or 1/ 138m
2

. )
Two sta t ions were made at the northwestern extremity of Bahia de San Gabrie l ,

loca ted i n the southwe stern sector of I s la de l Espiri tu San to . The first , S tat ion 9, was
located just outs ide and to the north of the bay at Pun ta Prieta and covered approx imate ly
600m2 of rock ledges and boulders i n wa ter les s than 5m deep . Cora l coverage was be tween
3 and pri ncipa l l y Poc i lIOp ora , and under ledges , Tubas trea . No Acan thas ter were
found duri ng the day or n igh t .
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larger average Acanthas ter popu la tion leve l s (Chesher, 1970 ; Weber
,

N i nety Acanthas ter (i nc lud ing the 20 taken by Fau l k ner) were located wi th i n the
20,250m2 surveyed i n deta i l . The average densi ty obta i ned , 0 .0045/m

2
or about 1/225m2 ,

exceeds severa l of Chesher’s defini t ions of norma l popula t ion den s i t ies for A . p laneis 2 or

3/ 1000m
2

,
4 or 5/km of reef, l / hour of search , and minute s of search but usua l ly no

more than 8 (Chesher, 1969 ,
For severa l s tat ions densi ties approached , and at one

sta t ion exceeded , the den si ty reported for the i nfestat ion of Double Reef, Guam (886
an ima l s on 90,000m

2
of reef, Chesher , The effect of the starfish on cora l format ions

i n the lower Gu l f of Ca l i forn ia i s certa i n ly prob lematica l , especia l l y consideri ng the

genera l lack of reef deve lopmen t and Sparse d i stri but ion of cora l s i n that area (Squ ires ,
Exclud ing the 2 sta t ions from Bah ia de San Gabrie l , cora l coverage ,

i n terms of
projected images of ind iv idua l colon ies , averaged about 3 % over 18 , 150m

2
. There are then

approx imate ly 6 . 1m2 of cora l standi ng crop ava i lable for each Acanthas ter , a l though the
actua l feedi ng surface i s certa i n ly grea ter . U s i ng a consumpt ion rate of twice the area of

the d i sk per day (Che sher, 1969,
for A . p lanci ), approximate ly 5 .3m2 of cora l wou ld be

consumed by an average s ize A . el l is i i i n a year’s t ime . Such a feed ing rate would requ ire a

rep lacemen t rate of cora l s tand ing crop i n terms of area l coverage of 87% annua l ly .

However
,
th i s feed i ng ra te ,

con sideri ng the effect s of tempera ture d ifierences on metabo l ic
ra te (Kinne ,

i s probably an overest ima te (surface tempera tures i n the lower Gu l f of
Ca l i fornia range from 17 to 3 1 °C wi th an annua l mean of 24 7 °C

,
whi le the tropica l

western Pac ific rema i n s nearly un i form at 28 °C ; see Roden ,
The re la tionsh ip be tween i ncrease i n weigh t and i ncrea se i n area of the projected

image of a cora l co lony i s d ifli cult to est ima te and depends i n a comp lex manner on such
factors as growth form ,

degree and mode of branch ing ,
and ske le ta l den si ty . Neverthe less ,

growth da ta g i v i ng annua l i ncremen ts of i ncrea se as per cen t ga i n i n we ight does not seem
an unrea sonab le means of approx imati ng a cora l rep lacement rate . I n H awa i i , Edmondson
( 1929) found an average annua l we igh t i ncrease for a number of co lon ies of various s i ze s of
two species of Por i tes to be and and of three species of Poci llopora to be

and S i nce the Hawa i ian I s land s are on the border of the trop ics ,
cora l growth da ta from there seem appropria te for compar i son , even though Hawa i ian
growth rates certa i n ly exceed those i n the lower Gu l f of Ca l i fornia . Despi te the com

p l icat ions , i t appears that under present condi tion s cora l growth a lone shou ld be suffi cien t
to provide enough ti s sue to sat i s fy the energet ic requiremen ts of curren t popu lat ion leve l s
ofA . ell is i i .

The gonad ana ly s i s i nd icates that i n the Gu l f of Ca l i forn ia Acanthas ter has at least a
protracted , i f not con ti nuous , spawning season . Th i s does not agree with the report from
Green I s land (about I6 °S ) on the Grea t Barrier Reef of a h igh ly synchronous breed ing
sea son i n December and January for A . p lanci (Endean,

nor with the contention of
Chesher ( 1969) of a breeding season forA . p lanei at Guam (about 16 °N) duri ng November
and December . Our data ,

however
,
agree wi th ana ly ses by Pearse on specimens from

Guada lcana l , Guam , l fa luk , and Wole i (E ldredge , and with Morten sen ’s observa
tion ( 193 1) from 0 11

" Java (about 6 °S ) tha t , for A . p lanei , the sexua l products are not shed
a ll at once but i n portion s at d ifierent t imes . Furthermore ,

conti nua l i nflux of young , or

recrui tmen t extend ing over many mon th s , cou ld accoun t for the lack of mode s repre sen t
ing year c las ses i n the size-frequency d i stri but ion of the popu lation s ofA . el l is z

'

i observed .

S i nce no growth ra te data are ava i lable for A . el l is i i , age s tructure of the popu la tion s
cannot be i n ferred from the ir s ize di s tri but ion . However, one important poi n t about the
shape of the s ize-frequency curve , as i t re lates to popu lation i ncreases , shou ld be made : the
peak at i n termed ia te s izes (see Figure does not neces sari ly i nd ica te an unusua l ly large
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Figure 2 . S i ze frequency hi s tog ram based on 30 spec imens . Range , 62- 142 mm ; mean, mm (med ian,mm ).
recen t influx of young . Severa l combi nat ion s of survi vorsh ip curves coup led wi th non

l i near growth cou ld g i ve s ize-frequency di stri but ion curves of the shape observed even
when annua l recru i tment i s re lati ve ly constan t over a per iod of severa l years . Probab ly the
popu lation s observed conta i n i nd i vidua l s i n severa l year c la s ses , and any con ten tion for a
recen t popu lation i ncrea se wou ld be high ly specu lat i ve .

Lack ing adequate knowledge of recru i tment , se tt l i ng requirements , survi vorsh ip ,

spawning periods and behavior, growth rates , ra tes of morta l i ty from various sources , and
longevi ty of both cora l s and Acan thas ter , as wel l as i n forma t ion concerni ng pa st p0 pu
1at ion leve l s and fluctuat ions, we consider drawing any conc lus ion s as to the consequences
of presen t leve l s of predat ion on cora l s i n the lower Gu l f of Ca l i forn ia by A . ell is i i tenuous
at best . However, the feedi ng pres sure exerted by A . el l is i i , when coup led wi th subopt ima l
tempera tures for cora l s resu l t i ng i n re la ti ve ly s low growth ra te s , an observed abundance of
bor i ng organ i sm s , and pauc i ty o f cora l l i n e a lgae to se rve as a b i n d i ng agen t , may

contribute significant ly to the a lmost tota l absence of reef formation i n the Gu l f of
Ca l i forn ia .
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EVOLUT ION OF PEROMYSCUS ON NORTHERN ISLANDS
IN THE GULF OF CALIFORNIA , MEX ICO .

TIMOTHY E . LAWLOR

ABSTRACT .

—M ice of the genus Peromyscus on nort hern i s land s of the Gul f of Cal i forn ia and

adjacen t ma inland areas were exam ined to trace the d i vergence of popula t ions t here . A to tal of
27 qua l i tat ive characters of the os teo log y , pelage , p ha ll ic morp ho logy , so ft anatomy , sero logy ,
and karyo logy was exam ined in detai l . Morp home tr ic charac ters and den ta l pa t terns al so weres tud ied , and m at ing s of per t inent forms were a ttemp ted w i th l i m i ted success .

The i s land and ma inland forms were trea t ed numerical ly accord ing to the above qual i ta tive
characters , as fo l lows : ( 1 ) Two Pr i m Network s were computed , u ti l i z ing d iff eren t comb ina tions of
c harac ters . Each ind ica ted tha t P . s tephan i (Is la San E s teban ) i s closely rela ted to P . boy le i , andt ha t t ho se two spec ie s and P . cr im

’

tus are onl y d i stantl y related to the rema inder of the i sland
and ma inland forms . (2 ) A dendogram (Wagner D iagram ) was compu ted for the la t ter , us ing
the quant i ta t ive p h y let ic m et hod . P . erem icus was cons i dered ances tral on morpholog ic and

zoogeograp h ic ground s . P . guard ia (Islas Angel de la Guarda ,
G rani to

,
and Mej ia ) i s the mos td ivergen t of the erem icus-l i ke forms and c lad i s t ical ly i s clo se s t to P . merr iam i . P . in terpar i e ta l is

( I s la s San Lorenzo Sur , San Lorenzo Nor te ,
and Sals ipuede s ) also i s re la ti ve ly far removed from

the h ypo t het ical erem icus-l i ke ances tor . Popula t ions from the Baja Cal i forn i an and Sonoran main
land s and Is la T i buron (P . erem icus ) , and Is la Turner (P . co l la tus ) , are close ly rela ted and

s hould be cons idered conspec ifi c . Oh zoogeograp h ic ground s , the popula t ions on wes tern Gulf
i s land s (guard ia , in terpar ie ta l is ) probab l y are der ived from a Baja Ca l i forn ian erem icus-l i ke
progen i tor , w hereas eas tern i sland forms (co l la tus , erem icus t i buronens is ) and stepham

'

prob

ab l y are der ived from Sonoran erem icus—l i ke and boy le i -l i ke forms , re spect ive ly . Evi dence frommorp ho log y , amoun t of gene flow be tween island s and be tween i s land s and the mainland ,
and

t i me of forma t ion o f the i s land s , sugges t s t ha t the t i me in terva l s ince in i t ia l forma t ion of the

i s land s has been the pr incipal factor affect ing d i vergence of the i s land popu lations .
Trend s in the evolu t ion of certain charac ters among Gul f Peromyscus sugges t t ha t comp lexfea tures may resul t from si mp le cond i t ion s in the p hallus and den t i t ion , and t ha t acrocentr ic chro

mosomes der ive from a b i -armed cond i t ion . The d a ta sugges t th a t the subgenus H ap lomy lomys,w h ich cons i s ts of erem icus- l i ke spec ies , con ta ins prim i t ive members of the genus .
RESUMEN .

— Se es tud i aron los ra tones del género Peromy scus en las i s las sep tentrionales delGol fo de Cal i forn ia y zonas adjacentes del con t inen te , con obje to de de term inar las d ivergencias
que p resen tan sus po b lac ione s . Se exam inaron con todo de tal le um to tal de 27 caracteres morfo
log icos, relac ionados con la o s teo logia , pelaje ,

organo s sexuale s ex terno s y o tro s caracteres ana
tom i cos, serolé logicos y ci tolog icos . Tamb i én se anal i zaron los carac tere s morfométr icos y la
dent icion, intentandose ademas cruces en tre las formas pert inentes , ob teniendo éx i tos muy l im i tado s .

Las formas encon trada s en las i s las del Gol fo de Cal i forn ia y em el cont inente se ana l i zaron
numer icamen te en cuan to a los carac teres morfolog icos arr i ba menc ionados , en la form a s igu iente :
1 ) Se e fec tuaron dos “

Pr i m Ne twork s
,

u t i l i zando d i feren te s comb inac iones de carac teres . En
cada ca so re sul to que P . stepham

’

( i s la de San E s teban ) aparec ia como par iente prox imo de

P . boy le i , y es tas dos espec ie s con P . cr in i tus resu l tan parien te s lejano s de las form a s res tante s
que hab i tan es tas i slas y e l cont inen te . 2 ) E1 d iagrama dend i t ico (d iagrama de Wagner ) se com

pu to para P . cr in i tus, u t i l i zando e l método fi logené t ico cuan t i ta t ivo . P . erem icus aparece as i

como una e spec ie ances tra l
,
basandonos em la mo rfolog ia y la zoogeografia . P . guard ia ( i s lasAngel de la Guarda , G ran i to y Mej ia ) es la especie que d iverge mas de las form as del t ipo

erem icus , y la mas prox i ma em la esca la a P . merr iam i . Peromyscus in terpa r i e ta l is ( I s la s de SanLorenzo Sur , San Lorenzo Norte y Sa ls ipuedes ) aparece como una segregac ion lejana del ascend ien te h ipo té t ico ti po eremicus . Las pob lac iones de P . erem icus de las zona s con t inen tales de
Baja Ca l i forn ia , Sonora y de la i sla T iburon ,

y las de P . co l la tus de la i s la Turner aparecen muy
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re lac ionadas en tre si , por lo que podrian cons iderarse co-espec ificas . Bajo e l pun to de v i s ta
z oogeografico , las pob lac iones de las i s las occ identales del Gol fo (gua rd ia , in terpa r ie ta l is ) derivan

probab lemente de un progen i tor t ipo eremicus de Baja Cal i forn ia ; m ientras que es pos i b le que
las formas de las i s las orientales (ca l laras, erem icus , z i buronens is ) y s tepham

’

procedan respec

t ivamente del t ipo erem icus y de l t ipo boy le i . Las caracteristicas morfolé g icas evidenci an nu flujo
importante de genes de una s i s las a o tras y entre éstas y t ierra firme duran te el perido de forma

c ion de d ichas i s la s ; lo cua l sug iere que el lap so de t iempo transcurrido desde que se inicio 1a
formacion de esas i s las cons t i tuye el fac tor pr inc ipal responsab le de la d ivergenc ia encon trada en

las poblac iones insulares .
La tendenc ia o curso emla evolucion de c ierto s carac tere s emlos Peromyscus del Gol fo sug i ere

que es truc turas comp lejas pueden resul tar s implemente de las cond iciones de los organo s sexuales
ex terno s y la denticion,

y que los cromo somas acrocéntr icos derivan de una cond i c ion b i furcada .

Los da tos obten i do s ind ican que el subgenero H ap lomy lomy s, que inc luye las e species tipo
erem icus, con tiene los m iembro s prim i t ivos del genero .

The eco log ic and geograph ic characteri stics of i s land s make them particu lar ly sui ted
for studies concern i ng di fferen tia t ion and adaptat ion i n na tura l popu la tion s . In genera l ,
c l im a t ic s tab i l i ty , decrea sed eco log ic d i ver s i ty , and i n crea sed i so la t ion d i s t i ngu i sh
i s lands from ma i n land areas . I n the sen se of Preston the p lan t and anima l
popu lations of an i s land form ‘

a comp lete canon ica l sy stem as a resu l t of these
pecu l iari t ies , whi le ma i n land popu la tion s represent on ly a

“ sample ”

of a more wide ly
d i stri buted and more d iverse biota . Thus , effect s of i so la t ion are more pronounced on

i s lands than on conti nen ta l area s .
I n addi t ion , i s land s presumab ly are subject to co lon iza tion by organ i sm s undergo i ng

primary radiation on con ti nen ta l area s . Thi s seems l i ke a reasonab le a ssumption , a l though
the reverse si tuat ion undoubted ly occurs to a lesser degree . Con sequen tly , i n su lar popu
lat ionsmay consti tute un ique con tro l groups i n wh ich to examine pa ttern s of evo lut ion and
d ivergence of part icu lar groups of organ i sm s .
M ice of the genus Peromyscus are wide ly d i s tri buted i n North America i n i n sular and

ma i n land si tuation s . They are nearly ubiqui tous on i s land and ma i n land area s i n and

surround i ng the Gu l f of Ca l i forn ia . No le s s t han 1 8 spec ie s of two subgenera a re

recognized there , of which ten are i s land endemics . I t appears tha t at lea st five of the seven
non-endemic Specie s were important for radia tion of the group onto the i s lands of the Gu l f.
The fo l lowing account i s an a s se ssment of the morpholog ic ,

serolog ic , and karyo log ic
d ivergence of the i s land popu lat ions of Peromyscus re la t i ve to one another and to tho se on
the ma i n land of Baja Ca l i forn ia to the we st and Sonora ,

Mexico
,
to the ea st .

The geograph ic area of study con si st s of the northern group of Gu l f i s lands (F ig s . 1
and These i s land s form an i rregu lar cha i n from one s ide of the Gu l f to the other , thus
afford i ng severa l poss ib le acces s routes to and from the ma i n land . I n add i tion , the cha i n i s
separable i n to . deep and sha l low-wa ter i s land s . The latter group consi sts of i s lands
(Turner, Ti buron ) occupyi ng wa ters wi thi n the 1 10 me ter depth contour, the leve l to which
the sea i s though t to have been lowered by eusta t ic change s duri ng the P le i stocene,

wherea s
the former group (San Esteban , Sa l sipuedes , the Lorenzos , and Ange l de la Guarda and

nearby i s lands) con si s ts ofr i slands tha t a tta i ned the ir presen t configurat ion as long ago as

Pl iocene (Anderson , Thus , certa i n of the i s land s are chrono log ica l ly much younger
than others by virtue of the ir re la ti ve ly recent separa t ion from the ma i n land .

One would expect a grea ter degree of morpho log ica l and genet ic d i fferentiation i n
peromysc ines i nhabi t ing di stant and deep-wa ter i s lands as a re su l t of more effect i ve
i so lation than in those mice on i s lands i n c lose prox im i ty to the ma i n land and i n sha l low
water . The la tter i s land s cou ld be subjected to repea ted i nvasions by m ice from ma i n land
populations , resu l t i ng i n suppres s ion o f morpho log ica l or genetic di fferences tha t migh t
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Figure 2 . Map of the nor thern i sland s of the Gul f of Ca l i fornia , Mex ico , and adjacent ma inland area s enla rgedfrom the inser t in Fig . I.

thorough ly documented . Current ly popu lat ions of five spec ies are recogn ized , a ll of which
are i nc luded i n the subgenus Hap lomy lomys and are considered c lose ly re la ted to P
erem icus :

P . erem icus t iburonens is (Mearn s , I s la Ti buron
P . co lla tus Burt , 1932; I s la Turner I . Da t i l)
P . s tephani Townsend , 19 12; I s la San E steban
P . g uard ia guard ia Townsend , 19 12; I s la A nge l de la Guarda
P . g uard ia mej i d e Burt , 1932; I s la Mej ia
P . guard ia ha rb ison i Bank s , 1967 ; I sla Gran i to
P . in terp ar ie ta l is in terp a r ieta l is Burt , 1932; I s la San Lorenzo Sur
P . in terp ar ie la l is lorenz o Bank s , 1967 ; I s la San Lorenzo Norte
P . in terp ar ieta l is ry ckmam

’ Bank s
,
1967 ; I s la Sa l s ipuedes

Taxonomica l ly these forms have rema i ned vi rtua l ly unchanged si nce the ir description ,
except tha t t iburonens is i s now con sidered a subspecies of erem icus (O sgood 1909 ; cf.

Mearns , and in terp ar ie ta l is i s considered Specifica l ly d i st i nct from guard ia (Bank s ,
1967 ; cf. Burt , Hooper and Musser ( 1964b) have sugge sted , on the ba si s of pha l l ic
morpho logy , tha t s tep ham’

may be c lose ly re la ted to species of the subgenus Peromyscus .

MATER IALS AND METHODS
Specimens examined i n th i s s tudy were co l lected duri ng trips to the Gu l f of Ca l i fornia

and surround ing area s i n the summers of 1967 and 1968
,
and i n January

,
1969 , or were

borrowed from the fo l lowing i n st i tut ions : Ca l i forn ia Academy of Sc ience s (CAS); Dickey
Co l lection, Universi ty of Ca l i forn ia ,

Los Ange les (UCLA ); San Diego Na tura l H i story
Museum (SD); Depa rtmen t o f Zoo logy , U n i vers i ty of A r i zona (UA ) ; Museum of
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Ve rteb ra te Zoo logy , U n i ve rs i ty of Ca l i fo rn ia , Berke ley (UC ); Mu seum o f Na tura l
H i s tory , U n i ve rs i ty o f Kan sa s (KU ); Museum o f Zoo logy , U n i ve r s i ty o f M i ch iga n
(UMMZ); and the Uni ted S ta tes Na tiona l Museum (U SNM) . Both l i ve and preserved
examples of each of the i s land populat ions were obta i ned .

Except for ana ly si s of variation i n denta l pat terns , on ly adu l t wi ld-caught mice were
trea ted for purpose s of studying morpho log ic , sero log ic ,

and karyo log ic feature s . A l l age
groups were examined i n the former, a l though specimens wi th exce ssi ve tooth wea r were
omitted . Adu l t sta tus was determined accord i ng to the me thod s of Lawlor ( 1964) and
Ho l e ister Briefly , an anima l was con sidered an adul t i f there was a t lea st
modera te wear on the l i ngua l Cusps of M I

and M 2
(the M

3
genera l ly i s we l l worn a t th i s

age ), and i f the specimen was i n advanced pe lage . Specimens examined for
sero log ic and karyo log ic propert ie s were considered adu l t a fter re ten tion in the laboratory
for a t lea st two month s .
I n osteo log ica l con sidera tion s I dea l t wi th quanti ta t i ve and qua l i tat i ve mea sures of

crania l and other ske le ta l fea tures . Mea surements , i n m i l l imeters , were taken wi th d ia l
ca l ipers . Post-cran ia l fea tures were examined from who le ske letons except tha t the number
of cauda l vertebrae was determined from X-rays . The la t ter techn ique prov ides an accura te
mean s of counti ng vertebrae and avoid s poten tia l error i n vertebra l coun ts of who le
ske le tons owing to vagaries of preparation . Ex terna l characters i nc lude fie ld - taken body
mea surements and pe lage fea tures .

Den ta l pa tterns were examined accord i ng to a mod ified scheme of the procedure
spec ified by Hooper L0 phs and s ty le s we re co n s i dered p re sen t on l y i f they
compri sed a prominent e lemen t of an ename l va l ley . Even so ,

con siderable variat ion
accrues i n the deve lopmen t and appearance of these structures . Varia tion i s part icularly
evident i n the shape and p lacemen t of sty le s , but no rigorous a t tempt was made to

determine homo log ie s .
Pha l l i of fre sh ly k i l led mice were extracted and fixed i n 10% forma l i n . A fter everti ng

the prepuce over the prox ima l port ion of the g lan s , the fo l lowing procedure was used for
c leari ng and sta i n i ng :

2% KOH so lut ion ca . 60 mi nutes
Al i z aren red sta i n (in 2% KOH ) 1-2 hours
Di st i l led wa ter wa sh 1 minute
So lut ion of 2 pts . HOH , 1 pt . g lyceri n ca . 24 hours
So lut ion of 1 pt . HOH , 2 pts . g lyceri n ca . 24 hours
G lyceri n permanent storage

The procedure for d ried Specimens d i ffered sl ightly . Good resul t s were obta i ned by
shorten i ng the c leari ng and s ta i n i ng t imes by about one -ha l f. Thi s reduces the chances for
s lough i ng of the epi t he l ia l layer, a common occurrence i f the g lan s was kept i n KOH
so lut ions for long periods . The rema i n i ng steps were the same .

Karyotypes were examined by means of a bone marrow techn ique (Pat ton , An

average of 10 me tapha se ce l l s was coun ted to determine the dip loid number of each
ind ividua l . The fundamenta l number Nombre Fundamenta l of M a tthey , 195 1 ) was
determined as the tota l number of autosoma l arms (exc lud i ng the sex ch romo somes) . The

system for descri bi ng the chromosomes (Patton , 1967) was as fo l lows :
Chromosome typ e A rm ra t io

Me tacentric Le s s than
Subme tacen tric to

Subte locen tric or g reater
Acrocen tric (te locentric) One arm only
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E lectrophoretic ana lyses were made accord i ng to the modified method of Sm ith ies
( 1955) used by Brown and We l ser

The taxonomic designa tion s that are app l ied be low to i s land and ma i n land popu
lat ions concerni ng character diagnoses , and the di scus sion of phylogenet ic and z oogeogra
phie re la tionsh ips tha t fo l lows , correspond to the current ly he ld taxonomy of those forms
(see above). They are used on ly to faci l i tate i n terpre tat ion by the reader ; they do not reflect
any taxonomic eva luation made prior to con struction of the phy logeny and taxonomic
conclusions .

S ta t i stics and construct ion of the dendrogram and phenograms were ca lcu lated by use
of an IBM computer at the U ni versi ty of M ichigan Computa tion Center .

MORPHOLOG IC VAR IATION
MORPHOMETR IC CHARACTERS

A tota l of 20 ex terna l and crania l d imen sions was examined . S ix of these (tota l leng th ,
leng th of ta i l , grea test leng th of skul l , zygoma tic breadth , leng th of rostrum ,

and length of
m ax i l lary toothrow) are pre sen ted i n F ig s . 3 -5 . The rema i nder a re e i t her re la t i ve l y
i nvariable or exh ib i t sim i lar geograph ic changes as the one s treated i n deta i l here .

M ice of the guard ia i s lands (Ange l de la Guarda ,
Mej ia , and Gran i to) show no

consi sten t trends of i n ter-i s land varia tion i n size , a l though significant d i fferences (P
are evident i n certa i n d imension s . However, interp ar ieta l is (I s la Sa l s ipuedes, San Lorenzo
Norte

,
and San Lorenzo Sur) exh ibi t s a trend of i ncrea si ng size i n near ly a ll dimen sion s

from Sa l s ipuedes i n the north to San Lorenzo Sur i n the south . An exception i s zygomatic
breadth , and the re la t i ve con stancy of th i s d imen sion together with the variat ion for
greatest length of sku l l g i ves in terp ar ieta l is from Sa l s ipuedes a shorter, broader-headed
appearance than i t s southern i sland counterpart s . P . s tep ham

’

(I s la San Esteban) d ifiers
from other i s land forms i n havi ng crania l d imen sion s that usua l ly average larger .

I n genera l , forms from I sla s Turner (co lla tus) and Ti buron (erem icus) were sim i lar to
ma i n land eremicus on the ba s i s of morphometric characters . O ther ma i n land popu la tions
of eremicus i n the Gu l f area do not d iffer important ly from the two samp les g i ven in Fig s .
3-5 (for example ,

see Lawlor
,
i n pre ss).

The large d ifferences i n certa i n d imensions evident between i n su lar popu lat ion s of the
same species (e . g . ,

i n in terp ar ieta l is and guard ia ) suggest that i so lation of these mice on

i s land s ha s re su l ted i n the re ten t i on of morphome tr ic d i fference s t ha t genera l l y are

e l im i na ted by h igher ra te s of ge ne flow i n con t i nen ta l popu la t i on s . For examp le ,

di fferences of significant proportion s usua l ly are not evident i n morphometric data for
ma i n land populat ion s of erem icus (Ib id )

DENTAL PATTERNS
Den ta l topography i n a l l of the i s land forms i s re lati ve ly s imp le . The ename l va l leys

between major cusps genera l ly are unobstructed except for sty le s . The most common
acce s sory tooth s truc ture s are ec tosty l i d s on the lowe r mo la rs (M 1 and M2 ) and

mesosty les on the uppers (Fig s . 6 , 7 ; Table the la tter are more variable i n frequency and
are found uncommon ly on the second mo lars . Mesolophs occur at high frequency i n the
M 1

on ly i n m ice from I slas Gran i to and San Esteban , wherea s ento lophs, me50 10 phi ds,
and ect0 10 phids were not observed i n any spec imens . A pseudomesolophi d (Hershkov
i tz , 1962) was observed i n severa l specimens of interp ar z’eta l z’s on the lower first mo lar (two

from I sla San Lorenzo Norte and four [1 from I sla San Lorenzo
Sur) . The mesoloph and mesosty le are rare ly fused . Th i s condi t ion was observed on the M
i n only two Specimen s of s tep ham’

and one of erem z
’

cus from Bah ia de los
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BAHIA DE LOS ANGELES

C F ]
,

ISLA GRANITO

L MEHA

1. ANGELDELAGUARDA

1 SALQPUEDES

1. SAN LORENZO NORTE

1. SAN LORENZO SUR

L SAN ESTEBAN

I TURNER

1. fl 8 URON

PUNTA SARGENTO

LENGTH OF SKULL ZYGOMATIC BREADTH
F igure 4 . Geograph ic var ia t ion of two cranial d imens ions of Peromyscus on northe rn i s land and ma inland areas
in and adjacent to the Gulf of Cal i fornia, Mex ico . For explanat ion of plots see Fig . 3 .

three popula tions ofg uard ia (Fig s . 6 and 7, Tab le S im i lar variation was noted i n severa l
species of Peromyscus by Hooper H i s resu l t s for erem icus correspond close ly to
those presented for popu la tion s of tha t Spec ie s here .

QUAL ITAT IVE CHARACTERS
Os teo logy . Varia tion i n osteo log ica l characters among Peromyscus common ly i s subt le ,
and di st i nct character di fferences often are d ifli cult to detect i n c lose ly re lated species . The
skul l s of six i s land and ma i n land examp le s stud ied here are i l lustra ted i n Fig . 8 . E igh t
cran ia l fea tures of taxonomic importance were d i scernib le i n the i s la nd and ma i n land
forms . Many of these features were ob served by Bank s The characters and the ir
character s tates are as fol lows :
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u : BAHIA DE LOS ANGELES

ISLA GRANITO

l. MEJIA

I. ANGEL DELA GUARDA

I. SALS IPUEDES

1. SAN LORENZO NORTE

1. SAN LORENZO SUR

1. SAN ESTEBAN

I. TURNER

1. TIBURON

PUNTA SARGENTO

LENGTH OF ROSTRUM LENGTH OF MAXILLARY
TOOTHROW

Figure 5 . Geog raph ic var ia t ion of two cranial d imens ions of Peromyscus on nor thern i sland and ma inland areas
in and adjacent to the Gulf of Cal i fornia ,

Mex ico . For explanat ion of plot s see Fig . 3 .

(1) Shap e of fronta l bone (Fig . The posterior marg i n of th i s bone i s curved
(coded 0) i n most of the i s land and ma i n land m ice , but i n certa i n popu lations (s tep han i ,
boy le i ) i t usua l ly i s sharp ly angular (coded

(I I ) Pos i t ion of nasa l bones . I n s tep hani and boy lei the na sa l s ex tend posterior ly to
or beyond the premaxi l laries (0) (Fig . whi le i n a l l o ther popu lat ion s the na sa l bones
do not reach the leve l of the poster ior ex tension of the premax i l laries ( 1) (F ig . 9A) .

(1 1 1) S hap e of p os terior marg in of nasa ls . The pos ter ior marg i n of the two nasa l
bones i s rounded or blunt ly po i n ted (0) (Fig . or squared ( 1) (Fig . 9A). Th i s character
i s variab le among mice on the ea stern Gu l f i s lands and among ma i n land populat ions of
erem icus . Squared na sa l s are part icu lar ly prominen t among the three popula t ion s of
interp ar i e ta l is .

(IV) Shap e of in terp ar ie ta l bone. M ice from popu la t ion s of guard ia exh i bi t a
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UPPER MOLARS LOWER MOLARS
M2 M2

BAHIA DE
1 1

LOS ANGELE S (21)

1 G RAN ITO (z ai

LMEJIA 115)

1 ANG EL
DE LA GUARDA (19 )

1 SALSIPUEDES (35 )

ml ms e l es mi ms e l es ml ms e l es ml ms e l es

Figure 6 . Frequencie s of sty le s (sty l ids) and lophs (10 phids) among Peromyscus on nor thern i sland an

ma inland areas in and adjacent to the Gulf of Cal i fornia ,
Mex ico . Sample s ize s are ind icated in pa renthe ses . Da t

for add i t ional ma inland populat ions are presented in Table 1 .

re lati ve ly sma l l , triangu lar i n terparie ta l bone (0) (Fig . 9B), whi le the bone i n rema inin

i n su lar forms genera l ly i s strap-shaped ( 1) (Fig . 9B
’

and

(V) La tera l bony ex tens ions of in terp ar ie ta l (Fig . Popu la tions of guard i
boy le i , and s tep ham

’

common ly have sma l l bony ex tensions of the i n terparieta l bone tha
extend outward on each side toward the squamosa l s The rema i n i ng i s land an

ma i n land popu la tion s a lmost a lways lack the se e lemen ts
(V I ) Pos i t ion of squamosa ls . P . interp ar ieta l is , s tep han i , and boy le i from I s la Sa

Pedro No lasco have re lat i ve ly flat tened sku l l s . The squamosa l bones i n these forms ar
s lan ted dorso-med ia l ly Th i s tra i t i s not eviden t (0) i n other popu la tion s examined an
the skul l s are inflated . Th i s tra i t i s i nd ica ted i n Fig . 8 by the en larged appearance of th

squamosa l s .
(V I I ) Shap e of mesop terygo id fossa . I n most i s land and ma i n land form s th

pterygoi d bones adjacent to the fos sa are stra ight (0) (Fig . 9C), but i n guard ia (Fig . 9C
'

) th
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1 SAN LORENZO
SUR (34)

ml ms e l es

1 SANEST EBAN (28 )

I TURNER 130 )

l TIBURON 136 )

PUNTA SARGEN TO (16 )

BAHIA KINO (8 )
m1 ms e l es ml ms e l es ml ms c l es ml ms a l as

Figure 7 . F requenc ies of style s (sty lids) and lophs (10 phi ds) among Peromyscus on nor thern i sland and

ma inland areas in and adjacent to the Gulf of Cal i fornia ,
Mex ico. Sample s izes are ind icated in pa renthe ses . Data

for add i t ional ma inland populat ions in Table 1 .

la tera l bony exten sion s of the i n terparie ta l , whi le those from the Lorenzo i s land group
(interp ar ieta l is) d iffer from other i s land and ma i n land forms chiefly by the squari sh
posterior marg i n of the na sa l s and the flat tened bra i nca se . The forms from I sla s Turner
(co lla tus) and Ti buron (erem icus t iburonensz’s) c lose ly resemble ma i n land eremz

’

cus i n all
fea tures .

Post-crania l ske le ton s of a ll i s land and severa l ma i n land popula tions were examined ,
but no important varia t ion in shape or po si tion of bones was eviden t . However, d i fferences
i n number of cauda l vertebrae were observed (Fig . M ice from ma i n land popula t ions
are more variable i n th i s feature than those from the i s land s . I n certa i n populations (e . g . ,

guard ia) the number of cauda l vertebrae seems to be fixed . However, sample s izes
genera l ly are sma l l , and conc lusi ve sta temen ts must awa i t add i t iona l da ta .

Pelage . Three pe lage fea tures were d i scern ib le . These characters and their character



LAWLOR: Peromyscus

EREMICUS COLLATUS INTERPARIETALIS

10 mm

GUARDIA STEPHANI BOYLEI

Figure 8 . Dor sal skull v iews of s ix example s of Peromyscus from areas in and adjacent to the nor thern pa r t of
the Gulf ofCal i fornia, Mex ico .

states are as fo l lows : (IX) exten t of tegumen tary attachmen t on the ta i l (sk i n tigh t ly
attached to underly i ng t i ssue , 0; sk i n loo se ly a ttached and ea s i ly removed , (X) ha ir i ne s s
of the ta i l (scan ti ly ha ired , 0; we l l ha ired , (X I) occurrence of gray facia l co lora t ion
(absen t , 0; present ,
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2 mm

Figure 9 . V iews of: the dorsa l aspect of the fronta l reg ion of the skull in Peromyscus in terpa r ie ta l is (A) and P .

s tepham
' interpar ie tal bone s of P . guard ia (B), P . interp ar ie ta l is and P . s tephani and m idvent ral

reg ion of the skull in P . interparr
’

e ta l is (C ) and P . guard ia For characters pe r t inent to these i llus tra tions seetext .
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NUMBER OF CAUDAL VERTEBRAE

Figure 10 . Number of caudal verteb rae in populat ions of P . erem icus and P . colla tus (A), P . boy le i and P .

step ham
’

(B), P . guard ia (C), and P . interpar ie lah
'

s (D) . Let ter des igna t ions are as follows : A I sla Angel de laGuarda ; B P . boy lei ; C I . Turner ; E 1 . San Esteban; G I . Grani to; I 1 . San Lorenzo Sur ; K Bah ia
Kino ; L Bah ia de los Angele s ; M l . Mej ia ; N 1 . San Lorenzo Nor te ; S l . Salsipuedes ; T l . T i buron.

Pe lage characters serve chiefly to di sti ngu i sh s tep ham’

and boy le i from other forms .
On ly i n s tep ham’

and boy lei i s the ta i l we l l ha ired and loose ly a ttached . Pe lage co lorat ion i s
simi lar among the i s land and ma i n land mice , except that m ice from I sla Mej ia and Presa
Obregon , where dark substrates occur, are darker than other populat ions . Few other
pe lage di fferences are found among the rema i n i ng popu la t ions , a l though certa i n popu
lat ions ma i n land erem icus) show con siderable variation i n the expres sion of gray on
the face (Table
Morp ho logy of p ha l lus . The i s land popu lat ion s exh i bi t both comp lex and s imp le
peromyscine pha l l ic types (Fig s . 1 1 and Pha l l i of specimens from I sla San Es teban
(s tep ham

'

) are comp lex and close ly resemble boy lei i n a l l features . Those of the rema i n i ng
i s land forms and ma i n land erem icus are re la ti ve ly simp le . Accoutermen ts , such as ventra l
and dorsa l lappe ts , protrus ib le t ip of g lan s , and carti lag i nous t ip of bacu lum ,

are poorly
deve loped or absen t .

Specimen s from the guard ia group of i s lands have pha l l i that are morpho log ica l ly
in termed iate be tween comp lex and s imp le type s . A protrus ib le t ip i s present but not we l l
deve loped , and dorsa l lappets and a sma l l carti lag i nous t ip a l so are presen t . Pha l l i of forms
from I slas Ti buron and Turner, and the Lorenzo i s land group (in terpar ieta l is), c lose ly
resemble ma i n land erem icus , except that pha l l i of in terp ar ie ta l z’s are larger and six of seven
interp ar i eta l z

’

s from I sla Sa l s ipuedes and one of s ix erem icus from Bah ia de los Ange les ,
Baja Ca l i fornia , have ventra l 1appe ts (see Fig . 1 1 and Table I t i s not c lear whe ther the se
structure s i n the two la tter popu la tions are homo logous , however, because the lappe t s i n
the Specimen from Bah ia de los Ange le s are separa ted from the adjacen t ti ssue by a s imple
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for erem icus , cr im
’

tus , and some popu la t ion s of man icula tus by Brown and We l ser
The mobi l i ty for the three popula t ions of in terp ar ie ta l is (ca . 94) a l so differs from

the other forms stud ied here . I n add i tion , the mobi l i ty obta i ned for a lbumin i n boy le i
and s tep ham

’

(90) does not correspond to the va lue (84) g i ven for one i nd ividua l of boy le i
by Brown and We l ser, suggesti ng tha t an a lbumin po lymorphi sm may ex i st i n that species .
Jensen (pers . comm . ) has noted po lymorph i sm s of a l bumin i n boy le i from northern
Arizona . No i n tra-popula tion varia t ion was noted i n th i s study .

A l though direct compari sons are not pos si b le ,
the posi t ion s of the a lbumin band in

interp arieta l is and g uard ia correspond favorably to den si tometer trac i ng s of th i s band
(Brand and Ryckman , 1969) except that those authors report a difference between a l bumin
of interp ar ie ta l is from I sla Sa l sipuedes and from the San Lorenzos (a mixed sample from
San Lorenzo Sur and San Lorenzo Norte). Further i nvest igation of th i s d i screpancy i s
required .

Karyology . A l l members of the genus Peromyscus so far examined have a dip loid
number of 48 chromosomes regard les s of the proport ion of acrocentrics i n the comp lement
(Hsu and Arrighi , 1966, The popu la t ion s studied here are no excep tion . There a l so i s
considerable variation between species as regards morphology of the chromosomes . The
popula tions examined here d iffer i n the fol lowi ng characters (samp le si zes g i ven in Table

(XXV) Number of autosoma l acrocen tr i cs . There are no acrocen tric chromosomes
i n merriam i , eremicus , interp arieta l is , and co lla tus most are e i ther submetacen tric or
subte locentric . P . gua rd ia has one pa ir of sma l l acrocentrics wh i le s tep ham’

and boy le i

each has 20 pa irs
(XXV I ) Morp ho logy of the X chromosome . I n mo s t popu la t ion s , i nc lud i ng

merr iami , erem icus , interp ar ie ta l is , s tep han i , boy le i , and guard ia , th i s chromosome has
unequa l arms Mo st have a large subme tacen tric X chromosome

,
but i n gua rd ia from

I sla Mej ia i t i s a large subte loce ntric . P . co lla tus has a large metacentr ic X chromo some
The morpho logy of th i s chromosome i s subject to some varia tion both loca l l y and

geograph ica l ly . For examp le ,
i n erem icus i t occasiona l ly appears a lmos t as a metacen tric

(cf . Hsu and Arrighi , wherea s i n guard ia i t varies from a submetacentr ic to

subte locen tric condi tion . A l though th i s character i s employed beyond for purposes of
a sses si ng overa l l s im i lari ty , add i tiona l data may prove i t to be unsui tab le for taxonomic
use .

(XXV I I)Morp ho logy of the Y chromosome. Th i s chromosome i s a medium-sized
acrocentric (0) i n guard ia , has unequa l arms ( 1) i n eremicus and merr iam i (medium
subte loce ntr ic), interp ar ieta l is and colla tus (medium subme tacentric), and i s a medium
metacentric i n s tep ham’

and boy le i Hsu and Arrighi (loc . c i t . ) reported tha t the one

i ndi vidua l of erem icus from I sla Ti buron they examined had a sm a l l acrocentr ic Y
chromosome . However, examinat ion of a photograph of tha t karyotype revea l s tha t th i s
chromosome i s a subte locentric accordi ng to the classificat ion used here .

The fundamenta l numbers of chromosomes i n the i s land and ma i n land forms are :
guard ia 90,

interp arie ta l is 92, co lla tus 92, eremicus 92,
merr iam i 92

,
s tep ham

‘

52
,
boy lei 52.

Karyotypes are i l lustra ted i n Figures 15 and 16 .

BREEDING
A ttempted mati ng s be tween d ifferent i s land and ma i n land forms are g i ven i n Table 3 .

The breedi ng co lony of interp ar ieta l is from I sla s Sa l s ipuedes and San Lorenzo Norte was
obta i ned i n 1967 . Con sequen t ly more ma ti ng s of those popu lation s were made . U n les s
otherwi se noted , resu l t s of cro sses i n the fo l lowing di scu ss ion refer a l so to reciproca l
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Karyotype s of P . s tephan i and P . guard ia from I sla Mej ia ; and sex ch romosomes of P . boy le i , and P .

guard ia from I sla Grani to .
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certa i n forms have the potent ia l for i n terbreed i ng i n the w i ld , close re lation sh ip of those
popu la t ions i s eviden t .
Tab le 3 . A ttemp ted mat ings of i s land and mai nland Peromyscus . Numbers in paren theses rep t esent rec iprocal cro s ses .

FEMALES
eremicus :Bah ia K inoBahia de los Angeles
T iburon

co l la tus : Turner

guard ia :Angel de la guarda
G rani toMej ia

in terpar ie ta lis :

Sa l s ipuedes
San Lorenzo Norte
San Lorenz o Sur

s tephan i :

San Es teban 2

boy lei :

San Pedro Nolasco
near Tucson

EVOLUTION OFTHE ISLAND FORM S
PHYLET IC RELAT IONSH IPS

A to ta l of 27 sero log ic, karyo log ic , osteo log ic , and other morpho log ic characters wastreated by numer ica l taxonomic method s
,
first by a phene t ic clusteri ng techn ique , and then

by the quanti ta ti ve phy le tic method (Kluge and Farri s , The fi rst step i s the
con struct ion of a Prim Network (Prim , 1957 ; Kluge ,

i n pre ss ; see a l so Edward s and Cava l l i
S forza , 1964) i n which on ly phenetic d ifferences (sensu Farri s , 1967) be tween the i s land
and ma i n land populat ions , or OTU

’

s (Operat iona l Taxonomic Un i ts ; see Soka l and
Snea th , are de termined . Two Prim Ne twork s are presented (Fig s . 17 and The
character states used to descri be the OTU ’

s are samp le means (da ta for every characterwere not avai lable for a l l indi vidua l specimen s). Di s tances be tween OTU ’

s (i n terva l leng th s)
represent the sums of character d i fference s be tween OTU ’

s . The Prim Network con nect s
the OTU

’

s with min imum tota l i n terva l leng th s . There i s no directiona l i ty impl ici t i n thenetwork , and ang les of branching even ts are arbi trary . The first ne twork (Fig . 17) i nc lude s
data deri ved from a ll but sero log ic and karyo log ic characters . The second network (Fig .

18) i nc ludes on ly those population s for which comp le te da ta were obta i ned (suffi cient data
regard ing characters of chromosome s and blood prote i n s were not ava i lable for cr ini tus).

Da ta regardi ng pha l l i for cr im
’

tus and ma i n land boy le i and blood prote i n s and
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1. San Ped ro Nolasco
1. San E ste ban (s tephani ) Presa Ob regon

1 G ran| toTucson crml tus mem am'
0 3 6

Bah ia de 10 5 Ange les
I A nge l de la Guarda

‘
boyle l mterparietahs eremlcus guardua

Figure 17 . Pr im Network computed from data der i ved from os teology , phall ic morphology , pelage , and soft
anatomy in Peromyscus on nor thern i sland and ma inland areas in and adjacent to the Gul f of Cal i fornia ,

Mex ico .

The interval leng th s repre sent unwe ighted measures of the sums of characte r d i ffe rence s between OTU ’

s. The

ne twork leng th i s
karyotypes formerriam i were obta i ned from di ff eren t popu lation s than were data for other
features i n those specie s . The ir i nclus ion i s just ified for comparat ive purposes because
the above characters are re lat i ve ly i nvariab le geograph ica l l y , and because even consid

crab le var ia t ion i n the above s t ruc ture s a l ter s on ly the i n terva l le ng t h and not the

branch ing sequences . Consequen t ly , the data are a ssumed to be represen tat i ve .

Four d i s t i nc t c lus ters are ev iden t i n each d iag ram : ( 1 ) a g roup con s i s t i ng of

popu la tion s of ma i n land erem icus and i n su lar forms from Ti buron and Turner (labe led
(2) a c luster compri sed of the three i s land populations of in terp ar ie ta l is; (3) a

group composed of the three i s land forms of guard ia ; and (4) a group cons i s ti ng of

ma i n land and i s land boy le i (Tucson and I s la San Pedro Nolasco) and the popula tion from
I sla San Esteban (s tep han i ) (labe led The popu la t ion s of cr im’

tus (Fig . 17 on ly)
and merr iami are loca ted i n termed ia te to boy le i and erem icus-l i ke forms on the network s .

The degree of phenetic sim i lari ty between the boy le i- l ike forms and the rema i n i ng
i s land and ma i n land forms c lear ly separa tes the former popu la tions from the lat ter . They
eviden t ly are d i stan tly re la ted . Without doubt , s tep ham’

exh i bi t s c lose st affini t ies to boy lez’.
To my knowledge ,

boy le i g lassel l i (I s la San Pedro No la sco) and s tep ham
’

compri se the
on ly two i s land deri vati ves of boy le i i n the Gu l f. Note the di ffere nces i n the Prim
Network s

,
e specia l ly for populat ion s of in terp ar ieta l is and eremi cus , that resu l t from the

add i tion of data on sero logy and karyo logy .

I n the quan ti tat i ve phy letic method a Wagner Diagram (Farri s , 1970) was used to
dep ict i n terva l leng th s (pa tri s t ic d i 11erences; sensu Farri s , 1967) and branchi ng even ts (Fig .

The Wagner D iagram d ifl'

ers from the Pr im Network in three ways : ( 1) each character
i s weigh ted a p r ior i by the mean va lue of the reciproca l of the i n trapopu la tion standard
deviation over a ll OTU

’

s conserva ti ve characters are more heav i ly we igh ted ; see
Farri s , 1966 ; Kluge and Farr i s

, (2) hypothet ica l i n termediates are generated to
min im ize tota l i n terva l leng th to maxim ize parsimony); and (3) a hypothet ica l
ancestor i s chosen , thus g i vi ng d irectiona l i ty to the diagram"The i n terva l s on the d iagram
represent the sums of we ighted character d i fferences between OTU ’

s .

Popu lat ion s representi ng erem icus , merr iam i , in terp a r ieta l is , co lla tus , and guard ia

were exam i ned for purpo se s of a scer ta i n i ng phy loge ne t i c re la t ion sh ip s . The se form s
exh ibi t c lose morpho log ic and zoogeograph ic sim i lari t ies and probably form a mon

1 The character standard devi ations, weighted cha racter state values, and character state values for the hypothetical
ancestor and generated intermed i ates, are fil ed wi th the Nat iona l Aux i l i ary Pub l icat ion Servi ce of the Ameri can Soci ety
for Informat ion Sc i ence , and may be ob tained by ordering NAPS Document 01267 from AS IS Nat ional Aux i l i ary
Pub l i cation Serv ice , CCM Informati on Co rp . , 909 Th i rd A ve . , New Y ork

,
N .Y . 10022, rem i tting $5 per photocop y or

$2 p er mi crofiche copy .
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inte rparie ta lis

Presa Obregon

I Turner (col la tus)

Bahia de le s Ange les
I. G rani toTucson mem amr I T iburon

1. Ange l de la Guarda

W yle '
eremi cus guard la

Figure 18 . Pr im Network computed from da ta der i ved from a l l coded characte r s (feature s in Fig . 17 plus da tafrom serology and karyology) in Peromyscus on nor thern i sland and ma inland area s in and adjacent to the Gulf
of Cal i fornia , Mex ico. The interval leng th s represent unweighted measures of the sums of character d i fferencesbe tween OTU ’

s. The ne twork leng th i s
Ophylet ic group . They are eviden t ly on ly d i stant ly re lated to boy lei , cr in i tus , and other
conti nen ta l species not studied i n deta i l here . N i neteen of the orig i na l 27 characters were
used in th i s ana ly si s . The other e ight character s (1 1 , IX ,

X
,
XV I I I

,
X IX

,
XX

,
XX I I

,
and

XX IV) serve on ly to d i st ingui sh erem z
’

cus- l i ke forms from boy le i- l i ke forms . Characters of
Peromyscus erem icus were cho sen as ancestra l for erem i cus- l i ke forms for the fo l lowing
reasons : ( 1) zoogeographica l ly , erem icus repre sents the on ly specie s of Peromyscus that i s
present on the mai n land of both sides of the Gul f, and i t seems rea sonable to a s sume that
the i s land popula tion s (excepti ng s tep hani ) resu l ted from i so lation of a m a i n land erem icus
l i ke progen i tor; and (2) the species shares the most characters i n common wi th a l l the

i n su lar forms wi th the resu l t that populat ion s of th i s species are loca ted cen tra l ly to other
s im i lar forms on the Prim Ne twork . Assuming tha t evo lut ion from a prim i ti ve ancestor
takes p lace i n more than one d irect ion i t i s rad iati ve) and a t approximate ly simi lar
rates i n major phyletic l i nes , then a popula tion (or popu la tion s) loca ted near the cen ter of
the Prim Network wou ld seem to be the best approx ima tion to the ancestra l cond i t ion i n
the absence of unequi voca l ev idence . Thus , erem icus , or more l i ke ly a progen i tor of sim i lar
character i stics , i s here con sidered the ance stra l type . Mean va lues of the character sta tes
for ma i n land popula tion s of erem icus were g i ven to the hypothetica l ance stor .

From the ava i lable data ,
i t i s not poss i b le to a scerta i n wh ich ma i n land erem icus are

most l i ke the ancestra l form ; a ll popula t ion s , and part icu larly those of P . e . erem icus ,

which occurs on the coa sta l areas surround ing the northern portion of the Gu l f, are very
sim i lar morpho log ica l ly . The c lose phenet ic sim i lari t ies of ma i n land popula tion s resul t i n
the compact c luster on the Prim Network s (Figs . 17 and On zoogeograph ic ground s,
however, i t seems l i ke ly tha t western i s land population s are deri ved from Baja Ca l i forn ian
erem icus , whereas popu la tion s on the ea stern Gu l f i s lands are probably deri ved from
Sonoran erem icus . The affi ni t ies of other mamma l s on ea s tern and we stern Gu l f i s lands
correspond close ly to ma i n land Species of the eastern and western s ides of the Gu l f,
respecti ve ly (Table S im i lar re lat ionsh ips are shown by peromyscines on other Gul f
i s lands (Lawlor, i n press), and by the amphibian s and rept i le s i n the Gul f (Soulé and S loan ,
I t i s c lear from the phylogeny presen ted i n Fig . 19 tha t , wi th the exception of

merr iam i , interp ar ieta l is and gua rd ia are the most d i vergen t of the erem icus-l i ke forms .
Popu la tion s from Ti buron (erem z

’

cus t iburonens is ) and Turner (co lla tus) are no t far
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ven tra l lappets . The evidence further i nd icates that acrocen tric chromo somes are deri ved
from b i -armed chromosomes i n Gu l f Peromyscus . I n gua rd ia , the Y chromosome and one
pa ir of autosomes are acrocentric . No other i s land or ma i n land forms s tud ied

, other than
cr ini tus (Hsu and Arrighi , boy le i , or s tep hani , have acrocen tr ic chromosomes

, and

i n the la t ter Species near ly the en tire complement of chromosomes are acrocentric (on ly the
sex chromosomes and three pa irs of autosomes are bi-armed ).

Whe ther the trends noted above are characteri stic of evo lut ionary changes of thesefea tures i n other peromyscines or i n other roden ts i s a moo t quest ion , but th i s may be the
ca se i n the deve lopment of accouterments i n the pha l lus of P . eva (Lawlor, i n press) . Thetrend s may represen t reversa l s from the norma l pa ttern of change i n Peromyscus . I n any
even t , the overwhe lm ing evidence ba sed on overa l l s im i lari ty ind ica te s that the pha l l i ,denti tion , and chromosomes of guard ia and interp ar ieta l is d id evol ve i n the above ways . I f
the a l ternat i ve hypothes i s i s i nvoked , name ly that guard ia and interp ar ieta l is are consid

ered deri vati ves of an ance stor hav i ng a comp lex pha l lus and den ti t ion and a chiefly
acrocen tric chromo some comp lemen t a cr ini tus- l i ke form ), the n convergences ofmany other characters must have occurred osteo log ic and pe lage characters ,
The la t ter seems h igh ly un l ike l y . Moreover , the probab i l i ty i s qu i te low t ha t such
convergences occurred i n all three populations of guard ia whi le i n s tephan i , which occurs i n
seeming l y s im i lar habi tat on an i s land that i s as we l l i so lated and i s of approx ima te l y thesame age , none are observed . I regard the s im i lari t ies of gua rd ia and erem icus as i nd icators
of genetic re la tionsh ip and view the deri vat ionof guard ia i n the most parsimonius manner,name ly tha t i t i s deri ved from an erem icus-l ike progen i tor .

Evidence from morphology of chromosomes and ma le acce ssory reproduct i ve struc

tures suggests tha t eremicus and close ly re lated Species may share characters tha t are
prim i ti ve for Peromyscus . Members of the subgenus Hap lomy lomys (excepti ng cr ini tus)
are the on ly species havi ng a comp lete comp lemen t of ma le acces sory reproducti ve fea tures
(Li nzey and Layne I n a ll other Specie s of the genus one or more e lemen ts are absen t
or vestig ia l . Except i n guard ia , acrocen tric chromosome s are absen t i n m ice of the
subgenus . A l though practica l ly noth i ng i s known about chromo some evo lution in Per
omyscus , particular ly i n view of the fact that Robertson ian fusion canno t be i nvoked (Hsu
and Arrighi , 1966; the data at least are not i ncon si sten t wi th the view tha t the
presence of acrocen trics i s a deri ved condi tion . Hsu and Arrighi ( 1968) pre sen ted a

hypothe t ica l phylogeny of Peromyscus that descri bes the evo lution of chromosomes as
resu l t i ng from a prim i ti ve acrocen tric cond i tion , but they noted (p . 437) tha t the phylogeny
was presen ted in that manner pri ncipa l ly for convenience , stati ng tha t chromosome
evo lut ion in Peromyscus may have occurred i n e i ther direct ion . I n forma tion on muscula
ture (R i nker, 1963) a l so supports the v iew tha t Hap lomy lomys may be a prim i ti ve
peromyscine group . Most of the condi tions of the muscu lature that Ri nker consi dered
pr im i ti ve are present i n tha t subgenus . The evidence presen ted i n th i s study suggests that
comp lexi ties of the teeth and pha l lus deri ve from simp le condi tion s and tha t acrocentric
chromosomes deri ve from a bi -armed cond i t ion , at lea st i n the Species examined . Most of
the Hap lomy lomys studied here i n exh ibi t simp le cond i tion s of those structures . The se data
and those presented above support the con ten tion of Li nzey and Layne ( 1969) tha t
Hap lomy lomys con ta i n s prim i ti ve members of the genus .

H ISTOR ICAL PERSPECT IVE
The deserts of western North America ,

wi th which the orig i n and d ivergence of P .

erem icus and re la ted forms are close ly assoc ia ted , resul ted chiefly from ra i n shadows
produced by ex tensi ve moun ta i n bui ld i ng i n tha t area beg i nn i ng i n the Tr ias sic and
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conti nui ng to the Ple i stocene (King ,
However

,
adequate cond i tio ns to support

lowland de sert forms l ike erem icus probably d id not exi st prior to the forma tion of the

North American deserts i n m id-Pl iocene (Axe lrod , Undoubted ly the se deserts were
further mod ified by g lacia l advances and re trea ts dur i ng the P le i s tocene ,

so tha t re la ti ve ly
s table de sert cond i tion s probably d id not ar i se un ti l early or midd le Ple i stocene ,

when
succe ss i ve g lacia l maxima became mi lder and i n terg lacia l period s were characterized by
increasi ng ly drier condi tions . Di sp lacement of de sert e lemen ts by the Madro-Tert iary flora

thorn-scrub) duri ng g lacia l advances i n the early Ple i stocene probab ly resu l ted i n the
separa tion of prototypes ofmerr iam i and erem i cus and accounts for the di lTerences i n the ir
habi tat preferences today (Lawlor, i n pres s) .

The hi story of the Gul f of Ca l i forn ia i s not we l l documen ted . A l though certa i n authors
Durham and A l l i son , 1960) consider the Gu l f to be as old as the C retaceous orogeny

i n North America and that i t reached i ts pre sent configurat ion by the beg i n n i ng of the

P l iocene , recent i nvestiga t ions of the southern Gu l f floor (Larson et a l . , 1968 ; Moore and

Buffi ng ton , 1968) sugge st tha t the majori ty of crusta l movement occurred si nce midd le or

la te Pl iocene . A pro to-gu l f i s i nd ica ted , however , by ear l ier P l iocene fos s i l beds located i n
northern part s of the Gu l f. I n any ca se ,

the northern deep-water i s lands i n the Gu l fmay not

have orig i nated un ti l late Pl iocene or early P le i stocene . For examp le ,
sedimentary beds of

re lat i ve ly recent depos i t ion are k nown from the Lorenzos (early P l iocene) and Ange l de la
Guarda (la te Pl iocene) (Anderson , i nd ica ti ng that the i s land s were submerged i n a
sha l low water embaymen t or sa l i ne lake at the t ime . The geo log ic re la tionsh ips of the se
i s land s to adjacen t submari ne trough s suggest s tha t the i s land s may have resu l ted part ly
from e leva t ion a long fau l t s (Shepard , Part of th i s up l i ft was probab ly Ple i stocene

The presen t separation of I s las Ti buron and Turner from the Sonoran ma i n land
was l i ke ly at ta i ned wi th the la st g lacia l retreat (cd . years ago).

P . erem icus and re lated desert forms probab ly d id not orig i na te un ti l formation of the
deserts i n m id-P l iocene . Con sequent ly , evo lut ion and rad iat ion of th i s group on ma i n land
and i s land areas has been re la t ive l y recent and no doubt has been substantia l ly affected by
d i sp laceme n t and expan s ion o f the low la nd de ser t s dur i ng the P le i s tocene . I n t h i s
connection , the sugge sted orig i n and radiat ion of the se mice corresponds c lose ly to tha t
descri bed for the l izard genus U ta (Ba l l i nger and T i nk le ,

i n pre ss).
ZOOGEOGRAPH IC RELAT IONSH IPS

Re la t ion sh ip s be tween g ua rd i a , in terp a r i e ta l is , and erem i cus are con s i s ten t w i th
Bank s’ ( 1967) conten tion that guard ia and in terp ar ie ta l is probably had separate orig i n s
from a ma i n land erem icus-l ike stock . Furthermore ,

Peromyscus has not been taken on two
i s land s (I s la Partida and Raza) tha t are loca ted be tween the two group s of i s lands
supporti ng guard ia and interp ar ie ta l is , a l though severa l peop le have co l lected on each (I
have co l lected only on I s la Partida) . Th i s sugge st s that guard ia and in terp ar ieta l is do not

repre sent i so la tes of a form o nce con ti nuous ly d i s tri buted among these i s land s , but ra ther
that they are of separa te ma i n land orig i n

The t ime i n terva l be tween i n i t ia l i so la t ion of the i s land popu lat ion s from the ma i n land
i s probab ly the pri ncipa l factor affect i ng the degree of di vergence of northern i s land forms
in the Gul f of Ca l i fornia . Thi s seems to be the ca se for the fo l lowing rea son s : ( 1)
Morpho log ica l d i vergence i s at least broad ly re lated to tempora l d i fference s i n i s land
format ion . Ange l de la Guarda and i ts sa te l l i te i s lands , the Lorenzo group of i s lands , and
San Esteban have been separated from the ma i n land for a considerab le length of t ime .

I s las Ti buron and Turner most ce rta i n ly are no o lder than late P le i stocene . P . erem icus

l ike forms on the o lder groups of i s lands (guard ia and interp ar ieta l is ) are more d ivergent
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than popu la tion s on younger i s lands (erem icus t iburonens is and co lla tus). (2) Apparent ly
gene flow i s m in ima l or absen t among i s land s and be tween i s land s and the ma i n land .

Di fferences persi s t among populat ions separa ted by very short d i stance s , and because of

hab i ta t s im i lar i t ie s and h igh popu la t ion den s i t ie s the se d i fference s probab ly are not

at tri butable to present ly exi sti ng difierent ia l se lect ion coefli cients or gene tic dri ft . For
examp le ,

i t was poi n ted out above that popu la tions from I s la s San Lorenzo Sur and San
Lorenzo Norte d i ffer significant ly i n many morphometric characters ; yet these
i s land s are separated by 100 yard s at most , and at low tide ha l f-submerged rock s project
above the water for a lmost the en ti re d i stance . Furthermore ,

ven tra l lappets on the pha l lus
pers i s t i n most i nd iv idua l s of in terp ar ieta l is from I sla Sa l s ipuedes , whi le th i s feature
ev ident ly i s absent i n other nearby popu la tion s of that Species . I s la Ti buron i s separated
from the Sonoran ma i n land by as l i t t le as two mi le s and by sha l low water (on ly six meters
at certa i n p laces); yet d ifferences i n pha l l i (and perhaps i n karyotypes) are ev iden t between
the mice there and on the adjacent ma i n land Bah ia Kino); sim i lar d ifferences a l so
pe rs i s t between m ice on T i buron and those on Turner . I n g uard ia , drama t ic di fferences i n
denta l pa ttern s and morphometric characters are eviden t . I t appears tha t d i stance effects
owing to differentia l gene flow , a l though perhaps important i n ear ly co lonization and

establ i shment of the i s land popu la tion s , have been re la t i ve ly unimportant i n shapi ng
presen t characteri s tics of the i s land forms . (3) Di fferences among i s land popu la t ions
seeming ly are not exp l icable on ly i n terms of habi tat d i fferences . The northern part of the
Gu l f i s marked by overa l l flora l un i formity (Shreve and Wigg i n s , 195 1 ; Felger, I n
add it ion , xeric rocky habi ta ts are characteri stic of a ll the i s land s i nhabi ted by Peromyscus .

Tab le 4 . Zoogeograp h ic relat ions of species of mammal s on nort hern i s lands in the Gul f of Cali fornia .On ly i s land species hav ing m ainland relatives on one s i de of the Gul f are compared . No mammals o ther
than Peromyscus s tephan i and Ra t tus norweg icus are known from Is la San Es teban .

Locali ty

We s tern i sland s :
G rani toM ej iaAngel de la Guarda
Sal s ipuedes
San Lorenz o Norte
San Lorenzo Sur
Eastern i s land s :
T iburon

Turner

M a inland :
Baja Cal i fornia
Sonora

1Th i s p

o
pulation or i g inal ly was descri bed as P . p en i c i l la tus evidently is i n termed ius (Patton , pers

comm .

2Ca l led N . va r ia , but closely related to aIb r
’

guIa (Burt , 1932 )
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e l sewhere (Lawlor, i n press ; see a l so Hoffmei ster and Lee and Commissari s
The add i tiona l i nforma t ion regard i ng b lood prote i n s and karyo logy and the phenetic and

phylogenet ic re lat ion s of the two spec ies presented here support ear l ier conclusion s tha t
merr iam i , a l though morpho log ica l ly d i sti nct , exhibi ts c lose afii ni t ies to erem icus and i s
probably deri ved from a progen i tor simi lar to that Species . A l l of the above specie s are
members of the subgenus Hap lomy lomys .

P . s tephani c learl y i s a c lose re la t i ve of boy lez
'

and shou ld be p laced wi th boy le i i n the
subgenus Peromyscus . I n my view s tep hani should be reta i ned as a specie s .
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(Fig .

P . boy lei . AR IZONA : M arb le Park , Catal ina M t s . , Pima Co . 24 (UMMZ). SONORA : I sla San
Ped ro Nolasco 7 (UMMZ).

P . crim
’

tus . CAL I FORN IA : Pa iute Creek , Inyo M t s . , Inyo Co . 28 (UMMZ).
P . erem icus . BAJA CALIFORN IA : Turt1e Bay 10 (3 SD, 3 USNM, 4 UMMZ); Bar r i l 10 (SD);Bah ia de los Angeles 23 (2 SD, 1 UCLA ,

20 UMMZ); San F ranci squi to 16 (USNM); E1 Marmol 14

(CAS); San Telmo 7 (UMMZ) . CAL I FORN IA : Escond ido , San D iego Co . 2 1 (KU ) . SONORA : Puer to
Penasco 20 ( 17 SD, 3 UA); Imur i s 9 (KU ); Puer to L i be r tad 20 (2 KU , 18 SD); Punta Sargento

24 (UCLA ); Bah ia Kino 14 (2 UA, 6 KU , 6 UMMZ); Presa Obregon 13 ( 10 KU , 3 UMMZ); I slaT i buron,
45 (4 CAS , 3 KU , 1 SD, 19 UC , 6 UCLA , 12 UMMZ); I sla Turner , 37 ( 1 CAS ,

4 KU , 3 SD,
15 UCLA ,

14 UMMZ).
P . guard ia . BAJA CAL I FORN IA : I sla Ange l de la Guarda, 28 ( 1 1 SD, 10 UCLA , 7 UMMZ); I slaGrani to ,

40 (7 SD, 33 UMMZ); I sla Mej ia, 17 (5 CAS , 3 SD, 1 UCLA , 8 UMMZ).
P . interpar ieta l is . BAJA CAL I FORN IA : I sla Sa ls ipuedes , 48 ( 1 CAS , 13 SD, 34 UMMZ); I sla SanLorenzo Nor te , 4 1 ( 19 SD, 22 UMMZ); I sla San Lorenzo Sur, UA , 1 1 CAS , 16 SD, 7 UCLA , 5 UMMZ) .
P . merrr

’

am i . SONORA : Presa Obregon 20 ( 17 KU , 3 UMMZ).
P . s tep ham

’

. SONORA : I sla San Esteban, 37 (2 CAS ,
1 SD, 19 UCLA , 15 UMMZ).

The local i ty specified as “nearTucson”

for boy lei (Table 2) refers to Marble Park , Catal ina M t s . , Pima Co . ,

Ar i zona , and Mol ino Canyon,
18 mi . NE Tucson, Catal ina M t s . , Pima Co . , Ar izona . The same des ignat ion

(Table 2) formerr z
‘

ami refe rs to mi . SE San Xav ier M i s sion, Pima Co . , Ar izona .
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LAMPETRA (ENTOSPHENUS) LETHOPHAGA , NEW SPECIES ,
THE NONPARAS IT IC DER IVAT IVE OF THE PACIFIC LAMPREY

CARL L . HUBBS

ABSTRACT .
—The Pacific lamp rey , Lampe tra (En t osphenus) tr iden ta ta , i s now shown to ag ree withmost pa ras i t ic spec ies o f the Petromyzon i fo rmes in hav ing evolved into a nonpa ras i t ic der i vati ve, L . (E .)

le tIrOphaga . Al though the parasi t ic fo rm ranges wid ely , from central B aja Ca l iforn ia a round the North
Pac ific per iphe ry to southern Japan,

va rying g reatly i n adul t size , the dwar fed nonparas it ic form seems to be
confined to the cont iguous d ra inage basins of the Pi t R i ver (a Sacramento R i ver headwater ) in no rtheastern
Ca l i forn ia ,

bo th above and be low the Pi t R ive r Fal ls, and to the upper K lamath R i ver system in south
central Oregon . These two d ra inage bas ins harbo r addit iona l endemic fishes , and have certa in othe r fauna l
fea tures in common . The d istr i but ions of the th ree no npa ras i t ic lamp reys in the d ra inage basins around theNo rth Pac ifi c appea r to be complementary .

L . lethophaga contrasts rather sha rp ly wi th the dwa rfed , probably res ident types of L . tr i d en ta ta in the

Klamath system , as wel l as with the large , sea
-run populat ions . However, a spec imen from Wil low Creek in

the Lo st Ri ve r system of Oregon i s poss i bly intermediate between L . le thaphaga and the dwarf paras i t ictypes in the K lamath Ri ver system ; and a paras i t ic fo rm o f the same g roup , o f Mi l ler Lake , in a d isjunct
section of the K lamath R i ver system , is repo rted to be even mo re dwarfed than L . le thOphaga . Some
interg radation between the pa ras i t ic and nonparasi tic stocks is not excluded .

The dent i t ion of the nonparas i t ic fo rm exh ibi ts features both of reduction and of increased ind iv idual
var iat ion , probably along with some geog raph ica l d ifferentiat ion .

L i ke o ther lampreys , the new spec ies no doubt exi sts for severa l years in the larval (ammocete ) stage
befo re metamo rphosing in the autumn . The gonad s r ipen as the gut atroph ies . The dwarf adul ts after
overwinter ing appear on c i rcumstantial ev idence e i th er ( 1 ) to undergo the typ ical nup t ial metamo rphos is tospawn in the fol lowing spr ing , or (2 ) to attain matur i ty neo tenica l ly whi le reta in ing the prenupt ial state of

p igmentation and body form , and to spawn over the summer months , or even after overwinte r ing again .

There are indica t ions that lamprey spec ies are subject to reg ional diversi ty, and that some of the

spec iat ion has been of a mosa ic type .

RESUMEN .

— Se demuestra que la lamp rea del Pac ifico , Lampetra (En tosphenus) tr identa ta concuerda en su

evoluc ion con la mayo r parte de las espec ies parasi tica s de Pet romyzoni formes , produc iendo un der i vado no

parasit ico , L . (E .) lethophaga . Las formas parasi tas p resentan una amp l ia d istri buc ion geogréfica, exten
d i endose a lo largo de la zona pe r i fér ica del Pac ifico Norte , desde 1a pa rte central de Baja Cal i fo rnia hasta lazona mer id ional del Japon . Los adul tos de estas formas o frecen una gran variacron de tal las . Las formas
enanas l ibres , no parasi ticas , estén al parecer confinad as a las cuencas fluv iales cont iguas del r io Pi t (uno de
los tr i butar ios de la pa rte al ta del rio Sacramento ) en la zona no rde ste de Cal i fo rn ia , a ambos lados de las
cata ratas del rio Pi t , y en la parte al ta de l s i stema del r io K lamath en la zona centro-me r id ional de Oregon .

Es tas dos cuencas fluv i ales albergan también otro s peces endémicos , p resentando asi mismo o tras
caracterist icas faunist icas comunes . Las tres lamp rea s no paras i ticas que habitan las cuencas fluv iales que
bordean el Pac ifico Norte , p resentan a l pa recer una d istri buc ié n comp lementa r ia .

L . lethOphaga contrasta notablemente con las formas enanas , p robablemente t ipos res identes de L.

tr identa ta en la red fluv ial de l K lamath . asi como también con las espec ies de tal la g rande co r respond ientes a
poblac iones oceanicas . Sin embargo , umejempla r p rocedente de Wi llow Creek , em la red fluv ial de l rio Lost.
en Oregon, es pos i blemente una fo rma intermed ia entre L. le thophaga y los tipos parasi ticos y enanos delsi stema de l r io K lamath . Una fo rma paras i t ica de este mismo g rupo aparece en el Iago Mi ller ( secc iondisyunti va de la red fluv ial del r io K lamath ) . Se ha esta blec ido ya , que dicha forma es aun mas pequena que
L . lethophaga . Desde luego no puede exc lui rse la pos ibi l idad de que ex ista una intergraduacion entre las
poblac iones pa ras i tas y l i bres (no parasi ticas ) .

Las fo rmas l ibres p resentan var iac iones ind iv iduales de reducc ion o de incremento en la dentic ion ,

caracterist icas p robablemente relac ionadas con otras d i fe renc ias geograficas.

SAN DIEGO SOC . NAT. HIST . , TRANS . 16 125-164, 30 APR IL 197 1
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A I igual que sucede en otras lampreas , esta nueva espec ie permanece induab lemente durante var ios anos
en la fase 1arval (amoceto )antes de l legar a la metamor fosi s , que tiene lugar en e l otor

'

i o . AI madurar las
gonadas, c l tubo digesti vo se atrofia . Los adul tos enanos despues de pasar e l inv ierno , ev idenc ian cua lqu iera
de las sigu ientes c i rcunstanc ias : 1 ) que pasan la metamo rfos i s nupc ial t ip ica para asi desovar en la

pr imavera s igu iente , o 2 ) alcanzan una madurez neoten ica. es d ic ir, re tienen 1a p igmentac ion y forma del
cue rpo de la fase prenupc ia l , desovando entonces durante los meses de verano , 0 mi n mas tarde , después de
pasado cl inv ierno .

Las Observac iones obten idas ind ican que las espec ies de lampreas p resentan d i vers i dad reg i onal , y en
a lgunos caso s la espec iac ion co rresponde al t ipo de mo sa ico .

A l though I d i scovered a dwarfed , nonparas i tic der i va t i ve of the Pacific lamprey ,
Lamp etra (En tosp henus ) tr iden ta ta (Richard son) i n 1934, i n the Pi t Ri ver system of

northern Ca l i fornia and i n the upper Klamath R i ver system in southern Oregon , and

a l though i t has been d i st i ngui shed by Bond (196 1 : 14) i n key form from L . tr iden ta ta , from
the same ri ver systems , i t has not yet been a s s igned a spec i es-group name . Bond mere ly
designated i t “Klamath brook lamprey , Lamp e tra sp . With the particu lar need of mak i ng
the name and the s tatus of th i s form ava i lable for a forthcoming trea tment of the
d i stri bution , phylogeny , and taxonomy of lampreys (Hubbs and Potter , i n press), i t i s now
be lated ly made known as:

PIT-KLAMATH BROOK LAMPREY
Lampetra (Entosphenus) lethOphaga , new species

Entosp henus triden ta tus (mi sident ificat ion) . Rut ter , 1908 : 120 (ma teria l l i sted from
South Fork Pi t t R i ver” on ly) .

Lamp etra p laner i (mi si dent ificat ion) . Hubbs , 1925 : 594 (si ze of recen tly tran sformed
specimen from North Fork of Pi t t

Lamp e tra sp . Bond
, 196 1 : 14 (

“
I( lamath brook lamprey Klama th and Pi t Ri ver

systems
Holotype , U . M ich . Mus . 2 0 0 1. 130648 , and para types , UMMZ 130649 ,

from source
of Fa l l Ri ver, a tr i butary to Pi t R i ver , i n Sha sta Coun ty , Ca l i forn ia (as specified under
Loca tion 2, be low) .

Th i s species i s i l lustra ted in Figures 1 , 2 A-B
, and 6 ; i t s range and habi ta t i n Figures 3

and 4; i t s size i n Figure 8 . Figures 2 C-D
, 3 , 5 , 7, and 8 perta i n i n part or in to to to re la ted

forms .
Diagnos is . The fo l lowing diagnos i s large ly fo l lows the sequence of characters ut i l i zed by
Hubbs and Pot ter (in pres s) i n the ir ana lys i s of the lampreys of the wor ld .

A petromyz onid lamprey agree i ng wi th Lamp etra (sensu la to) i n havi ng : the ex traora l
teeth not i n regu lar a la te rows , the latera l and poster ior fi e l d s of di sc e s sen tia l ly tooth less
between circumora ls and marg i na l s , the tee th of the an terior field few and sca ttered , none
of the teeth vi l l i form

,
the supraora l marked ly d i la ted , the an ter ior circumora ls norma l ly 5 ,

the tota l anterior and la tera l ci rcumora ls usua l ly 13 , and the la tera l c ircumora ls more or

less di lated . Agree i ng wi th subgenera Lethen teron and En tosp henus i n havi ng the la tera l s
connected by the pos ter ior-circumora ls, and agree i ng wi th Entosp henus i n havi ng 4 la tera l
c i rcumora ls on each s ide , one or m ore ou ter po s ter ior c i rcumora l s o ften b ifid ,

the

supraora l o ften wi th a med ian cusp ,
the tran sverse l i ngua l lamina a lmost recti l i near and

wi th med ian cusp not strong ly en larged , and the marg i na l s and posterior c ircumora ls often
in an irregu lar fi le . Di ffer i ng from the comp lex now pa ssi ng as Lamp etra tr iden ta ta i n
be i ng nonpara si tic (not feeding or growing after the fa l l metamorphos i s , but deve lopi ng the
gonads as the gut a troph ies pr ior to spawning i n the next spri ng or summer , or even later,
and then dyi ng), and i n be i ng much reduced i n si ze a t matur i ty (less than 170 mm), and i n
some p laces (i nclud ing the type loca l i ty) breedi ng i n prenuptia l co lora tion and body form ;
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Figure 1 . Types of Lamp e tra le thophaga , from head of Fa ll R i ver , Sha sta County , Ca l i fornia (Locat ion A ,holotype , UMMZ 1 30648 , a ma ture, neoten ic male 128 mm in total leng th , in s ide v iew . B, same spec imen, in

obl ique v iew , wi th abdomina l wa ll pinned a s ide , to show enlarged , lobular test i s and atroph ic guthemorrhages . C , paratype , in ser ies UMMZ 130649, a fully mature, neotenic female 1 16 mm 10
D, same specimen, in ob l ique v iew , wi th abdom inal wall p inned a s ide , to show ce lome packed
a l igned in ala te rows .
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Figure 2 . Nup tial males of genus Lamp e tra , subgenus Entosp henus: A ,
Lamp etra le thOp hag a , OS 2856

(specimen KOOIO), 154 mm in total leng th , in s ide v iew ; from Crooked Creek , Klama th County , Oregon
(Loca t ion 1 B

, same spec imen, in ventra l v iew of head reg ion, enlarged . C , L
_

amp e tra sp . ,
seem inglyintermed iate be tween L . le thophaga and precoc ious forms of L . tr iden ta ta ; 5 10 65—144, 176 mm long , in s ide v iew ;from Wi llow Creek , tr i butary to Clear Lake Reservo i r , Modoc County , Cal i forn ia . D,

same spec imen, in ventra lview of head reg ion, enlarged ; wi th mouth pressed open .
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The water was so crystal clear that the bot tom seemed to r i se ahead . Vege tat ion compr i sed patches of
Myr iophy llum and very th ick clumps of mos s on lava rock s . The bot tom in the stream was fine gravel and sand ,wi th sca ttered lava rock s . The temperature was 1 C in the current from a Spr ing and C in the r i ver , when
the a ir temperature was C . The collect ion (M34- 135) was made by Car l L. Hubbs and fami ly on August 17,
1934, us ing 4-foot and 6-foot Common Sense woven-meshed se ines . One full-grown ammocete and 3 trans formed
adult s came from weeds in the ri ver ; one adult was in muddy sand a long the bank ; the other s , a ll adults , weret aken under fla t stones lying on clean, coarse gravel in the current from a la tera l spr ing , most ly from under one
s tone where ,

when the stone was first turned , they looked l i ke a breed ing pod .

The specimens taken at th i s sta t ion are the only ones des ignated as type s . The holotype (UMMZ
128 mm in to ta l leng th , i s a mature male (Figures lA—B) . The paratypes (UMMZ 130649) compr i se one male
ammoce te 130 mm long , 4 males and 5 females , near ly to qu i te r ipe , 1 16—142 mm long , and one male that was
taken par tly decayed , wi th in the same size range . A fully ma ture female, the smalles t spec imen, i s i llus trated
(Figures lC—D).

Ou the bas i s of hi s fie ld work Rut ter ( 1908 : 1 10) descr i bed Fall R i ver and the adjacent part of Pi t R i ver asfollows :
The upper Pi t t R i ver , above the mouth of Fall R i ver , was nearly dry in Augus t , 1898 . The wa ter i t

conta ined was of a sl igh tly m i lky color . The rock s at the bottom were covered wi th a spongy sl ime
At Fa ll R i ver M i lls , Pi t t R i ver rece i ves Fall R i ver, a stream about 100 feet w ide and 4 feet deep, wi th as trong current , but only about 15 mi les long . Fall R i ver takes i t s ri se in two or th ree large spr ings nearDana , and flows several t imes as much wa ter as Pi t t R i ver above the i r union . The water i s clear and cool

and the bottom gravelly , mak ing an exce llent spawning stream for salmon, but difficult to a t ta in on account
of the steep rapid at i t s mouth , as well as the fall in Pi t t R i ver [see map, FigureAbove the mouth of Fa ll R i ver for a few m i les , Pi t t R i ver i s broad and deep , but wi thou t any pe rcept i ble
current . Below the mouth of Fall R i ver the character changes ent i rely . I t i s broad but shallow , very swi ft ,wi th many rapid s , and makes a rap id descent to the fa lls [3 km southwest of the mou th of Fall R i ver]. Pi t tR i ver Falls , wh ich are 65 feet h igh , are thought by many to r i val in beauty any to be seen in YosemiteValley . The midd le por t ion i s a sheer fall , but each side i s broken by ledges , so that i t i s poss i ble in h ighwa ter for fish to pass . A fish ladder has been blas ted out of the rock near the left bank , and sa lmon now go

over the fa lls in cons iderab le number s .
The falls do not del im i t the di str i but ion of Lamp etra le thophaga (nor of the endemic Co t tus p i tens is Ba i ley

and Bond , 1963 : 20—25, figs . 1d , 3b , 4d) in the Pi t R i ver system , but other Pi t R i ver endemics , Ca tos tomus

m i crops Rut ter ( 1908 : 120—12 1 , fig . D), Co t tus asp err z
’

mus , and C . macrOps do appear to occur only above these
falls .

3 . Lower Ha t Creek , below H ighway 299 bridge , over a stretch of about 6 km , above Lake Br i t ton (ah
art ificia l ly ponded sect ion of Pi t R i ver), in nor theas tern Shasta County ; al t i tude ca . 850 m. Ou October 4, 1968 ,lampreys by good fortune were taken and presery ed dur ing a mass i ve poi soning by the Cal i fornia Depar tment ofFi sh and Game, for the removal of “ rough ” fish, presumably in the hope of controll ing predat ion on and

compet i t ion wi th the favored gamefish . Dr . Roger A . Barnhar t , Leader of the Cal i fornia Coopera t i ve Fi sheryUni t a t Humboldt S tate College , who par t icipated in the operat ion, preserved the fine ser ies of spec imens that he
has made ava i lable for the present study . Dr . Barnhar t repor ted (pers . comm . , 1970) that “ the lamprey turned out
to be qu i te numerous in th i s sect ion of Hat Creek . We turned up 2—3 brook lampreys in our fall electrofishing
census las t fall so apparently we d id not obta in a complete k i ll of lamprey (aga in by good for tune) .

The collect ion furni shed by Dr . Barnhar t compr i ses 2 ammocetes 9 1 and 144 mm and 107 trans former s 134
199 mm long , of wh ich 12 trans former s (8 10 7 1—8) are reta ined at Scr ipps Ins t i tut ion . N ine other spec imens (2
ammoce tes 56 and 9 1 mm long and 7 trans former s 146—178 mm long ; CAS 1339 1) were collected by Leonard 0 .

Figure 3 . Natura l lakes and streams of the ent i re Pi t R i ver dra inage ba sin and the upper par t of Klama th R i versystem , showing a l l known Loca t ions , numbered 1- 1 1 , for the nonparas i t ic Lamp etra le th0phaga ; also somewater s inhabi ted by para s i t ic forms of the same subgenus in the K lamath basin . The collect ion s tat ions for
samples of the precoc ious stocks o f L. lr iden ta ta ut i l i zed in th i s repor t are shown at A , for Shasta R i ver nearjunct ion wi th Klama th R i ver ; B, for K lamath R i ver at Klamathon; and C , for the Copco Lake impoundment ofK lama th R i ver . S hown also are nearby wa ter s of cont iguous d ra inage ba s ins . Two of the larges t of the manymar shes in the area are K lamath Mar sh (KM ) and Sycan M ar sh (SM) .

Map based large ly on the Uni ted S ta tes Geolog ical Survey s ta te maps of Oregon and Cal i fornia
and on the following Na t ional Topograph ic Maps of the ser ies : Med ford , Crescent , K lama th Fa lls ,Weed , Alturas , and Susanv i l le ( 1955 The na tura l l im i ts of South Klamath Lake , Tule Lake (“ Rhet t Lake”

on some old maps), and Clear Lake (of the K lama th system ) and of the seldom at ta ined outle t s tage of Goose
Lake are taken chicfly from th ree o ld one-degree topograph ic sheet s K lama th , Oregon

and Altura s and Modoc Lava-Bed ,
Ca l i fornia The Map of the Lake Reg ion of Southeastern

Oregon by Snyder ( l 908a) was a lso used .
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Figure 4 . Spr ing source of Fall R i ver , in na tura lly ponded pocket of spr ings immed iately above or ig in of stream
flow (the type loca l i ty of Lamp etra lethop haga); Locat ion 2 on d i str i but ion map (Figure Photograph by Laura
C . Hubbs , Augus t 17, 1934 .

5A . Near Big Bend , collected May 3 , 1944 (no fur ther data): 7 ammocetes (CAS 52- 124 mm long ;
ova developing in larges t one .

5B . Be tween Pi t 5 Powerhouse and Pi t 5 Dam, collected June Septembe r , 1953 by Wi ll iam Row ley , Br ianCur t i s , and W . O . Cheney , of Cal i forn ia Depar tment of Fi sh and Game , by electr ic shocker : 1 ammocete (CAS
63 mm long (identi fi ca t ion presumpt i ve) .

LOCAT IONS IN KLAMATH R IVER SYSTEM , SOUTH ERN OREGON
6 . Nor th Fork of Sprague R i ver , in ea st channel , about 1 km above junct ion wi th South Fork (pr ior to

extens i ve d i srupt ion of stream cour se for i rr igat ion), just east of ea st bounda ry of K lamath Ind ian Reserva t ion,

near center of wes t border of T 36 S , R 14 E, eastern K lama th County (Sprague R i ver jo ins Wi ll iamson R i ver
Just before t ha t stream enter s Upper K lamath Lake); al t i tude ca . 1340 m . Water moderately clear (bot tomvi si bi l i ty about 1 m), shaded by _

2-m bank s , in pa sture ; some vegetat ion in patches ; temperature cool ; cur rentmoderate to swi ft ; wid th ca . 5—8 m; depth ca . m. The collect ion, M34—120b , by Car l L. Hubbs and fami ly ,
on August 9, 1934, wi th 25-foot bag se ine, conta ined one adul t ma le (UMMZ 130573 ) wi th ma tur ing test i s , wi thta i l 43 mm long (front end mi ss ing ; est imated or ig ina l to ta l leng th about 143mm ) and one ma le ammocete , 9 1mm long , secured by much strand ing of bot tom mater ial . A ssocia ted fish species were : Sa lmo ga irdner i i ,Ca tos tomus snyder i G i lber t , Rhin ichthys osculas klama thens is (Evermann and Meek ), G i la caeru lea (G i rard),
and G i la b . b ico lor .

7 . Sprague R i ver opposi te Ferguson Bu tte (in nar rows of a broad valley), km ins ide K lama th Ind ian
Reserva t ion, in T 36 S , R 13 E, K lamath County ; al t i tude ca . 1325 m . Water moderately clear (bot tom vi si bi l i ty
ca . 1 m); wa ter but tercup and other plants in dense pa tches ; bottom mostly sandy , becoming d i r ty in weeds , some
g ravel , mos tly fine, few stones ; temperature cool ; cur rent mos tly sl igh t to moderate ; wid th uni form ly ca . 12 m;
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depth to m . The collect ion, M34—12 1 , by Car l L. Hubbs and fami ly , on Augus t 10, 1934 ,
wi th a 6-foot

woven-mesh se ine , conta ined a recently trans formed ma le 145 mm long (UMMZ wi th tes t i s develop ing
and gut reduced , taken in dense vege ta t ion. A ssoc iated species were Sa lmo ga irdner i i , t '

m
'

chthys osculas

klama thens is , Gi la caerulea . Gi la b . b ico lor , and Co t tus klama thens is G i lber t .
8 . Tr i butary , near mouth , to upper cour se of Sycan R i ver (afil uent to Sprague R i ver), at Pi kes Cross ing , 3km south of Curr ier Camp, near center of T 3 3 S , R 15 E, ea stern Klamath County ; just above a major canyon inr i ver course ; al t i tude ca . 1760 m. Wa ter descr i bed as whi te, very sl igh tly turbid , odorless ; some g reen algae;bot tom of sand , coar se gravel, and stones ; C (a ir C); shore a sage hat , wi th meadow and t im be r ; currentswi ft in par t ; near ly 7 m wide in places and to m deep . The collect ion, M 39—18 , by Rober t Rush M i ller andRa lph G . M i ller , on June 27 , 1939, wi th 9-foot and 15-foot se ines , conta ined an ammoce te (UMMZ 136683 ) 132mm long , wi th small tes t i s , and an adult fema le 106 mm long ,

somewha t bobta i led , wi th near ly r ipe ova .Assoc iated spec ies , taken both in tr i butary and r i ver , were S a lmo g a irdner i i and Rhim
‘

chthys osculas klama

thens is .

9 . Sycan R i ver where i t enter s Sycan Ma r sh , at ZX Ranch , near center of T 32 S , R 14 E,
in wes tern LakeCounty ; a lt i tude ca . 1525 m . Wa ter clear , wh i t i sh-brown, odor le ss ; wi thout vege ta t ion; bo t tom of s i lt , rock s , andbrush , large ly scoured ; C (a ir wi llow th icke t s along shore , marg ining meadow ; current none to sl igh t ;wid th to 5 m in pools ; depth to m . The collect ion, M 39 17, by M i ller and M i ller , on June 26, 1939, wi th 6foot and 9-foot se ines , conta ined (UMMZ 136678) an ammocete 12 1 mm long , wi th m inute gonad , and a female

1 10 mm long ,
wi th large ova . A s soc ia ted spec ies were Ca tos tomus snyder i , Rhin ichthys oscu lus klama thens is ,

and G i la b . b ico lor .

Dr . Rober t Rush M i ller was told by per sonnel at ZX Ranch tha t the expans i ve Sycan Mar sh (SM ,
F igure 3)

had no open spr ing s and was not known to conta in fish . However, i t presumably passes fish in h igh water .
10 . Th i s collect ion, compr i s ing 2 spawning males (Corne ll Uni ver s i ty 125 and 145 mm long ,

i s
labe lled “Oregon, 5 mi . W . of Bea t ty , spr ing on S . side of road , Apr . 6 , 1942, A . H . Wr ight . Th i s places thes tat ion approx imately 3—4 km south of mid leng th of Sprague R i ver , near m id-west border of T 36 S , R 13 E,Klama th County ; a l t i tude ca . 1280 m . Dr . Wright stated (in let ter of Oc tober 1 , 1942) tha t :

In a swampy area near a small stream let west of Bea t ty , Oregon, I happened to find two clear , sandy
area s abou t five or s i x fee t deep . The swampy stre tch was so treacherous tha t someone had la id boards
across i t and as I looked in the clear areas , among the bo i l ing sand were these two lampreys . I t was avery s tr i k ing spr ing wi th a very pronounced bo i l ing sandy bot tom .

1 1 . K lamath S tate Fi sh Ha tchery , in the K lamath Ind ian Reserva t ion, on Crooked Creek , a short Spr ing-feds tream that jo ins Wood R i ver close to Agency Lake ; in Sect ion 6 of T 34 S , R 7 E, 4 km nor therly from

Tab le 1 . M a teri al of Lampe tra lethOphaga of d iff eren t s tages, arranged chrono logi call y by day
of co llecti on

No . of specimens (and length in mm ) at each s tage
M atur ing and

Ammoce tes Trans former s mature adul ts‘

—199 )

‘Maturi ty ind icated b y b ol d face typ e for nup ti al and postnup t i al stages ; by i tal ic type for very d efin i tely maturing
stages, includ ing , for the August 17 type ser ies, some fu l l y mature but not i n nup t i a l color and form ; and byroman type sing le spec imens in earli er stages .
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Klamath Agency , Klamath County ; al t i tude 1280 m. Water very clear , ar i s ing in spr ing s on ha tchery grounds ,
close to upper par t of Crooked Creek ; wi th th ick clumps of submerged vege tat ion; bot tom of sand and pumices tones , wi th a l i t tle muck m ixed wi th sand in the vegetat ion; shore g rassy wi th some wi llows , in meadow land ;C (ha tchery per sonnel repor ted v i r tually no fluctua t ion); cur rent moderate to ,

mos tly , swi ft ; wid th of rathers tra ight cour se 4—8 m; depth to m .

Th i s ecolog ical descr ipt ion i s ba sed on observa tions on August 13 , 1934 , when Car l L. Hubbs and fami ly
collected 34 ammoce tes (UMMZ 18—155 mm long , wi th a 6-foot fine-woven-mesh seine ,

by v igorouslywo r k ing t h rough th ick weed bed s , muddy-sand ba r s , e tc . None of the spec i mens showed any s ign ofmetamorphos i s , wh ich may we ll take place late in th i s very cold wa ter . The ha tchery super intendent (W . I.Howland) prov ided ev idence tha t runs of eels” do not occur in th i s or other local streams , and gave informa t ion
on the local occur rences of lampreys . Some of the larger ammoce te s show some development of ova and of test i s .I t was therefore concluded , on th i s ini t ia l contact , tha t the local lampreys are nonparas i t ic dwar fs .A ssociated wi th the ammocetes in the 1934 collect ion (M 34 in add i t ion to Sa lmo ga irdner i i and

S a l ve l inus fon t ina lr’s (Mi tchi l l) we re scu lp ins , of the K lama th co ld -wa te r endem ic spec ie s Co t tus tenu is

(Evermann and Meek ), wh ich was common . The super intendent had 3 or 4 large adult s of Ca tos tomus snyder i ,wh ich he sa id runs up Wood R i ver and Crooked Creek in ear ly spr ing . He ind ica ted tha t s ti ll larger sucker s ,wh ich from hi s descr ipt ion seemed to be Chasmis tes , run chicfly up Wi ll iamson R i ver , early in the spr ing , tospawn, and some go up Wood R i ver . Egg s of these large sucker s , he sa id , cover the bot tom near wier s across
Wi ll iamson R i ver to a depth of several inches . When they come , the trout run ceases .Dr . Car l E. Bond (per s . comm . , 1970) has rece i ved sim i lar test imony regard ing the loca l lampreys from
per sonnel of the K lama th Hatchery . He has k ind ly prov ided me wi th add i t ional spec imens (l i s ted in Table 2 as

from Locat ions 1 l B—F), taken by and for t hem at the ha tchery , in the pond s and the i r d i scharges after pass ingt h rough the pond s , wa ter i s channeled into two d i tches that run a shor t d i stance to Crooked Creek . The 13

adult s exam ined in these lot s , from Locat ions 1 1C—E, are a l l in nupt ia l or pos tnupt ial color and form (one , a

par tly spent ma le 154 mm long , the largest in 1 1 0 , i s i llustrated as Figure 2A—B) . Habi tat da ta for the collect ion
of March 20, 1970 (CEB 70—2; l i s ted in Table 2 as from Locat ion by Dr . Bond , Mr . Kan, and R ichard
Wi lmot , by sculpin net (frame net)

”

are : water clear , wi th Ranunculus , mostly a t edges and beh ind stones ;bottom of sand and fine gravel , wi th few large s tones ; temperature C ; shore of masonry or stone ; currentmoderate to slow ; wid th —5 m ; depth to m
.

.Lampreys taken in th i s collect ion were 2 ammocetes and 4
adult s ( 1 al i ve and 3 dead), but the one adul t rece i ved for study i s a r ipe male 137 mm long .

ZOOGEOGRAPH ICAL CONS IDERAT IONS
Li ke most but not a l l of the nonparas i tic forms of lampreys , L . le thap haga l i ves wi th i n

the range of i t s a ssumed paren ta l type (see d i scus sion of Li fe H i story , and Hubbs and
Pot ter, i n pre ss) . So far as known , i t i s l im i ted to the upper part s of the Pi t R i ver system of

the Sacramen to Ri ver dra i nage i n northea stern Ca l i forn ia and of the Klamath Ri ver
sy stem , adjo i n ing ,

i n sou th-cen tra l Oregon (Figure Th i s form , and/or para l le l-deri ved
nonpara s i tic types, may yet be d i scovered e l sewhere wi th i n the wide range (Figure 5) of L .

tr iden ta ta , but the on ly nonpara s i tic lampreys previous ly known to occur around the North
Pacific are the deri va ti ves of Lamp etra (Lamp etra ) ayres i i (Gun ther) i n the northea stern
Pacific dra i nages (V ladykov and Fo l let t , 1958 , occurr i ng as far sou th as the San ta
Tab le 2 . M ater ial of Lampetra Ie thophaga from K lama t h S ta te F i s h Ha tchery received fromCarl E . Bond and T ing T . Kan

Number ( to ta l leng t h , mm )
Nup ti alLoca l i t y Co l lec tor Ammocete s po s tnup t ial

—1 89 )
l

—19 1 )

lKan measured 66 add i t iona l ammocetes, as 37—205 mm in tota l length , from th i s co l lect ion, wh ich was sup
posed ly taken b y electrofish ing , and 4 , of 70—1 07 mm, coll ected at the same hatchery in August , 1949 . These
measu rements have been i nc lud ed in the si z e-frequency graph (F i gure
2Co l lect ion sheet l i sts for th i s set 2 ammocetes and 4 adu l ts ( 1 al ive and 3 d ead ) .
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i n i t iated the Japanese records of L . tr iden ta ta by l i sti ng a specimen from Y ahutugawa

(ri ver) i n the Okhotsk Sea dra i nage of Hokka i do . Nemoto ( 1955 : 69 —70) sta ted the range
of the species as the broad reg ion from the Arctic as far sou th as southern Ca l i forn ia and

down to about 35 ° N Lati tude i n the western side of the Northern Pac ific , but gave no

supporti ng documen tat ion for e i ther the Arctic or for the southwe stern l im i t , other than
the questionab le basi s of finding ,

i n the we stern North Pacific , wha les bear i ng scars
showing the tooth mark s of L . tr iden ta ta . Aoyag i however , reported the capture of
a specimen of th i s species i n cen tra l Honshu, near 36 ° N la ti tude , i n I( inugawa (ri ver) at
Atsutamura in Tochig i-ken . A further exten sion of range of the species has now come to
l igh t : Dr . 0 . Okamura has obta i ned a specimen from Y oshinogawa (r i ver) on Shi koku
I sland in southern Japan ; Tamotsu Iwa i (pers . comm . ,

1970) has Verified the ident ificat ion.

The occurrence of the nonpara si tic represen tati ve of the En tosp henus group i n the
adjacen t ba si n s of the Pi t and Klamath r i ver s i s not un ique ,

for the se stream systems
harbor a number of other endemic fishes, some of which are sympa tr ic wi th Lamp e tra
lethOphaga . Klamath endemics were descr i bed by G i lbert ( 1898) and by Evermann and

Meek One of these species , Ca tos tomus r im iculus G i l bert ( 1898 : 3) was descr i bed
from the Klama th Ri ver system on ly but i t was later found (Snyder , 1908b : 16 1) to i n habi t
a l so the Rogue Ri ver system ,

which adjo i n s the Klama th R i ver dra i nage ba si n (Figu re
i t may we l l have cros sed over the divide by some fluv i a l connection . The pecu l iari t ie s and
endemi sm of the Klamath and Pi t r i ver systems were summari zed by Hubbs and M i l ler
( 1948 : 67 Ca tos tomus m icrop s i s a Pi t endemic (Rutter , 1908 : 120- 12 1) and Co t tus

p i tens is Ba i ley and Bond ( 1963 : 20—24) i s k nown on ly from dra i nage s of the Pi t Ri ver and
the con tiguous Li t t le Sacramen to Ri ver . An addi t iona l i nd ica t ion o f residua l endemi sm in
the fish fauna of the area under consideration appears to be coming to l igh t : Behnke ( 1970 :
24 1) has referred to “

a group of previous ly unde scr i bed trout na ti ve to severa l des icca ti ng
bas i n s i n southern Oregon extendi ng to the Pi t and McC loud r i vers of northern Ca l i for
ni a .

DESCR IPT ION AND COMPAR ISONS
The specificat ions, here adopte-d , of meri st ic and morphometr ic characters , i nvo l vi ng

defini t ions and methods , are es sen t ia l l y those propo sed by Hubbs and Trautman ( 193 7 : 27
—4 3 , hgs . 1 They have been adopted a l so by Hubbs and Potter (in press) i n their
accoun t of the di str i bution , phylogeny , and taxonomy of lampreys .
Chief concern perta i n s to the designation and to the me thod of coun ti ng of the l i ngua l ,

ora l , and di sc teeth , which have been i l lustra ted for Lamp e tra (En tosp henus ) tr identa ta by
Hubbs (1947 , fig . 3 ; 1963 , fig . by V ladykov and Fo l lett ( 1958 , fig . 1 ; 1965, fig . 1 ; 1967,

fig . and by Hubbs and Potter (in pre ss , fig . Specia l po i n ts regarding the cusps on thel i ngua l laminae (one tran sverse and two long i tud i na l) and on the ora l laminae (the
supraora l and the i n fraorbi ta l) are di scussed be low , i n the description of the den ti tion .

The concept o f the c i rcum ora l row or ser ie s o f tee th propo sed by Hubbs and
Trautman , pr imari ly on the ba si s of the genera l i zed den t i tion of Ichthyomy z on , seems
qu i te appl icable to the En tosphenus group , part icu lar ly because the pos terior circumora ls

are so defini te ly a l igned wi th the latera l circumora ls, just outside the i n fraora l lamina .

Furthermore , the la tera l and poster ior circumora ls i n tergrade , through the frequen t and
un ique bicuspid structure , and often through the i ncrea s i ng d i lation outward , of one or more
of the most la tera l and most an terior of the po ster ior ci rcumora ls . A l though the a l ignmen t
of the posterior and latera l e lemen ts in a circumora l row i s c lear, the a l ignmen t and
method of coun ti ng of the an ter ior connect i ve i s comp l ica ted by the tendency of a l l the
anterior teeth i n th i s group to a l terna te (in qui ncunx), so tha t a ra ther arbi trary d i sti nction
i s i nvo l ved , as i s descr i bed be low . The a l ignmen t and nomenc la ture of the i nner di sc tee th
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championed by V ladykov and Fo l le tt con tra sts wi th the system of Hubbs and Trautm an , i n
tha t the anter ior circumora ls are trea ted as the i nner “ anteri a ls, the la tera l circumora ls as
the

“ i n ner la tera l s ” or endo la tera ls , and the po s ter ior c i rcumora ls as the i n ner
“

posteria ls .

Because den ti tion has tradi tiona l ly and r ightfu l l y been emphasized i n the systematics
of lampreys , wi th added stress by Hubbs and Trautman by V ladykov and Fo l lett

and by Hubbs and Potter (in pres s), the den ta l laminae and teeth are here trea ted
first .

DENT IT ION
Di st i ncti ve fea tures of the den ti tion of Lamp e tra lethOp haga out l i ned in the Diagnos i sseem to make c lear the re la t ion sh ips as we l l as the di st inctnes s of th i s nonparas i tic

represen ta ti ve of L. tr iden ta ta . Exh ibi ted are some fea tures of reduction and some of

i ncrea sed var iabi l i ty . Reduction (often a concomi tan t of dwarfism) i s i nd icated by the
frequen t degenera tion , or loss (Table of the med ian cusp of the supraora l (the tr icusp idsupraora l has usua l l y been empha s ized often overempha si zed as the ma i n fea ture of
the genus or subgenus En tosphenus); by the occa siona l reduc tion of i n fraora l cusps to 4 ; by
the frequen t reduct ion (Table 4) by 1 cusp on any of the four la tera l circumora ls, from the

norma l En tosp henus formu la of 2—3—3—2 (Figure and by the low number (9—1 5) of
posterior circumora ls . The number of cu3ps i n the transverse l i ngua l lamina a l so seems to
be reduced . Furthermore, the teeth tend to be reduced i n size ; the l i ngua l and ora l laminae
and ,

i n particu lar , the la tera l circumorals, are a l l les s d i lated than i n typ ica l L . tr iden ta ta ,

and the other teeth tend to be sma l ler and les s robust . I ncrea sed var iabi l i ty (common ly
associated wi th degenera t ion) i s shown stri k i ng ly by the number of cusps on the supraora l
and

,
les s certa i n ly , by the number of i n fraora l cusps (Table and , defi n i te ly , by the

number of cusps on the la tera l circumora ls (Tab le
The sma l l s i ze of L . le thop haga and the weaknes s of i ts den ti tion render cusp coun ts attimes somewha t di ffi cult . Adequate magnificat ion with strong i l lumina tion supp lemen ted

by a fi ne jet of compres sed air may be ca l led for .

A l though the fu l l deve lopmen t of the teeth i s a re lat i ve l y tran sien t feature ,
the cusps at

ear ly stages are sharp . I n fact , i t i s d ifii cult to de termine from the tee th , at pr ime
deve lopmen t , whether a specimen represen ts a parasi t ic or a nonpara si tic form . The l i ngua l
laminae a trophy first , i n concordance wi th the e l im inat ion of feeding . Of the d i sc teeth , the
outer ones , be tween the circumora ls and the marg i na l s , appear to be the first lost . The
degenera t ion of the anter ior circumora ls seems to fo l low soon ; they become unrecog
ni z ab le whi le the posterior circumora ls rema i n sufficient ly deve loped to be seen . The latera l
circumorals are among the la st to di sappear , or to fragmen t . Comp le te ly Spen t i nd i vi dua l s
reta i n very li tt le of the ir den ti tion

,
and the teeth do not seem to fuse i n to a cornified ma ss

,

as they do i n L . tr iden ta ta .

Lingua l lam inae. I n corre lation wi th the reduced size of the laminae ,
the cusp s are

sma l l often m inute , weak , and crowded . The med ian tooth of the tran sverse lami na i s
usua l ly on ly weak ly to modera te ly en larged , and i s somewha t variab le : i t i s occa s iona l ly
part ly fused wi th an adjo i n i ng cusp on e i ther s ide , and i s rare ly doubled . The tran sverse
lamina i s near l y recti l i near, wi th on ly the outer end s curved backward . The number of

cusps i n th i s lamina i s probably reduced , tota l l y on ly 12— 19 i n the 1 1 coun table laminae,

with a mean of ( 12—17 , averag i ng i n 8 from Pi t R i ver, 19 i n two from the Sycan

Ri ver , and 16 i n one from Crooked Creek ) . The coun ts for the 15 specimen s from the

Klamath Ri ver near Klamathon are higher , 2 1—27 (mean and the one from Copco
Lake has 22 . However , the coun ts for 437 macrophthalmiae of L . tr iden ta ta from the

mouth of Sha sta Ri ver, not far di s tan t , are i n termed ia te: 14—23 (mean McPha i l and

Lindsey ( 1970 : 57) descr i bed the lamina of L . tr iden ta ta as havi ng “
abou t 15—25 fine
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po in ts , the median one scarce ly larger than the others .
The cusps on the long i tudina l lamina are a l so minute and re la t i ve l y very numerous .

They were not coun ted . McPha i l and Li nd sey ( 1970 : 53) sta ted that “E . tr iden ta tus has 50

63 fine po i n ts on each long i tudina l l i ngua l too th p la te , i n con tra st to 0—26 po i n ts i n all

Lamp e tra species examined , and they regarded th i s d i s ti nction as one bas i s for the
recogn i tion of En tosp henus as a d i sti nct genus . The number of cusps no doubt var ies , and
the

“
0 coun ts presumably represen t laminae tha t have been shed , probably postnupt ia l ly .

The other ba s i s g i ven for the recogn i t ion of En tosp henus was the number and arrangemen t
of the ve lar ten tac les a fea ture (not checked by me) tha t hard ly seems of generic
significance ,

though seeming ly trenchan t on the Specie s leve l .

Figure 6 . Dent i t ion of Lamp e tra lethOphaga , from mature female para type 1 16 mm long , shown in Figures 1 C,

D; note oral papi llae as well as fimbriae ; development of b icusp id poster ior circumora ls i s ex treme in th i s
spec imen .

Ora l p la tes (Table The ora l p la te s are somewha t more de l icate and les s d i latedthan in the para si tic forms of En tosp henus .

A s no ted above , the supraora l p la te (or tooth) often fa i l s to exh ibi t the strong lytricuspid form tradi t iona l ly used to d iagnose Lamp e tra tr iden ta ta , for, i n each ri ver
system , the median tooth i s more or less reduced in s ize ,

down to a mere rud imen t , or i s
a l together mi ssi ng . B icuspid s and tr icuspi d s are about equa l i n frequency , and quadricus
pid s are occa s iona l . Thus , the supraora l-cu sp pa ttern i s much more var iable than i s usua l
i n En tOSp henus . Ordi nar i ly

,
i n L . tr iden ta ta , the too th i s tricusp id , as i t i s i n every one of

the 437macrophtha lm iae coun ted from the mouth of Sha s ta Ri ver, i n a ll 15 adu l ts from the
Klama th Ri ver, i n the one from Copco Lake , and (Mr . Ti ng T . Kan , per s . comm . , 197 1) i n
a l l 86 adu l t specimen s of the dwarf race from M i l ler Lake . I n L . lethOp haga , as a further
i ndication of var iabi l i ty , the th ird cu sp i s occa s iona l ly we l l to one s ide of the mid l ine , and
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An ter ior circumora ls . A s i n L . tr iden ta ta , the an terior ci rcumora ls are typ ica l ly
coun table as 5 , on the cr i terion tha t any an ter ior tooth i s i n terpre ted as a circumora l that
approxima te ly reaches or pa sse s beh ind the imag i nary arcua te l i ne pa s s ing through the
cen ters of the teeth of the defini te ly i nner-marg i na l row . The tendency of the an ter ior ora l
tee th to a l terna te so as to approach a qui ncunx arrangemen t renders the i nc lusion or

exclus ion of a g i ven tooth from the an ter ior-circumora l series somewha t d ifii cult and

ra ther arbi trary . Another uncerta i n ty i s i n troduced by the tendency for the an ter ior d i sc
tee th to a trophy rapi d ly i n th i s species . The coun ts recorded are 5 for 14 specimens ,
Tab le 3 . Coun t s of cusp s on ora l p la tes in Lampetra lethophaga and in K lama t h River preco
c ious popula t ions of L . tr iden ta ta

Ora l p la te
0Number o f cusp s per oral lam i na

Spec ies
Ri ver s ys tem (No . )

1 7 Mean
Local i t y (No . )

1

L . sp .

Wi llow ( 1 )
L . tr iden ta ta

K lama th (453 )
Sha s ta R . (437 )
Klamathon ( 1 5 )Copco L . ( 1 )

L . sp .

Wi l low ( 1 )
L . triden ta taK lamath (453 )

S has ta R . (43 7 )
Klamathon ( 1 5 )Copco L . ( 1 )

1Number of sp ecimens .

2V a lue for ho lotype .

doubtfu l ly 5 for 7 , 6 for 3 , and 7 for 2. The an terior circumora ls are coun ted as 5 a l so i n the
Wil low Creek Specimen of doubt fu l ident ificat ion .

La tera l c ircumora ls (Table A str i k ing fea ture of L . lethap hag a , a lready a l luded
to , i s the strong tendency for the number of cusps to decrea se by 1 i n each of the

con s i s ten t l y 4 la tera l c i rcumora ls , on each s i de ,
from the s tandard , u sua l l y a lm o s t

i nvar iable, formu la of 2—3—3—2 i n L. tr iden ta ta . The ra tio of reduced coun ts to the fu l l
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complemen t , for each of the teeth , coun ted from the fron t on each side ,
for each of the

three stream systems , i s as fo l lows :
First tooth (Pi t), (Sprague), (Crooked) .
Second tooth (Pi t), (Sprague), (Crooked) .
Th ird tooth (Pi t), 6 : 10 (Sprague), (Crooked) .
Fourth tooth (Pi t), (Sprague), (Crooked) .
The Wil low Creek specimen agrees wi th L . tr iden ta ta i n the formu la of 2—3—3- 2 .

The same formu la ,
wi th l i tt le var iat ion , ho ld s for the dwarfed , reported ly para si t ic M i l ler

Lake lamprey (Car l E . Bond and Ti ng T . Kan, pers . comm . ,

Pos ter ior circumora ls (Tab les 5, One of the dent i t iona l fea tures that most
c lear ly po i n ts to the der i va tion of L . le th0p haga from L . tr iden ta ta i s the frequen t bicuspidstructure of the more latera l of i t s pos ter ior circumora ls (Figures 6 , i nvo l v i ng teeth
occa siona l l y as far from the end as the seven th (Tab le Lamp etra tr iden ta ta i s the on ly
previous ly known lamprey of the Lamp e tra type that has such bicusp id teeth i n the
po ster ior commi ssure , and th i s tendency i s notably character i st ic of the precocious Klama th
Ri ver types that may we l l have been ancestra l to L . lethOp haga . I n fact , i n tho se type s the
Tab le 5 . Coun ts of cusp s on ind ividual pos terior c ircum oral teet h in Lamp e tra lethOphaga and

i n the K lama t h River precoc ious popula t ions of L . tr identa ta

Spec ies
Ri ver s y s tem Too th No . 1

2
Tooth No . 2

2
Too t h No . 3

2
Too th No . 4

2

Loca l i t y (No . )
1

U / B—M ean3 U / B —Mean3 U / B—Mean3 U / B—M ean3
L . lethophaga

Pi t

Sprague ( 1 0 )Crooked ( 1 8 )
To tal (48 )

L . sp .

W i l low (2 )
L . tr iden ta ta

K lam at h (906 )
Shasta R. ( 874 )
Klama thon ( 30 )Copco L . (2 ) O/ 2

Spec ies
River s y s tem (No . )

1
Too t h No . 5

2
Toot h No . 6

2 Too t h No . 7
2

Too t h No . 8
2

Local i ty (No . )
1

U / B—Meana U / B— Mean3 U / B—Mean3 U / B—M ean 3
L . Iethophaga

Pi t

Sprague ( 10 )
Crooked ( 1 8 )
To tal (48 )

L . sp .

W i l low (2 ) — l .0
'
7

L. tr iden ta taK lama th (906 )
S ha s ta R . ( 874 )
Klamathon ( 30 )Copco L . (2 )

1Number of sides counted (2 per spec imen )
2The teeth are numbered from the l ateralmost and foremost ; the n inth tooth i s b icusp id on one si d e of the one

sp ec imen from Copco Lake .

3U / B ind icates the numb er o f un i cusp i ds and b icusp ids , respect ive ly , for each g iven tooth number . The numb ers
( and the means ) are in a sense hypothet ica l , for i t is assumed for al l teeth mo re centrad than the fourth on
e ither s ide that the tooth , un less b i cus id , woul d have

.

b een un i cusp id h ad such a tooth b een p resent : the tota l
number of poster io r Ci rcumora ls may e as low as 9 i n L . le thophag a and as low as 1 5 in the Klamath R i ver
p recoc ious popu lat ions of L . t r i d en ta ta ; hence the tooth count on e ither s ide often p asses beyond the mi d l ine into
the seri es from the other si d e ; the too th numb er used assumes the arrangement o f un icusp i d s and b i cusp id s that
would have ex isted ,

had there b een as many as 9 teeth on each sid e .

‘The holotype has the outermost 2 teeth on each side b icusp id .
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perti nence), though the coun ts for the nonpara s i tic form may be s l igh tly the more var iable
and s l igh tly the lower on the average ,

because o f some low-coun t varian ts .
MYOMERES

The myomeres were coun ted , as recommended by I-Iubbs and Trautman ( 1937:
from the first segmen t tha t who l ly (or a lmost who l ly) l ies beh ind the groove around the la st
g i l l-open i ng ,

to the one whose lower poster ior ang le l ie s i n part or who l ly above the c loaca l
s l i t .

The number , for bo th ammocetes and adu l t s , has proved to be high ly var iable i n
Lamp e tra le thaphaga , wi th a suggestion of some reg iona l d i versi ty , though wi th a broad
over lap . For the three stream systems the coun t s fo l low :

Pi t Ri ver (29 specimen s): 63—69 ; mean 1 .

Sprague Ri ver 58—66 ; mean 63 . 50 i .94 .

Crooked Creek 63—73 ; mean 67 .2oi .29 .

Bond ( 196 1 : 14) gave the number for ammocetes , presumably from Crooked Creek ,
as about 65—70 . Ti ng T . Kan (pers . comm . , 1970) coun ted 63—69 (mean 65 7 1 1 16) i n
95 ammoce tes from Crooked Creek , i n part over lappi ng the specimens I have coun ted .

These numbers rough ly approxima te ,
i n mean va lue , those found for Lamp e tra

tr iden ta ta ,
i n wh ich

,
however , there i s much reg iona l var iation i n th i s character . On the

basi s of myomere coun ts Crea ser and Hubbs ( 1922: 6) erroneous ly separa ted that species
i n to two subspecies : En tOSp henus t . tr iden ta tus

” from Una la ska to the Co lumbia Ri ver ,
wi th 68 74, and E . t . c i l ia tas , from southern Oregon to southern Ca l i forn ia , wi th 57
67 myomeres . For a series from Coyote Creek in cen tra l Ca l i forn ia , however , Hubbs
( 1925 : 592) gave the range as 67 76 , and Hubbs ( 1967 : 307) l i sted 60 70 for 5 specimens
from sou thern Ca l i forn ia and from off northwestern Baja Ca l i forn ia . O ther, unpubl i shed ,
coun ts have most ly approximated 70 .

PROPORTIONAL MEASUREMENTS
The proport iona l measuremen ts (Table 8)of body part s (expressed as permi l lage of to ta l

leng th) are fa ir ly cons i sten t among the adu l t s referred to L . le thOphaga from the d iff eren t
stream systems , but are i n part somewhat d i fferent from the va lues for the dwarf Klamath
R i ver stockso f L . tr iden ta ta . Out standing ly d i ff eren t i s the s ize of the ora l d i sc ,

which , as
wou ld be expected , i s the sma l ler i n the nonpara si tic form (36—49 vs . 74 the Wi l low
Creek form (of uncerta i n spec ies) i s str ik i ng ly i n termedia te A simi lar re la tion , as to
be expected , ho ld s for the snout leng th , though wi th some over lap . Li tt le d ifference is
i nd ica ted for eye length of adu l t s

, except that the eye i s largest i n the Wi l low Creekspecimen . Length over g i l l-pores seems to average on ly s l igh tly lower i n L . le thop haga thanin the Klamath precocious s tock s ofL . tr iden ta ta ; the va lue for the Wil low Creek example i s
a bi t higher than the average for the L . tr iden ta ta ser ies . V irtua l ly the same re la tion ho ld s
for body depth , aga i n wi th much over lap . The ta i l , a l so wi th much over lap , averages longeri n the L . lethap haga than in the L . tr iden ta ta ser ies , but i s d i st i nct ly longer i n the Wil low
Creek spec imen .

Mea suremen ts o f ammoce te s and tran sformers as we l l as adu l ts of L . le thop hagai nd ica te some average on togenetic changes i n body proportions . Con si sten t di 11 erenceswith age and stage , however , are not c lear ly shown for the ta i l leng th . A s i s usua l i n
lampreys , the body depth i ncrea ses and the po i n t of grea test depth sh i fts from near the la st
g i l l- s l i t to just before the orig i n of the dorsa l fin . The di stance over the g i l l-pore ser ies i s
shorter i n the transformers and i n the adul ts than i n the ammoce tes . The eye , snout , and
length over g i l l-pores appear to average proportiona te ly larger i n adu l t s than in tran s
formers .
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I n h i s key to the lampreys of Oregon , Bond ( 196 1 : 14) en tered body rather stou t anddeep for L . 1eth0p haga (his
“
Lamp e tra sp . which wou ld suggest a con tra st wi th L .

tr iden ta ta ,
though he i nc luded no a l ternati ve for the para si tic spec ies . He had , I assume ,

adu l ts of L . [ethop haga on ly from Crooked Creek , where the mature specimen s exh ibi t
nuptia l features, wi th the body often turg id , wherea s i n genera l L . lethOp haga i s

v

much

s lenderer than the precocious popu la tion s of L . tr iden ta ta i n the Klamath Ri ver system .

O t h er co n tra s t i ng ch a rac ter s a s s ig ned b y Bon d pre sum a b l y reflec t the nup t i a l
mod ifica t ions of L . le thop haga i n Crooked Creek .

COLOR
Li fe co lors were annota ted in the fie ld on ma turi ng to ma ture adul t s , compri s i ng the

ma le and fema le type specimen s (UMMZ 130648 and 130649) from Fa l l Ri ver (Loca tion
and on one matur i ng ma le (UMMZ 130576) from Sprague Ri ver oppo si te Ferguson

But te (Location co l lected respect i ve ly on August 17 and August 10, 1934 . Three types
taken i n vege ta tion di sp layed on ly a trace of the s i lvery co lor of macrophthalmiae . They
were s laty above to br igh t bra ssy-s i l very be low . The fins were c lear waxy-ye l low . Of those
taken under a stone , the ma les seemed to approach the s i l very co lor typical of macroph

thalm iae more than did the fema le s . The one ma le from Sprague Ri ver , taken in den se
vegeta tion , was deep purp l i sh-brown above the l ighter be l ly , and showed no trace of the
si lvery pha se .

Preserved adu l t s not i n fu l l nupt ia l cond i tion , whe ther ear ly i n deve lopmen t or of

stock s tha t do not at ta i n typica l nupt ia l characters , are dusky purp l i sh over most of thesurface, becoming pa le ye l lowi sh on lower surfaces of head and trunk and on the ven tra l fin
fo ld beh i nd the anus ; the mid-dorsa l r idge i s weak ly l igh ter ; and the second dorsa l i s dusky
on the extreme base on ly . Specimen s i n fu l l nupt ia l deve lopmen t are black i sh-purp le on the
darker areas and on the basa l part of both dor sa l fins, and the reg ion about the c loaca i s
con sp icuous ly pa ler .

The cauda l fin i n adu l t s i s var iably darkened , but i s genera l ly darke st a long the edges
of the musc le ma s s and often l igh ter near the edge . I n hi gh-nupt ia l adu l t s the cauda l areabecomes very deeply pigmen ted , and i s a lmost b lack a long a basa l str ip , especia l ly on thelower s ide .

Younger ammocetes are a lmo st un i formly darkened , bare ly l igh ter be low . The cauda l
fin i s at first large ly c lear, except i n the narrow dark streak marg i n i ng the musc le ma ss ,
abou t equa l l y above and be low . Wi th i ncrea s i ng s i ze the cauda l fins grow darker ,
progressi ve ly outward , as the l igh ter marg i n become s narrow . At any stage ,

however , the
pa ler border varies much i n wid th and i n ten si ty , as does the basa l dark streak . Occa sion
a l ly , a submedian dark streak deve lops on e i ther lobe , and the dark area may be b lotched .

Transformers are ra ther even ly p igmented , and the cauda l area i s large ly dark , wi th
the pa ler border and the dusky ba sa l s treak s varying much i n wid th and i n ten si ty . Recen t ly
tran sformed specimen s contrast sharp ly wi th those of L . tr iden ta ta , i nclud ing the pre
cocious Klama th types , i n co lor, i n the same way tha t the macrophtha lmiae of L .fluvia t i l is
and L . p laner i d iffer (Hardi sty , Potter, and S turge , 1970 : 385, pl .

At a l l stages the pigment i n the cauda l fin area i s often marked a long the ax ia l l i ne by
sma l l dusky blotches , from which c lose-set and very ob l ique me lanophore fi les extend
across the muscle mas s , above and be low ,

marg i n i ng the myomeres.

A l l of the co lor features , and i n the sta ted var ia t ion , as de scr i bed above , were seen in
both ammocete and adu l t s tage s of the parasi tic stock s of the Klama th R i ver system , and

e l sewhere . Therefore ,
I fa i l to confirm any p igmen tary d ifferen tiat ion tha t may be imp l ied

in the sta temen ts , i n the key to Oregon lampreys by Bond ( 196 1 : tha t the ammocetes
of the nonparas i t ic form tha t he des ignated Lamp etra sp .

” have dark pigmen tat ion
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out l i n ing t ip of ta i l , and that the larvae of L . tr iden ta ta have a dark l i ne above and be low
t ip of ta i l .

V ladykov ( 1950, 1960) descr i bed in de ta i l sharp p igmen tary differences at various
ammocete stages between Lamp etra lamo t ten i i (Leseuer) and Petromy z on mar inas , but J

R . Nursa l l and D . G . Buchwa ld (pers . comm . , 1970) have found tha t Lamp etra lamo t ten i i

i n th i s respect agrees essen tia l ly wi th the close ly re lated para si tic L . j ap on ica .

LI FE H ISTORY TYPE
An outs tanding rea son for the i n terpre ta t ion of Lamp e tra lethop haga as a d i sti nct

species of the Entosp henus comp lex i s i ts a l ignmen t among the nonpara s i tic lampreys ,which have tradi tiona l ly been accorded specific rank .

I t i s now recogn ized that nonpara si tic forms have repea ted ly evo l ved from para s i tic
lampreys . The or ig i na l d i scovery , now we l l ana lyzed , was tha t of Lamp etra fluvia t i l is
(Li nnaeus) and L . p laner i (B loch), and a para l le l case i n vo l vi ng Pac ific forms of the
subgenus Lamp etra has been documen ted (V ladykov and Fol lett , A few para si t ic/nonpara s i t ic pairs were imp l ici t i n the revi s ion of northern lampreys by Crea ser and Hubbs
(1922) and the repea ted or ig i n of nonpara si t ic forms from parasi tic ones was defini tely
indica ted by Hubbs ( 1925) for northern lampreys i n genera l and by Hubbs and Trau tman
( 1937) for three separa te l i nes wi th i n the genus Ichthyomy z on , one of which had been
t reated ear l ier (Re ighard and Cummin s , the dua l or ig i n of nonpara s i tic forms from
one para si t ic spec ies i n th i s genus was i nd ica ted by Raney The speciat iona l a spect
of the repea ted or ig i n of nonparas i t i sm in lampreys was men tioned by Hubbs ( 1940 : 203 ;
194 1 : 188 Other au thors , i n part icu lar Zanandrea ( 195 1 1962) trea ted and

expanded on the problem of pa ired spec ie s of lamprey s . A l varez del V i l lar ( 1966)
di scovered the nonparasi tic Tetrap leurodon of Mexico , and Potter (1968 , 1970 ; Potter ,
Lanzing , and S trahan , 1968 ; Potter and S trahan , 1968) descr i bed , as a fu l l specie s , thenonpara s i tic form of the Southern Hemi sphere genus Mordac ia . Hardi sty ( 19613 , 1969) and
other s have a l so dea l t wi th th i s problem . The systematic sta tus and frequency of the

pa ired species i s be i ng di scussed by Hubb s and Pot ter (in pres s) and the bio log ica l
i n terre la t ion s are be i ng trea ted by Hardi sty , Pot ter, and S turge (in press) .
Lamp etra lethop haga para l le l s the other nonpara s i tic lampreys i n the rapi d ma turi ng of

the gonad s , wh ich a t ta i n fu l l m a tur i ty soon a fter me tam orphos i s . No , d ifli cu l ty i s
experienced i n sex i ng ei ther tran sformers or ear ly-stage adu l t s . A s u sua l in fishes the testi s
at comparab le ear l y stage s can be di sti ngu i shed from the ovary by the circumstance that i t
i s a s lenderer , th i nner, whiter, and more opaque band . The test i s of th i s lamprey was
observed to become marked ly lobu lar as i t rapid ly en larges duri ng metamorphos i s . The
pen i s at fu l l ma turi ty rema i n s sma l l (Figure 2A) . I n the ho lotype ,

the pen i s doe s not
extrude .

When Lamp e tra le thophaga was first encoun tered i n Augu st , 1934, and for a long
t ime thereafter , no doubt was fe l t regarding i t s i n terpreta tion as a nonparasi t ic specie s , the
first to be recogn ized i n En tosp henus . The di scovery of the M i l ler Lake lamprey , a

reported ly even more dwarfed yet para si tic form of the same comp lex , however , has ca l led
for a more thorough appra i sa l of the evidence for the e l im i nat ion of feeding by the adu l t s
of L . le thop haga .

Not one of the con siderable ser ies of adu l t s of L . lethOp haga , taken throughout much
of the year (Table 1) and represen ti ng a fu l l range of stages i n ma turi ty was found to
con ta i n any food i n the gu t . A few had the i n te s t i n a l wa l l darke ned by apparen t
hemorrhage and a few had lumps of some ma ter ia l i n the gut , but the se appeared to be
cysts and i ndeed one when Opened di scharged a larva l nema tode . Nor did any of the 1 14

tran sformers from Hat Creek (Location co l lected on October 4, 1968 , show sig n s of
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havi ng ea ten .

Ammoce tes longer than about 100 mm , taken May 3
—16 , June 26—27 , Augus t 13

17, September 4, and October 4—20, showed tha t ear ly stages i n the maturi ng of the

gonads are represen ted through th i s long per iod (Table Tran sformers , taken on

September 4 (one specimen) and on October 4 ( 1 14) show tha t the gonads undergo turther
ma turi ng i n that s tage : the ova i n many of these specimen s , even before the e labora tion and
corn i fi ca tion of the tee th , were es timated , by vi sua l i n spect ion , to be from one-four th to
one-ha l f fu l l s ize , and to be far fewer than i n the dwarfed para si tic form of the Klamath
system . Bare traces were observed of the postmetamorphic macroph tha lm ia stage (charac
teri z ed by much en larged eyes and s i l very color), such as i s prominen tly shown by the
para s i tic popu la tion s of L . tr iden ta ta , both dwarfed and ful l-s ized . The i ncip ien t macro
phtha lmiae of L. lethop haga con tra st wi th the typ ica l macrophtha lmiae of L . tr identa ta

just as do the correspond ing stage s of L. fluvia t i l is and L . p laner i , as we l l dep icted by
Hardi sty , Potter, and S turge ( 1970 : 385, pl .

A11 adu l t s taken from February 16 to August 17 (Table 1) have gonad s i n various
stages from ear ly to fu l l maturi ty

,
though they are ,

wi th on ly modera te over lap , sma l ler
than the tran sformers (Figure The sma l ler s ize of the adu l ts presumably resu l ted from
the actua l shr i nkage tha t i s known to occur i n lampreys duri ng tran sform ation , with , i n the
case of nonpara si tic forms , no la ter resumpt ion of growth . However , the tran sformer s and
the adu l t s d id not come from the same p lace .

Pert i nen t testimony was secured from the per sonne l of the Klama th S tate Fi sh
Hatchery on Crooked Creek (Locat ion where severa l ser ie s of th i s lamprey were
co l lected at various t imes of the year . On August 13 , 1934, the superi n tenden t of the
ha tchery in formed me tha t con siderab le numbers of sma l l lampreys abou t 5 8 i nche s long
which are removed from the screen s of the ha tchery pond s each year about June con ta i n
egg s about the s ize of Whi tefish egg s , showing through the be l l y a long a lmost the en tire
leng th of the body . He added tha t there are defini tely no run s of ee l s” i n th i s or i n other ,
nearby streams . On February 5, 1945, the la te Dr . Pau l R . Needham reported (pers .
comm . ) tha t the super i n tenden t had not seen any of the lampreys . On recen t occasion s the
ha tchery emp loyees have prov ided Dr . Car l E . Bond (pers . comm . , 1970) wi th corrobora
t i ve tes timony .

Fi sh managemen t studies on lower Hat Creek (Loca tion 3) have led Dr . Roger A .

Barnhart (pers . comm . , 1970) to conc lude tha t the lamprey of tha t stream i s a nonparas i tic
“brook form . Nor have I found any evidence of para s i tic lampreys i n the dra i nage ba s i n s
of Pi t , Sprague , or Sycan r i vers , or i n Crooked Creek , from which the ma ter ia l of
Lamp etra lethop haga was obta i ned .

SEX RAT IO
By gros s examina t ion i t was read i ly fea si ble to a scerta i n the sex ra t io of ammocetes

larger than 90 mm tota l leng th and of al l tran sformers , as we l l as the adu l t s . The sex of

some ammoce tes and a few of the tran sformers of ear l iest stage was not l i s ted un ti l a sma l l
p iece of the gonad had been tea sed apart or crushed between s l ides , so as to d i st i ngu i s h the
testicu lar tubu les from ear ly ova . For on ly two of the 1 15 tran sformers examined was any
hesi ta tion encoun tered in the sexi ng .

For a l l 187 specimens sexed , of a l l stage s , the fema le s were modera te ly outnumbered
by the ma les 87 : 100 . The ra tio of fema les per 100 ma les seems to decrease wi th the stage of
deve lopmen t : from 128 for 23 fema le and 18 ma le ammocetes longer than 90 mm , through
79 for 5 1 fema le and 64 ma le tran sformers , to 72 for 1 3 fema le and 18 ma le adu l ts . The
sign ificance of th i s ind ica ted change i n sex rat io , and i ndeed i ts va l id i ty , ca l l for further
s tudy . Marked fluctua t ions have been ind ica ted for the sex ra tio of Lamp etra p laner i
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were ma turi ng at a sma l l s ize , perhaps particu lar ly as ma le s , and were a ssuming the

nuptia l characteri stics tha t may be essen tia l ly sim i lar i n the two troph ic types .I have found other evidence of the ex i stence i n the Klamath Ri ver system of a

presumably i ndigenous and land locked loca l form (or of forms) i n termedia te i n size
between the large sea-run Lamp e tra tr iden ta ta and the endemic nonpara si tic dwarf, L .

lethop haga . I ndeed , as i s i ndicated be low , there i s reported to have been , i n M i l ler Lake , an

i so lated paras i tic form at least as sma l l as L . lethop haga .

Fi fteen matur i ng adu l t s on ly 2 14—274 mm long ,
no doubt at approxima tel y the

max imum size they wou ld have a t ta i ned , from Klama th R i ver at Klamathon, have been
studied . These specimens (SU 28783 and 35555) were co l lected at a fishery research
i n sta l lation , respect i ve ly by E . A . McGregor , i n the fa l l of 1922, and by Char les H . G i lbert
(who d ied i n They are d i sti ncti ve i n the h igh number of cusps on the tee th . I n th i s
respect they resemble a series of 374 spec imen s i n the macroph tha lm ia (ear ly-tran sforma
t ion) stage taken nearby , on February 24 to Apr i l 5 , 193 1 , i n Sha sta Ri ver at i t s junct ion
wi th the Klama th , i n wiers set acro ss the stream to ta l ly downstream sa lmon m igran ts
(Brown , Tooth and cusp coun ts taken on al l spec imen s of bo th lots are here i n
tabu la ted , a long wi th those of Lamp etra lethOp haga (Tab les 3 6) as these lot s are taken to
represen t or to approximate the ancestra l form of L . tr iden ta ta from which the nonpara

s i ti e spec ies orig i na ted . The coun ts for these two lot s of L . tr iden ta ta are i n fa ir agreemen t ,
wi th the unexp la i ned exception tha t the Klamathon ser ies y ie lded much the h igher coun ts
of bicusp id pos ter ior c ircumora l teeth . Th i s d i screpancy seems particu lar ly strange , when
i t i s noted tha t the two serie s were taken on ly about 1 1 km apart .

S tranger yet are the characters of a s i ng le specimen , even more dev ian t than tho se of
the Klama thon ser ie s . I t was taken from Copco Lake , on ly abou t 1 8 s tra igh t- l i nek i lometers farther upstream , near the Oregon sta te l i ne . Thi s specimen , CAS 25987 ,

col lected by M i l lard H . Coo ts , was adher i ng to the tongue of a sucker , Ca tos tomus

r im iculus ,
tha t had been caugh t i n a g i l l-net set overn igh t , June 3—4 , 1953 . I t i s a subadu l t

fema le ,
wi th the gut turg id wi th food and wi th the en larg i ng ova too few for the large sea

run type . I t i s 24 1 mm long , about as large as the Klamathon specimen s , and i t s permi l lage
measuremen ts are i nc luded wi th i n the'

range for the Klama thon ser ies i n Tab le 8 , but the
den t i t ion i s s harp l y d i vergen t : i n par t icu lar, the '

t o ta l number of b icu sp i d po s ter ior
circumora ls ( 16) i s h igher than i n any of the 452 other spec imen s of L . tr iden ta ta ta l l ied
(Tab le and some o ther coun ts are aberran t . The den ti tion of th i s specimen i s as fo l lows :
long i tudi na l l i ngua l cusps 29 29 58 (h igh) ; an ter ior l i ngua l cusps 12 1 13 26

(h igh); supraora l cusps 3 (norma l); i n fraora l cusps 6 (aberran t ly h igh); an ter ior circum
ora l s 5 (usua l); latera l c ircumora ls 2 3 3 2 2 3 3 2 (norma l); poster ior ci r

cumora ls 19 (very h igh) with 16 b icuspi d (abso lute ly ex treme) and on ly 3 un icuspid (next
to lowest number ; the seven th , ten th , and e leven th of the 19 teeth beg i nn i ng wi th the
anteriormost and foremost on the r igh t s ide); 2 marg i na l s on each side great l y d i la ted ; tota l
marg i na l s 57 ; tota l teeth 104 (h igh); tota l cusps 220 (except iona l l y h igh) . Ora l pap i l lae 12
l 9 22 (h igh).
The di fferences between the lampreys compr i s i ng the Sha sta Ri ver , Klama thon

, and

Copco Lake ser ie s exemp l i fy the tendency toward h ig h loca l var ia b i l i t y of re s iden t
lampreys , on a mosa ic pa ttern . Sma l l wonder tha t Lamp etra lethop haga d i sp lays someloca l d i fferences .
Add i t iona l mater ia l of the praecox type of L . tr iden ta ta from the Klama th R i ver

and other systems , particu lar l y from Goose and Klama th lake s
, are curren t ly under study

by Dr . Car l E. Bond of Oregon S tate Col lege and h i s gradua te studen t Ti ng T . Kan . More

or le ss comparable precocious ly spawning forms now referab le to L . tr iden ta ta have come to
my a tten tion from southern Ca l i forn ia (Hubbs , 1967) and northward to Vancouver I s land ,
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Br i t i sh Co lumbia . Dwar f, nonm igra tory race s have been d i scu s sed by McPha i l and

Li ndsey ( 1970 : 58 There appear to be numerous forms tha t seem to be comparable to
the races of sa lmon of diverse and di stincti ve s ize a t matur i ty (in each case just before
reproduction and death) .

Lim i ted ma teria l at hand from the dra i nage bas i n s of C lear Lake and of Lost Ri ver, i n
the Klamath system ,

may bear on the problem of pos s ib le i n tergrada t ion of paras i tic and

nonparas i tic represen tat i ves of the En tosp henus group . Th i s i s particu larl y true of a s i ng lespecimen , a postnuptia l ma le on ly 176 mm in to ta l leng th (S 10 65 1
'

44)
" tha t was co l lected

by W i l l iam
fi

Johnson and Edward J . O
’

Nei ll on May 13 , 1965 i n Wi l low Creek , tr i butary to
C lear Lake , Modoc Coun ty , Ca l i forn ia . Or ig i na l ly , as shown on the one-degree

Lava-Bed Shee t of 1892,
and on the accompanying di stri but ion map

(Figure _Wi l low Creek was the upper , southern headwa ter of Lost R i ver , of the Klamath
Ri ver upstream comp lex , but wi th an i n termitten t , presumably flood inflow i n to C lear
Lake . Curren t ly , the flow i s d irected i nto th i s lake ,

which thus has been en larged as a

reservo ir . Th i s specimen was first regarded as referab le to Lamp etra le thop haga ,
then was

though t to represen t , more l i ke ly , a grea t l y dwarfed para s i t ic race . A th ird po ss i b i l i ty ,
suggested by some recen t te st imony , i s tha t the Specimen i n que st ion i s mere l y an

exceptiona l ly dwarfed examp le of a modera te ly dwarfed residen t popu la tion . Mr . O
’

Nei l l

has i n formed me (per s . comm . , 197 1) tha t a number of lampreys 10—12 i nches long have
been taken adher i ng to crappies (Pomox is sp . ) i n Wi l low Creek , and that many of the

rough fi sh of th i s s tream have shown lamprey scars .
Ne i ther by tooth and cusp coun ts (en tered on Tab les 3—6 i n the row labe l led L . sp .

nor by other characters , have I found i t fea si b le to decide to which of these po ss i bi l i t ies th i s
Wi l low Creek fish can be a s signed . I n genera l , such po stnuptia l specimen s are often
di ffi cu lt to refer to trophic type . On compar i son wi th L . lethOp haga and the precociou s
Klama th forms of L . tr z

’

den ta ta th i s part icu lar spec imen i s con sp icuous ly i n termed iate i n
severa l respect s , as fo l lows :

The Wil low Creek specimen (Figures 2 C ,
D) i s defini te ly sma l ler than any k nown

mature para si tic adu l t from the Klamath Ri ver system , or e l sewhere (other tha n the
repre sen ta ti ve s men tioned be low of the t i ny para s i t ic form of M i l ler Lake

,
a di sjunct part

of the Klama th basi n) ; yet i s 16 mm longer than the largest tran sformed adu l t at hand of L .

[ethop haga (Figure I t i s 23 mm shor ter than the largest specimen in tran sforma tion , but
lampreys shr i nk con siderably dur i ng and just after metamorphosi s .

Part icu lar ly notab le for the troph ic i nd ica tion i s the mea suremen t of the bucca l d i sc
(Table which i s i n termedia te

,
without over lap : 64 thousandth s of the tota l leng th , vs . 36

58 (mean 47) for L . lethop haga and 74 96 (8 1) for the L . tr iden ta ta ser ies . The
corre la ted snout leng th i s a l so defi n i te ly i n termed ia te ,

but wi th s l igh t over lap . Body depthi s probab ly a l so i n termediate , but ta i l leng th and eye leng th are h igher than in e i ther type
under compar i son , and leng th over g i l l-pores i s l i ke ly a l so h igh (Table

The regu lar formu lae for the cu sps on the two ora l tee th (supraora l 3 and i n fraora l 5)
and for the four la tera l ci rcumora ls of e i ther s ide (2 3 3 2) tend to a l ign the Wil low
Creek specimen wi th the para si t ic type (Table s 3 ,

the teeth are ra ther les s
degenera te than in breeding examp les of L . le thap haga , and the median cusp on the

supraora l i s re la ti ve ly large and sharp, i n stead of be i ng reduced or absen t as i t usua l ly i s i n
the nonparas i tic form . The tota l coun t of poster ior circumora l tee th , however , seems
in termed ia te : 2 higher than any coun t for L . lethap haga and on the low side for the

para si tic lampreys from Klama th R i ver (Table
The genera l appearance of the Wi l low Creek specimen approx imates tha t of the

mature adu l t s ofL . le thop haga from Crooked Creek , “

so much so as to suggest con sangu i n i ty :
i n each the co lor i s dark

,
the en tire face i s s trong ly turg id , the who le form is robust , the
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dorsa l fins are much expanded and i n con tact , and the ir edges are minute l y frayed .

However , the sim i lari t ie s may large ly reflect a s im i lar stage i n sexua l developmen t .I n conclusion , i t doe s not seem just ified to a l ign the Wi l low Creek specimen wi th
e i ther L . lethophaga or with the Klama th R i ver precoc ious popu la t ion s of L . tr iden ta ta . I t s
genera l i n termed iacy , a long wi th some ex treme fea tures , i nd ica te i t to be a represen tat i ve
of a somewhat d i st inct loca l form .

Da ta possib ly beari ng on the uncerta i n sta tus of the Wil low Creek lamprey are

furn i shed by two spec imen s taken on June 24, 1965 by Edward J . O
’

Nei l l and James Ke i th
on the C lear Lake Na tiona l Wi ld l i fe Refuge , duri ng banding of Whi te Pe l ican s . They were
among 44 lampreys spewed up by one young pe l ican . The se may have been captured by the
parent(s) i n C lear Lake (now used as a reservo ir and a refuge), but may have come from
e l sewhere, as White Pe l icans sometimes forage many m i les from the ir rookery . Wha tever
the ir source ,

these 2 specimen s , a l though very con siderab ly damaged , seem to represen t a
s tock di fferen t from tha t of the one Wil low Creek spec imen . They are larger : one not

sexab le mea sures about 220 mm i n tota l leng th and the other , a fema le with near ly r ipe
ova , about 240 mm ,

vs . 176 mm . Permi l lage proportion s , though hard ly preci se , seem to

d iffer : ta i l leng th , 3 17 and 327 vs . 340 ; eye leng th 15 and 17 vs . 24 ; snou t leng th 73 and 86
vs . 93 . Tee th and cusps number : tran sverse l i ngua l cusps , 12 1 12 and 12 1 14

(h igher than in L . lethOphaga); cusps on supraora l 3 and on i n fraora l 5 i n each , as usua l ;
poster ior circumora ls 16, apparen tly a ll unicusp id . C lear ly these two spec imen s seem to

represen t a dwarfed popu la tion of para s i t ic lamprey , probab ly sim i lar to the precocious type
sampled from the Klama th Ri ver near Klamathon and perhaps sim i lar to the form or

forms occurr i ng i n Shas ta Ri ver and the Klama th lakes .
The most surpri s i ng circumstance

,

beari ng on the re lat ionsh ip be tween Lamp etra
lethop haga and the para s i tic forms referred to L . tr iden ta ta i s the di scovery by Dr . Car l E.

Bond of a parasi tic form indica ted as even sma l ler than L . lethop haga . Th i s form seems to
have been endemic i n the sma l l dra i nage bas i n (shown on the d i str i bution map , Figure 3) of
M i l ler Lake (named Fi sh Lake on some old maps), which basi n i s a d i sjunct , endorheic
uni t , end ing i n a marsh , at the north end of the Klama th dra i nage system . Dr . Bond has
s tated (pers . comm . , 197 1) that :

The evidence for preda t ion in the M i ller Lake lamprey i s s trong . The l i tt le bea s ts prevented thema intenance of a trout fishery in the lake . They would k i ll trout and tui chub [Gi la b icolor]and then mine
out the soft par ts , leav ing the per forated sk in and the skeleton on the bot tom . Spawned-out lampreys were
a lso devoured even on the spawning bed s . M i ller Lake i s in T 27 S , R 6 '/z E, Sect ions 1 1 14 and in a

d istrupted por t ion of the K lama th R i ver d ra inage .

The lamprey i s now ex tinct , a [tragic]vict im of a toxaphene opera t ion des igned by the Oregon S ta teCommission to erad icate i t . [h ad hoped t ha t i t had “surv i ved in the out let , M i ller Creek , but no spec imenswere taken there th rough ex tens i ve and thorough e lectrofishing by Har ry Lorz of the Oregon S tate GameCommission in 1970, many years after the ex tinct ion of the lamprey .Adul ts from the spawn ing bed s range from 72 to 129 mm , mos tly be tween 80 and 105 mm . Many of the
near-term ammoce tes and some of the non-spawning adults are longer than the spawning adul t s . Some of

the lampreys spawned in the very cold creek s tha t are tr i butary to M i ller Lake , but the major Spawning
areas were a long the lake shore .

I have though t much dur ing the past 15 year s about the s igni fi cance of the M i ller Lake lamprey as at r ans i t i ona l fo rm i n a prog re s s i on to nonpa ra s i t i c h ab i t s . The c rea tu re s we r
system wi th only the tui chub , i f indeed the chub was not planted la ter , and had adapted to the pauci tyfood by cut t ing a year or two off the i r l i ves , so tha t they metamorphosed in the fa ll and spawned in thespr ing and summer feed ing fiercely i f food were ava i lable , but not growing beyond the leng th of the
ammocoetes . Even when the Game Comm ission planted trout yea rly the lampreys d id not grow beyond therange I ment ioned a l though the trout plant s were wiped out each winter .

To me , the outs tand ing at tr i bute of th i s form i s tha t para si t i sm was not obl iga tory and tha t the
popula t ion fina l ly consi s ted of the off spr ing of ances tor s that could feed fierce ly i f prey were on hand , but
apparently could mature and spawn on a starva t ion d iet . I suspect tha t i f any na t i ve fish o ther than thelampreys were in M i ller Lake , the popula t ions were kept low by the lampreys much as in the same
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Figure 8 . Tota l-leng th measurement s of a l l material stud ied of the nonpa ras i t ic Lamp e tra le thop haga , of thespec imen (L. sp . ) of doubtful per t inence from Wi llow Creek , and of the parasi t ic , but praecox , form of L .

tr iden ta ta , from Klama th R i ver . The measurements were made to the neare st mm , but are g rouped by cm ( 10—19,
20—29, Number of Spec imens shown on ord ina te .

Hardi sty and Pot ter (in press) .
I n concordance wi th other evidence of s ize shr i nkage duri ng me tamorpho s i s

lampreys , perhaps particu lar ly i n nonparas i tic species , the moda l s ize of the transformers
seems lower than the si ze of the largest ammoce tes , which are the on ly ones that cou ld be
expected to metamorpho se . However , the ammocete s and the tran sformers were not taken
at the same loca l i ty .

I t i s probably a l so significant , and i n l i ne with expecta tion for a nonparas i t ic lamprey ,tha t the postmetamorphic, matur i ng and ma ture adu l ts of L . Ie thop haga are,
with l i tt le

over lap, sma l ler than the tran sformers of the same species , but are , to a comparable exten t ,larger t han the rece n t l y tran s formed macrOphtha lm i ae of the lower S ha s ta Creek
popu la t ion of the para si t ic L . tr iden ta ta (Figure I t has been observed for severa l
lampreys tha t growth dur i ng tran sforma tion i s nega ti ve .

I t appears (Table 1) e i ther tha t the time of breed ing i s unusua l ly var iable i n Lamp etra
lethop haga , or tha t fu l l sexua l deve lopmen t may be long de layed . Spec imen s taken in
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Crooked Creek (Loca t ion 1 1) and i n a spr i ng near Sprague R i ver (Loca tion the on ly
ones exh ibi ti ng defini te nuptia l modifi ca tion , obvious ly had spawned , or wou ld have
spawned , i n late win ter or spr i ng , for they were co l lected from February 16 to Apr i l 6
(Table The other adu l ts , at lea st some seeming ly neo ten ic (see next sect ion), were
co l lected over the summer, from June 2 to Augus t 17 . The 1 1 adu l t types , taken on August
17 at Location 2, exh ibi ted a wide varia tion i n ma tura tion , thus suggest ing pro longed
spawning unusua l ly late i n the year , or poss i b ly a partia l or even comp le te suspen sion of
sexua l deve lopmen t over the next win ter . The s ing le locat ion s from
June 2 to August 10 a l so var ied wide ly i n degree of matura t ion , further sugge sti-ng
pro longed sQawning over the summer .

The grea t d ifference between the growth pa ttern s of two res iden t types i n the Pi t
Klama th area i s that L . lethOp haga a lmo st sure ly does not grow as adu l t , wherea s the
presumably residen t , dwarfed forms of L . tr iden tata appear to doub le the ir si ze dur i ngthe ir adu l t , parasi tic l i fe even though they reach on ly abou t ha l f the leng th a tta i ned by
the larger sea-run popu la tion s of L . tr iden ta ta .

NEOTENY
Lamp e tra le thaphaga exhib i ts , apparen t ly i n some popu la tion s on ly , defini te in

d icat ions of wha t may be con sidered as neoteny , other than tha t of mere ly reproduci ng
soon after the postammocete me tamorphos i s .

The on ly specific reports of neoteny in a lamprey tha t I have found are by Zanandrea
( 1956, 1957a , 1958a ,

196 1) for the nonparas i t ic Lamp e tra z anandrea i V ladykov . (Th i s
spec ies i s regarded by Hubbs and Potter (in press) as an i so la ted member , confined to the
Po Ri ver dra i nage of I ta ly , of the subgenus Le then teron , wh ich has h i therto been regarded
as restricted to the Arctic Ocean dra i nage from Europe to North Amer ica , to the North
Pacific tr i butar ies of A s ia , and to northea stern North Amer ica . ) Zanandrea ( 196 1 : 530)
found at one loca l i ty 12 fema le ammocetes i n an advanced th ird ” ) stage of ovar ian
deve lopmen t , one of which “ showed we l l-deve loped pr i ncipa l secondary sexua l characters ,
name ly , en largemen t of the two dorsa l fins, deve lopmen t of the ana l p seudo-fin, and the

t ransparen t appearance of the body wa l l , through wh ich the egg s can be seen characters
norma l ly a ssoc iated on ly wi th adu l t s tha t are abou t to Spawn . He obta i ned at another

loca l i ty other neoten ic fema le ammocetes , cons ti tut i ng about one-fi fth of a ser ies of 22 1 i n
the larva l s tage . He suspected tha t neoteny i n each p lace may have been i nduced by tannery
pol lu tion , but a test performed to check th i s suspic ion was i nconc lus i ve .

The type of neoteny attr i buted to L . le thOp haga i nvo l ves the ma tur i ng at some
location s of apparen t ly a ll i nd i vidua l s of both sexe s i n the prenuptia l condi tion . Th i s i s
most str i k i ng l y shown by the adu l t s from Fa l l Ri ver (the type sta tion , at Loca tion They
had pa ssed through the ordinary , prejuven i le me tamorphosi s (tran sformat ion), but a l

though some are i n fu l l matur i ty (witness a fema le turg id wi th large ova Figure 1D),
none has deve loped the ordi nary nuptia l a ttri bute s : me lan i s tic p igmen ta tion and the

pr i ncipa l secondary sexua l characters” out l i ned above i n the quotat ion from Zanandrea .

These a ttr i bu tes are seen , wel l-deve loped , i n 1 3 adu l t s from Crooked Creek (Figure 2 A ,
B),

i n two ma le s from the Sprague R i ver system (Loca li ty i n the specimen of uncerta i nspecies from Wi l low Creek (Figure 2 C ,
D), and i n the 15 spec imen s , i n ear ly to la te s tages

of matur i ng ,
of the dwarfed paras i tic form (referred to L . tr iden ta ta ) from Klama th Ri ver

at Klamathon . These are the norm a l at tri butes of the nupt ia l s tage of lampreys i n genera l ,
atta i ned at what may be ca l led the second or nupt ia l metamorpho si s . Tha t tran sformat ion
seems to have been e l ided at the head of Fa l l R i ver (type loca l i ty of L . lethop haga), and i s
not eviden t i n other specimen s from the Pi t Ri ver system . Ser ie s from the Klama th R i ver
comp lex o ther than at Location s 10 and 1 1 seem to be deve lop i ng l i ke the Fal l R i ver lot
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(ma tur i ty i n prenuptia l appearance) . Therefore ,
the reten tion or e l im inat ion of the norma l

nupt ia l me tamorpho s i s does not appear to provide a sound ba si s for the sys tema tic
di st i nction of nonpara si t ic lampreys of the Klama th comp lex from the Pi t R i ver form
(typica l L . lethop haga ) .

The stocks that are neoten ic i n the sen se of deve lop i ng wi thout the usua l nupt ia l
a ttr i butes re ta i n to a very large degree , through ma tur i ty , the fea tures d i sp layed i n the la te
s tages of the ordi nary , prejuveni le metamorphos i s . The body rema i n s tr im and non-turg id ,
and pa le ; the dorsa l fins rema i n we l l separa ted , wi th at most a s l igh t connect i ng r idge , and

s tay th i n and non-turg id , low, and un fr i l led at the m arg i n ; the other fins s tay ra ther s im i lar ;
even the ana l i s genera l ly l i tt le en larged , though modera te ly en larged and turg id i n thefema le shown in Figure 1D; the c loaca l marg i n s are l i t t le swo l len ; and the preana l fin fo ld
i s scarce ly en larged .

The neoteny was notab ly eviden t at the type loca l i ty (Loca t ion where the wa ter was
co ld (summer reading s of 1 14 C), but the low tempera ture was presumab ly not afactor suppressi ng nupt ia l deve lopmen t because i n Crooked Creek (Loca t ion where
the nuptia l characters are we l l deve loped , the water was even co lder C i n Augu st) .

REG IONAL D IVERS ITY
There i s con siderab le evidence of loca l d i vers i ty i n Lamp e tra le thap haga other than

the reten tion or los s of the nupt ia l metamorpho si s , just d i scussed , but th i s observeddiversi ty does not seem to warran t specific or subspecific d i sti nction be tween the popu
lat ions of the two ma i n stream systems , or be tween popu la tion s wi th in e i ther sy stem . I n the
ana ly si s of varia tion the Crooked Creek popu lation i s con tra sted wi th the popu la t ion s
samp led from the Sprague (i nc lud ing the Sycan) R i ver sy stem , both i n the Klamath
complex .

There seems to be some reg iona l difi‘erence i n the frequency of cusp number on the
ora l p la tes (Table Los s of the med ian supraora l cusp i s les s frequent i n Fa l l Ri ver
specimen s (the on ly fu l ly adu l t ones from the Pi t R i ver system ) than in those from Crooked
Creek , but the few examp le s from the Sprague Ri ver system are i n termed ia te . Some
i ncrea se i n number of i n fraora l cusps beyond the En tOp henus standard of 5 was found i n
mater ia l from Crooked Creek and the Sprague Ri ver system , but not i n the Fa l l R i ver
specimen s .

There appear to be diff erences be tween the samp les from the three stream systems in
the frequency of reduction in cusp number on the four la tera l circumora ls from the typica l
En tosp henus pa t ter n o f 2—3—3—2 (Ta b le The fre que n cy o f b i cu sp i d po s ter i or
c ircumora ls run s h igher i n the Pi t R i ver samp le than i n the Crooked Creek specimen s ,
whether ta l l ied by ind i vidua l teeth numbered from the s ide (Table 5) or by tota l number
(Table and aga i n the specimen s from the Sprague R i ver system seem intermediate .

There may be average d ifferences i n number of trunk myomeres: lowes t i n the
Sprague Ri ver system ,

h ighest i n Crooked Creek , i n termed iate i n the Pi t R i ver system .

There are some i nd ica ted average d i 11erences i n propor t iona l measuremen ts (Tab le
In the larger ammoce te s ta i l leng th and leng th over the g i l l-pores average longest for the
Sprague Ri ver spec imen s , but on ly 2 are ava i lab le . Very s l igh t d ifferences among the

adu l t s may be re la ted to the expres sion of nuptia l fea tures i n 2 of the 5 adu l t s from the

Sprague Ri ver system and i n a l l 13 adu l t s from Crooked Creek .

The more or les s defi n i te i nd ica tion s of loca l d i vers i ty i n Lamp e tra le thop haga are

con si s ten t wi th the di fferen tiat ion , seeming ly mosa ica l ly arranged , that has been observed
among lampreys i n genera l , and among the nonpara si tic forms in part icu lar (Hubbs , 1925 :

Some ci ta tion s for the genus Lamp etra are as fo l lows : For subgenus En tosp henus
Crea ser and Hubbs , 1922: 6, 10 1 1 ; Hubbs , 1925 : 589 ; 1967 . For subgenus Le then teron



https://www.forgottenbooks.com/join


SAN D I EGO SOC I ETY OF NATURAL H ISTORY VOL . 16

bei ng i n termedia te i n some respects between L. le thOp hag a and the dwarfed "

para si t ic L.

tr iden ta ta of the Klamath Ri ver system . Mr . O
’

Nei l l a l so provided dwarfed para si ticspeci-men s from a White Pe l ican ne st on C lear Lake . Dr . Ian C . Potter , of Bath Un i versi ty
of Techno logy , i n Eng land , coauthor wi th me of the revi sion in pres s of the lampreys of thewor ld , con tr i buted many idea s and references tha t have been uti l i zed in the p resen t
research . Mr . Howard G . Sh ir ley has been pa t ien t and sk i l l fu l i n the final dra ft i ng of the

d i stri bution maps (Figures 3 and 5) and the graph of leng th mea suremen ts (Figure The

la te Dr . A lber t Hazen Wr ight of Corne l l Un iversi ty , wi th the Cooperat ion of Dr . Edward
C . Raney , m ade a va i lab le two fine adu l t spec imen s t ha t he co l lec ted , a long wi th
in format ion on the pecu l iar habi ta t .

Th i s paper i s a con tr i but ion from Scr ipps I n sti tu t ion of Oceanography , Un ivers i ty of
Ca l i forn ia , San Diego .
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Figure 1 . C lipper ton I sland and adjacent area s . Sur face cur rent s for February adapted from Sverd rup, Johnson
and Fleming Prev ious pub l i shed work s dea l ing wi th podoc0 pid and pla tyc0 pid ostracodes in the eas t
Pac ific are numbered wi th in a ci rcle in the approx ima te area of s tudy . These are ( 1 ) Benson, 1959 , (2) Benson and

Kaes ler, 1963 (3 ) Brady , 1880 , (4) Crouch , 1949 , (5 ) Har tmann, 1953 , 1957a , 1957b. 1959a . 1959b . (6) H0 1

1967 , (7) Juday , 1907, (8 ) LeRoy . 1943 , 1945, (9) Rothwell , l 948a , 1948b , ( 10) Skogsberg , 1928 , 1950,

Swa in. 1967 , ( 12) Swa in and G i lby , 1964. ( 13 ) Swa in and Gunther , 1969 , and ( 14) Tr iebe1, 1954 , 1956 , 1957 .

land locked lagoon i s fre sh and genera l ly pa la table above 20 m but abrupt ly sa l i ne
stagnan t be low tha t depth (Sachet , 1962c) . Ear ly h i s tor ica l accounts of ocean connec t i
(Sache t , 1963 ; Be lcher, 1843 ) and in s i tu m ar i ne fos s i l s , wi th a 370 1 100 year rad
age (Fergusson and Li bby , i nd ica te tha t the lagoon was a t least per iod ica l ly mar

un ti l recent ly .

The geo log ic age of C lipperton I s land i s unknown . But the low i nc idence of endem i
among the mari ne i nvertebra tes does not support an o ld age for the fauna s .

On the other hand , the strong Car i bbean character of the ostracode fauna supports
hypothes i s tha t the I s land has ma i n ta i ned a sha l low wa ter biota s ince the ear ly Pl ioce
Pr ior to tha t t ime a Seaway extend i ng through midd le Amer ica l i n k i ng the east Paci
the Cari bbean (Lloyd , 1963 ) would have a l lowed the North A t lan tic Equator ia l Curren t
sweep from east to west over the Co lombian Bas i n i n to the Paci fic at the la ti tude
C l ipperton I s land and cou ld read i ly accoun t for the Cari bbean ostracode spec ie s now l i vithere .

The
'

marine i nvertebrate fauna i s an impoveri shed one i n terms of d iversi ty . I t
composed principa l ly o f cen tra l Pac i fic ( l ndopac i fic) and tropica l wes t American
amic) spec ies . Many o f these spec ies are k nown to have fl oa ti ng larva l s tages of
dura tion or to be po tentia l ly subject to di spersa l by rafting . l ndopac i fic and Pan

e lemen ts are a lmost equa l ly represented in the i n shore fauna s , a l though the ra tio of Sp
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represen ta ti ve of these provinces var ies somewha t from group to group . M ix tures of
lndopacific and Panamic Spec ies inthe sha l low mar i ne faunas of C l ipperton I s land m ark a
J lend ing o f these two b iogeog raph i c prov i n ce s wh ich o therwi se are c lear l y d i s t i nc t
'Hert le i n and Emerson , 1953 ; Emerson , No modern Panamic spec ie s i s k nown to
nave d i spersed farther wes tward than C l ipperton I s land . A sma l l group of Indopaci fic

;pec ies wh ich ha ve cro s sed the Ea s t Pac i fi c Barr ier (Her t le i n , 19 37 ; Br igg s , 196 1 ;
Emer son , 1967) i s a lm o s t comp le te l y repre sen ted i n C l ipper ton I s l and faun a s , thu s
mggest ing the i s land s ro le as a stepp i ng stone . The fa i lure of many other spec ies to effect
westward or eastward d i spersa l s once havi ng reached C l ipperton I s land i s one of the grea t
>rob lems presen ted by tha t i s land and i t s fauna s . Sh i ft i ng Pacific North Equa tor ia l
westward) and Equa toria l Coun ter (eastward) surface curren ts (Figure 1) as we l l as
subjacen t curren ts , cros s the eastern Pac i fi c a t the la ti tude of C l ipperton I s land , prov id i ng
) ossib i li t ies for fauna l d i spersa l i n both d irec t ion s (Wyrtk i , 1965 ; U . S . Navy H ydro
graphic Office , 1947 , 1950 ,

The biogeograph ica l importance of C l ipperton I s land , as we l l as the a ttraction o f a

e mote and scarce ly k nown i s land , i n sp ired brief vi si ts by bio log i sts before 1956 . Two

: xped i t ions wi th more ambit ious a im s were made poss i ble i n October-N ovember 1956 and
August-September 1958 through the part icipat ion of the Un i versi ty of Ca l i forn ia Scripps
1nst i tut ion of Oceanography in programs of the I n terna t iona l Geophysica l Year . The

:esearch ves se l Sp encer F . Ba ird , comm anded by Capta i n A lan W . Phinney , prov ided
:ranSporta t ion in both i n s tance s . The la te Conrad Limbaugh served as sc ien ti fi c party ch ief
‘

or bo th exped i t ion s . A s i ng le d redge h au l from a sub sequen t S . I .O . cru i se ,
l oca l

ty B-8558 , provided the on ly add i tiona l bio log ica l materia l s to wh ich we have had

access . Samp les and fi e ld note s on which the presen t accoun t of C l ipperton I s land
des i s based are the work of A l l i son who accompan ied bo th the 1956 and 1958

ion s . Sed imen t and a lgae samp les wh ich were the source of the ostracodes dea l t
re

,
were co l lected by free and SCUBA d ivi ng by A l l i son and Limbaugh except for

dredge samp le a t sta tion B-8558 . The most comprehen si ve descr iption s of the hi s tory ,
ography , geo logy , and bio logy of C lipperton I s land are to be found i n pub l i shed work s of
arie-Helene Sachet ( 1960, 1962a , 1962b ,

who was one of the part icipan ts of the
958 expedi t ion .

FAUNAL CHARACTER IST ICS OF THE OSTRACODA
The mar i ne ostracode fauna of C l ipperton I s land , l i ke those of the other m ari ne

nvertebrates there ,
i s impover i s hed but shows d iverse biogeograph ic affin i t ies . N i ne

re de scr i bed as new and are con sidered here as endemics . These may , i n fact ,
poor k nowledge of Paci fic ostracode s . Area s from which ea stern Paci fic

ocop id ostracode s have been descr i bed are shown in Figure 1 .

The ostracode samp les forming the ba s i s o f th i s accoun t repre sen t fre shwater lagoonvar ious mar i ne reef and off-reef habitats . Spec ie s d i stri bution s are ou t l i ned ten ta t ive ly
he ba si s of s ix samples co l lected accord ing to fie ld eva luat ion s of physica l env i ronmen

factors and a s soc ia ted larger organ i sm s . Species abundance s , l i v i ng-non l i vi ng and

r ibut iona l re la tion sh ips are shown in Table 1 .

Freshwa ter sp ec ies . Cyp r idOps is oceanus sp . nov . ,
Limnocy there via t z

’

cum Sp . nov . ,

Po tamocyp r is insular is sp . nov . , are abundan t i n C l ipperton Lagoon . A l l presumab ly
e i n troduced wi th i n the la st 130 years after the last sea connect ion s were blocked and

p laced by the exi st i ng freshwa ter (Be lcher , On ly the
i n troduct ion to , or evo lution in, permanen t pond s a long the rim
sea and the former ly m ari ne lagoon , cou ld accoun t for a



SAN D I EGO SOC I ETY OF NATURAL H I STORY VOL . 16

freshwater ostracode h i story da ti ng earl ier than 130 years ago . I t i s un l i ke ly tha t such
pond s ever exi sted on the narrow r imed ato l l . The ostracode s probably were i n troduced by
mar i ne b irds wh ich frequen t the i s land duri ng the ir migra tory fl igh ts .

Di sart icu la ted va l ve s of severa l mari ne Spec ies occur i n the lagoona l samp le s and
probab ly repre sen t former m ar i ne cond i t ion s there . Ba i rd i a semu v i l losa appear s to
represen t former mar ine cond i tion s i n the lagoon . I t doe s not occur i n exi st ing

'

marine

habi ta ts around the i s land , though i t i s reported l i v i ng i n a wide divers i ty of west American
habi tats (Ben son , 1959 ; Swa i n , 1967) and wou ld appear to to lera te a wide range 0 1

cond i tions .
Water i n the lagoon varies i n surface sa l i n i tie s from les s than to grea ter

than depend ing on seasona l var ia tion s i n ra i n fa l l (S achet , 1962b ) . Be low about 2C
m the wa ter i s sa l i ne with abundan t su l fides and wi thout ev idence of an i n vertebrate fauna .

Mar ine sp ec ies . Known di str i but ion s of the ostracodes wh ich occupy the mar i ne
°ha bi ta ts g i ve no c lear i nd ica tion o f a dominant biogeograph ic re la t ion sh ip . Eucy therura

b inocu la , Mu t i lus con verg ens c l ipp er tonens i s , Pa radoxos toma l imbaug h i , and S em i

cy therura quadrap lana apparen t ly represen t an i nd igenous aspect of the C l ipperton I s land
ostracode fauna s .
Five species have Cari bbean a ffi n i t ies , Ba ird ia sp . , Tr iebel ina rugosa (not T. brady i in

the sense of Puri , Paracy ther idea tschopp i , Occu l tocy there is angus ta , and Cy therel

Io ia
’

ea p raec ip ua . Para cy ther idea tschopp i first appears i n M iocene rock s of Tr i n idad , and

i s found l i vi ng i n the Cari bbean and tropica l ea stern Pac i fic (Panam ic provi nce) . Spec ies 0 1
the genus Occul tocy there is are common in ear ly Tertiary depos i ts of North Amer ica and

Europe (Morkhoven , and now occur i n the Med i terranean (Mu l ler , ofi

the coa st of A frica (Brady , and i n the Cari bbean . Occul tocy there is angus ta

descr i bed or ig i n a l l y from M ade i ra I s land , nor t hwe s t A fr ica (Brady , 19 1 1 : ”

cy ther

deform is a l so occurs i n the Cari bbean as far back as M iocene (Bo ld , Apart fro
i ts d i scovery a t C l ipperton I s land , the genus Occu l tocy therez’s i s unknown e l sewhere i n th
Pac i fi c . Ba ird ia sp . appears c lose ly re la ted to the undescr i bed Cari bbean spec ies Ba ird ia cf

B . tubercula ta of Pur i Tr i ebel ina rugosa and Cy therel lo idea p ra ec ipua occur onl

i n the m odern Car i b bean . N eocaua
’

i tes i s l i kewi se a ch arac ter i s t i c Car i bbean genu
(McKenz ie ,

though we are aware of one spec ies l i v i ng off Dakar , A frica (unpub
l ished ), and two others (one fossi l and one Recent) i n the H awa i ian I s lands (Ho lden , 1967)
The C l ipperton form ,

N . pa c if ica p ac ifi ca i s con sidered subspeci fica l ly d i st i nct from th

l i ving Hawa i ian form ,

l ndopaci fic and Panamic fauna l aspect s , c lear ly eviden t among as soc ia ted C l ipperto
I s land mari ne i n vertebra tes , are weak ly repre sented . X es to leber is g rac i l is , S clerochi lu

sp . , and Tr iebe l ina sera ta may be l ndopac ific taxa , as might a l so Ba ird ia r i tug era
’

cl ipp er tonens is subsp . nov . The absence of the Loxoconchidae i s stri k i ng because one 0

more species o f Loxoconcha and Loxoconche lla are common ly represen ted in i s lan
faunas of the l ndopac ific . Ba ird z

’

a semu vi llosa , probably restricted to the exti nct mari n
fauna of C l ipperton Lagoon, provides the on ly evidence o f a direct Panamic-C l ipperto

I s land l i nk . Paracy ther ideb tsch0pp i occurs i n the Panamic Provi nce bu t probably has i t
orig i n in the Car i bbean .

Pseudocy there cauda ta i s po ssi b ly a true cosmopo l i tan species . O ther wide l y d i s
tr i buted species seem to be res tricted to 2 or 3 provinces , as defi ned by other m ari n
i nvertebra te groups .

Two spec ie s , Mu t i las con verg ens and Pa ra cy ther idea tschopp i , domina te a l l o f th

marine sam ples , accounting for a t least 50 of the i nd ividua l s i n each .

Li v i ng specimen s of Paradoxos toma Iimbaughi and S clerochi lus sp . occur on ly 0
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Figure 2. C l ipper ton I s land sta t ion loca t ions . Areas wi th in c i rc les ind ica te approx ima te stat ion po s i t ions .
prominent subm ar i ne terrace , northwe st of m ajor sandy area s (B i
sm a l l sed imen t pocke ts between and benea th ma s si ve l i v ing cora l s (most l

Pa vona . Por i tes , and Poc i /lop ora ) which cover bottom ; depth 10- 12 m .

B-6 120 S teep slope o ff north s ide o f i sland oppos i te west end of near breach in a to
m arg i n (formed by waves duri ng per iod be tween 1956 and 1958

t ions ), be low slope break a t ou ter edge of pr i nc ipa l subm ar i ne ter
sed imen t be tween block s of dead cora l and sparse cover o f l i vi ng hertypic cora l ; depth 40-45 m

B-8 558 — (CARR l l 8 D) Dredged l i vi ng (aherma typ ic) and dead cora l debr i s an
ca lcareous sand from S lope 0 11 south -eastern side of C l ipperton l slan

depth 92 m . Scripps Insti tut ion o f Oceanograph

exped i t ion CARROUS EL (R/V Sp encer F. Ba ird) , 1 1 August 1964 .
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19. 5 177711 V/Y/osa

Tn
’

ebe/ina rugosa

Polamocyp ris insular is

Eucy /berura b /
‘

fl ocu/a

L/mnocy fbere w
'

a f /
‘

cum

S e/erocb i/us 5p .

Xes /o/eber/s graci /l
'

s

X, af t X. eu/i fora

"
C
‘

y thera cf. cauda /a

Cy ffiere//0 1b
’
ea praeC/puo

Tab le 1 . Ostracode spec ies- loca l i ty check li s t . Heavy l ines ind ica te tha t some or the ind iv idua ls conta ined
ioft par t s and are there fore infer red to have been l i v ing a t tha t Ioca 11 ty .

Order Podocopid a Mul ler , 1894
Suborder Podocop ina Sars , 1866
Superfami ly Ba ird iacea S ars , 18 88
Fami ly Ba i rd i idae Sars

, 1888

Genus Ba ird ia McCoy , 1844
Ba ird ia s imu v z

'

l losa Swa i n
, 1967

Figure 3
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Ba ird ia s imu vi l /osa Swa in , pl . 1 , hgs . 221 - 1, 8 ; tex t hgs . 30c-d , 32, 43a ; not Ba i rd ia s imu vi l losa : McKenz ie

and Swa in, 1967 z283 , p l . 30 , fig . 1 .

Ba i rd ia sp . a 11 . B . verdesens is : Benson, 1959 :42, p1. 1 , fig . 6 ; pl . 8 , fi g . 16 .

Diagnos is . E longa te Ba z
’

rd ia , posterior ly tapered in side view ,
wi th stra ight ven ter ;

grea test he igh t i n an terior th ird , grea test wid th just an ter ior to m id leng th ; posterod orsum
s l ight ly concave up due to brie f hump on cauda l proces s .

Descr ip t ion
— l n si de view : anteroventer even ly rounded ; ven ter stra igh t or s l igh t ly

concave ; posteroventer gen t ly rounded to po i n ted po ster ior ; posterodorsum s l igh t ly convex
anterior to br ief hump on cauda l process ; dorsum and anterodorsum a lmos t stra ight ,
d ivided by a rounded anterocard ina l ang le . Left va l ve over lappi ng right va l ve a long a ll

marg i n s except a t extreme posterior ven tra l part of po i n ted cauda l proce ss . In dorsa l view :
carapace rough ly d iamond - shaped ; grea test wid th jus t an ter ior m i d leng th . Surface of

va lves smooth , m arg i na l dent ic les absen t , even in younger i nd ividua l s .
Dup l icature moderate ly wide ; anterior and poster ior ve st i bu les large . Fused part of

dupl ica ture tran sected by abundan t simp le rad ia l pore cana l s , about 50 an ter iorly , fewer
posterior ly . Norm a l pores abundan t , sma l l , re lat i ve ly few i n cen ter of carapace .

Adductor musc le scars tend ing to fuse , pa t tern of an e longa te scar above two larger
i rregu lar scars wh ich i n turn top two sm a l ler ova l scars . Dim orph i sm not observed .

Figure 3 . Ba ird ia s imu vi /losa Swa in.

-b .
hypo ty pe . USNM 128066 : a . r igh t va lve v iew o f adu lt carapace

USNM 128067: inter ior of adu lt r ight va lve .
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Ba ird ia r i tugerda cl ippertonensis sub Sp . nov

Figure 4
Diagnos is . Cen tra l ly inflated Ba ird ia wi th grea te st he igh t a t anterocard ina l ang le i n
anter ior th ird ; cauda l process humped , s ligh t ly po i n ted a t po sterior-most part ; dupl ica turesve s t i bu la te ; young wi th po s teroven tra l m arg i n a l serra t ion s . Sub spec ie s B . .

r
. c l ip

p er tonens is i s sm a l ler (600-750 11 ) th an B . r i tug era
’

a sen su s tr ic to ; le s s accum ina te
posterior ly .

Descr ip t ion . Carapace sma l l for genus , adu l t leng th 600-750 11 ; surface o f va l ves smooth
to i nconspicuous ly pi t ted by large but sha l low depress ions . In s ide view : left va l ve much
higher than righ t va l ve a long dorsum and a t i n turned area ; dorsa l m arg i n broad ly arched ,
fl a ttened i n an ter ior th ird , some time s fla t tened a t m id leng th , s l ight ly concave i n poster ior
above hum ped caud a l proce s s ; g rea tes t carapa ce he igh t i n a n ter ior th i rd o f leng th ;
anteroventera l marg i n smooth i n adu l t s , sera te i n young . I n dorsa l v iew : carapace i n fl a ted
a t m id leng th or just anter ior to m id length ; po sterior and an terior extremi ties po i n ted .

Dup l icature wide , heavy ; narrow vest i bule s presen t ; stra igh t or bi furcat i ng radia l pore
cana l s numerous , up to 50 an ter ior ly , most fa l se ; norma l pores sma l l , numerous except
around adductor musc le scar area‘. E igh t adductor muscle scars i n t igh t c luster near cen ter
of va lve .

Dimens ions . Leng th He ight Wid th
Ho lotype , S DNH 04 192 . Adu l t left va l ve ,

sta . B-6 10 1 595 4 1 3 176

Para type , U SNM 128089 . Adu l t le ft va l ve ,
sta . B-6 120 759 449 196

Para type , U SNM 128090 . Adu l t r ight va l ve , sta . B-6 120 755 4 13 1 50

Para type , U SNM 12809 1 . Adu l t righ t va l ve ,
sta . B-6 120 680 370 1 37

Discuss ion The spec ie s i s much sma l ler at C l ipperton I s land than tha t a t H awa i i , where
i t reaches leng th s o f 1000 11 and more (Ho lden 1967 : The s ize di fference ,

toge ther wi th
d i fferences i n shape of the carapace di st i ngu i sh the two popu lat ion s as separa te subspec ies .
I ts habi ta t pre ference i s unknown as no l i vi ng i nd i vidua l s were found . Ten specimens

were found off the submerged terrace a t 40-45 m , whereas on ly two specimen s were found
in sha l lower water , perhaps ind ica t i ng a preference for modera te ly deep wa ter .

Ba ird ia teeter i sp . nov .

Figures 5 , 6

Diagnos is . Ba ird ia wi th upturned po i n ted cauda l process ; va l ve s heavi ly pi t ted ; an ter
and postero la tera l surface s wi th hori zon ta l r idges g i v ing carapace a termina l ly b lun t aspec
as seen from above .

Descr ip t ion . In s ide view : ven ter s tra igh t to s l igh tly concave downward , anteroven

ter and posteroventer about equa l i n leng th and convex i ty ; posterodorsum and anterodor

sum about equa l in leng th and inc l ina tion from hori zon ta l , each s l ight ly concave up
dorsum stra ight to s l igh tly rounded . Left va l ve strong ly over-reach ing and over- lappi n
righ t va l ve i n dorsa l reg ion ,

with low kee l a long h ighest po ints o f dorsum ; hori z onta
an tero la tera l ridge deve loped a t m idhe ight ; hori zonta l postero latera l ridge extending a lon
poi n ted , upturned cauda l process . Possi ble sexua l d imorph i sm expre s sed by re la t ive l

lower form with he ight/ leng th ra t io compared to
In dorsa l v iews : anteromost and posteromost parts of hor i zon ta l la tera l marg i na

ridge s some t imes knob—l i ke g i vi ng carapace termina l ly blunt appearance ; centro la tera
reg ion infla ted , com pressed near m arg i n s ; w id th/ leng th ra tio about surfaces dense]
pi t ted .
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H i nge of Ba ird iop i l la ta
-type wi th sma l l toothlets near posterodorsa l and an tero

dorsa l ex tremities i n righ t va l ve and correspond ing ti ny socke ts i n left va l ve . Dup l icature
wide ,

heavy , traversed by Sparse simp le rad ia l pore cana l s number i ng about 15 an ter ior ly
and posterior ly , tend ing to occur i n pa irs . Ve st ibu les sha l low . Adductor muscle scar
pat tern wi th e igh t equan t scars a center scar with seven surrounding i t ; three sma l ler
mandibu lar scars just an teroven tra l to adductor group .

Dimens ions .

Ho lo type , USNM 128093 . Adu l t carapace , sta . B-6 120

Para type , SDNH 04 193 . Adu l t le ft va l ve ,
sta . B-6 10 1

Para type , SDNH 04 193 . Adu l t r ight va l ve ,
sta . B-6 10 1

Paratype , SDNH 04 194 . Adu l t carapace , sta . B-6 120

Paratype , SDNH 04 195 . Adu l t left va l ve , sta . B-6 10 1

Para type , U SNM 128092 . Penu l tima te carapace , sta . B-6 120

Paratype , SDNH 04 196 . Penu l t imate carapace , sta . B-6 120

LENGTH

: igure 5 . Leng th-he ight plo t of fi ve growth stages of Ba i rd ia tee ter i sp . nov . from sta t ions B-6 120 B-6 10 1

o). and B-424 1 (o) . The group i so la ted by dashed l ines are though t to be m a les showing h igher leng th-he igh t
at ios (Kornicker, 196 1 A l l measurement s taken from ent i re carapaces or the la rger le ft va lve s .
Discuss ion Ba ird ia tee ter i i s c lose ly re la ted to B . a t tenua ta Brady , 1880,

from the
ndopaci fi c and possi b ly from 0 11 the coa st of west A frica (Egger

'

, 190 1 ) i n genera l shape ,

1rnamentat ion, adductor musc le scar pa ttern and dup l ica ture . Ho lden ( 1967 : 14) descr i bed
he i n terna l features of B . a t tenua ta to which the presen t spec ie s can be compared . The

mportant d i fference be tween the two Spec ies i s the pre sence o f hor i zon ta l r idges on the

1ntero and postero la tera l surface s of B . tee ter i which are lack ing on B . a t tenua ta . The

pec ies might be confused wi th B . brady i Bo ld , 1957 ,
which has s im i lar ornamen ta tion and

omewha t the same shape i n s ide view , but i s much wider and d iamond shaped in dorsa l
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view , not la tera l ly compres sed as B . tee ter i . Another spec ie s be long i ng to the B . a t tenua ta

group and c lose ly re la ted to the pre sen t species i s Ba ird ia sp . c of Bo ld ( 1966) from Coco
So lo , Panama . I t appears to have a poor ly deve loped hor i zonta l r idge on the postero la tera l
surface . According to Bo ld (persona l comm . ) the spec ies occurs on the Pac ific s ide of Costa
Rica i n rock s of Young Neogene”

age .

Figure 6 . Ba ird ia tee ter i Sp . nov . a-b , ho lotype , USNM 128093 ; a , r igh t va lve v iew o f adu lt ca rapace ; b , dor sa l
v iew o l

i

ent ire ca rapace . c-d , pa ra type . SDNH 04 193 : c . inter ior v iew o f adul t le ft valve , d , inter ior v iew o f adul tr ight va lve .

At C l ipperton I s land sizes of i ndi vidua l s d i ffer con si s ten t ly be tween the sta t ions B
6 120 and B-6 10 1 (see text- fi g . The adductor muscle scar pa t tern and the “

Ba ird iop i l

la ta - type den ti t ion seem —to be cons i s ten t as are other fea tures and size d ifierences
apparent ly are not taxonomica l ly significant .

The species i s named for James Wa l l i s Tee ter , who i n 1966 recogn ized i ts un iqueness
during a study o f Bri t i sh Honduras ostracode s .
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The species i s c lo se ly re la ted and pos s ib ly conspecific wi th a Car i bbean spec ies l i sted
as Ba ird ia cf. B . tubercula ta by Pur i but di ffers pr imari ly by be i ng more e longa te
and havi ng a h igher an terior marg i n as viewed from the s ide .

Figure 8 . Tr iebel ina ser ta ta Tr iebe l , 1948 . a-c ,
hypotype , USNM 128069 ; a ,

r igh t va lve v iew of adul t carapace :

b , dorsa1 v iew of adult ca rapace ; c ,
inter ior v iew of adu lt r igh t valve .

Genus Tr iebel ina Bold , 1946
Tr iebel ina ser ta la Tr iebe l , 1948

Figure 8
Tr iebel ina indOp aczfica van den Bold , 1946 : 74 ,

fig . 7 in pa r t
Tr iebel ina ser l a ta Tr iebe l , 1948 : 29 , pl . 19 ,

fi g s . la-b , 2a-d ; Key , 1953 : 158 , p l . 1 , fi g . 5 ; Pur i , 1960 : 132, hgs . 3 , 4;

Guha , 1968 : 59 , pl . 5 ,
fig . 1 .

Tr iebel ina sp . cf . T. cubens is Kingma , 1948 : 69 , p l . 7 , fig . 4 .

Diagnos is . Carapace robust , p i t ted ,
wide st a t two large swe l l i ng s on each va l ve a long

m id leng th ; strong dorsa l r idge curving downward in poster ior part of left va l ve ,
confined to

dorsum i n righ t va l ve .

Descr ip t ion . See Triebe l ( 1948 ) for a comp le te descr iption of the species .
Dimens ions . Leng th H e ight Wid th
Hypotype , USNM 128069 . Adul t left va l ve ,

sta . B-6 120 572 3 10 170

Hypotype , USNM 128069 . Adu l t righ t va l ve ,
sta . B-6 120 570 28 3 146
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Hypotype , SDNH 04 199 . Penu l tima te left va l ve , sta . B-6 120 484 244 142

Hypotype , SDNH 04200 . 6th i n star, le'ft va l ve
,
sta . B-6 120 409 2 13 125

Discuss ion Tr iebel ina ser ta ta and T. indop ac ifi ca are c lose ly -

re la ted (Triebe l ,
The most conspicuous d i fferences be tween the two are the lack of swe l l ing s i n the

dorso la tera l areas of both va l ves and the reduction of the long ven tro la tera l ridge into twobroad nodes on each va l ve a long the m id leng th i n T. serra ta .

According to Key Bo ld ( 1946) had a specimen of what was descr i bed as

Tr iebe l ina serra ta i n h i s co l lect ion o f T. indop ac if i ca from Ceram ,
Wes t Indies . Key a l so

noted tha t the s ing le va l ve of Kingma
’

s ( 1948) Tr iebel ina c f . T. cubens is ,
from the lower

Pl iocene o f Suma tra , i s conspeci fic to T. ser ta ta . One not ices that the computed leng thhe igh t ra t io from Kingma
’

s da ta agree s we l l w i th those of other Specimen s of T. ser ta ta but

does not agree wi th hi s i l lustra tion s , which mus t be d i storted .

The species appears to be a sha l low wa ter i nhab i tant . At C l ipper ton I s land i t i s foundfrom six to 45 me ter s (none l i vi ng) . One of us (H o lden) co l lected i t a long beaches a t
Vanuamba lavu , Fij i ; Pur i found i t on reefs i n the Flor ida Keys ; and , Triebe l reported i tfrom sha l low water i n the Red Sea . Key ’s mater ia l con si sted of one va l ve each a t fi ve
stations i n the Ea st I nd ies rang i ng i n depth from 372 to 322 1 me ters probably represen ting
redepos i tion .

Tr iebe l ina rugosa sp . nov .

Figure 9
Tr iebel ina brady i : Pur i , pl . 6, figs . 7 8 ,

Diagnos is . Carapace sma l l , leng th less than 500 11 , re la t i ve ly e longa te ,
L/H rat io abou t

va l ves near ly equa l i n he igh t ; carapace compre ssed wi th para l le l s ide s ; la tera l surfaces
wi th sm a l l prom i nen t tuberc le s i n po s ter ior and an ter ior la tera l area s , two d i s t i nc t
tuberc les one above the other beneath poster ior card ina l ang le .

Descr ip t ion I n side view : carapace e longa te ,
L/H ra t io about dorsa l marg i n

stra ight , subpara l le l w i th s l igh tly concave downward ven tra l marg i n ; pos terodorsa l marg i n
deeply concave upward above serra te cauda l process termina t ing at m i dhe ight ; anter ior
marg i n den ticu late benea th fl attened an terodorsa l marg i n . Va lves unequa l ly ornamented :
left va l ve wi th more strong ly deve loped short tubercu la te vert ica l posterior r idge than righ t
va l ve ; r ight va l ve wi th two narrow hor i zon ta l , some time s d i sconti nuous , r idges i n ter
connect i ng an ter ior latera l tuberc les wi th poster ior vert ica l r idge ; both va l ves tubercu la te
i n an tero la tera l area s . I n dorsa l v iew : carapace compre ssed , L/W ra tio about s ides
fl a ttened , para l le l ; cauda l reg ion compres sed beh ind vert ica l poster ior r idges of r igh t andleft va lve s .

Dup l icature wide , heavy , sha l low ve st ibu les pre sen t wi th stra igh t , th in rad ia l pore
cana l s . E ight e longa te , i nc l i ned adductor scars near m idhe ight of va lve i n terior .

Dimens ions . Leng th He igh t Wid th

Ho lo type , U SNM 128094 . Adu l t left va l ve , sta . B-6 120 478 23 7 167

Ho lotype , U SNM 128094 . Adu l t r igh t va l ve ,
sta . B-6 120 477 22 1 167

Para type , SDNH 04 198 . Adu l t carapace , sta . B-6 120 466 224 1 58

Discuss i on . The spec imen s from C l ipper ton I s land are conspec i fic wi th a spec ie s
ident ified incorrect ly as Tr iebe l ina brady i by Pur i ( 1960) from the we st coa st of Flor ida ,

and a l so known to occur i n sha l low wa ters of the Bri t i sh H onduran carbona te she l f
(Tee ter , Th i s Car ibbean -C l ipperton species i s c lear l y d i s t inct from the Indopaci fic

T. brady i which i s larger (more than h igher and has a few broad swe l l i ng s for
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ornamen ta t ion . Tr iebel ina brady i , i n addi tion , lack s . the heavi ly den ticu la te ,
broad ly

,

even ly rounded posteroven tra l marg i n of T. rugosa .

Tr iebel ina rugosa may have a remote ancestor i n Tr iebel ina sp/498 of Ko l lmann
( 1963) of Tr iassic (Rhae tic) age from the European A lps . They are str i k i ng ly s im i lar i n
outl i ne and both have ubiqu i tous e longa te p i t s for ornamen tation . They d i ffer i n tubercle
and swe l l i ng arrangemen t on the la tera l surface s and s ize of carapace wi th T. rugosa be i ng
less than ha lf the s ize o f T. sp/498 .

Figure 9 . Tr iebel ina rugosa sp . nov . a-c ,
holotype , USNM 128094 ; a , le ft va lve v iew o f adult carapace ; b , dor sal

v iew ; c , interna 1 v iew .

Puri d id not g i ve the depth di stri but ion of the species i n the Cari bbean ; however , we
presume i t i s a sha l low wa ter form . I n the Car i bbean i t i s found a t Mo lasses Reef, off
Tavern ier , i n the Flor ida Keys (Puri , At C l ipperton I s land the specie s occurs no
sha l lower than 40 me ters a t sta t ion B-6 120 on the rubble s lope benea th “

the pri ncipa l
subm ari ne terrace o f the i s land . One va lve was found a t 92 m a t sta tion B-8558 .

Superfami ly Cypr idacea Ba ird , 1 849

Fami ly Cyprid idae Ba ird , 1849
Subfami ly Macrocypr id inae Mi i l ler , 19 12
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Dimens ions . Leng th He ig ht Wid th
Ho lotype , USNM 128095 . Adu l t carapace ,

sta . B-6 10 1 926 4 10 307

Para type , USNM 128096 . Adu l t r igh t va l ve ,
Sta . B-6 10 1 9 19 420 3 16

Paratype , USNM 128096 . Adu l t left va l ve ,
sta . B-6 10 1 925 422 3 16

P aratype , SDNH 0420 1 . Penu l t im a te carapace , sta . B-6 120 798 360 254

Para type , USNM 128097 . Penu l t ima te carapace ,
sta . B-6 120 82 1 3 54 260

Para type , SDNH 04202 . Adu l t carapace , sta . B-6 120 937 430
“

3 14

Paratype , U SNM 128098 . 6th i n star carapace ,
sta . B-6 l 20 550 225 179

Para type ,
SDNH 04203 . 6th i n star carapace ,

sta . B-6 120 538 229 194

Discuss ion The type species of the genus , Macrocyp r ina p rop inqua Tr iebe l ( 1960) has a
more even ly rounded dorsum , i s more termina l ly po i n ted in dorsa l v iew , and i s s l ight ly
larger (950- 1008 11 ) than the C l ipperton spec ies . The co lor pa ttern i s s im i lar , though of

Figure Ma croc yp r ina varga ta sp . nov . a-b , holotype , USNM 128095 ; a ,
la tera l left va lve v iew of adu lt

ca rapace : b . dorsa l v iew o f adu lt carapace , c
-e , para type , USNM 128096 ; c , inter ior v iew of adult left va lve ; (1 ,dorsa l v iew o l‘ adu lt le l t va lve ; d ,

dorsa 1 v iew of adu lt r ight va lve . f, ejacu1a tory duct , f, th i rd thorac ic leg .
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grea ter re la t i ve si z e ,
and does not tend to form band s but ra ther spo ts in M . p rop inqua .

Macrocyp r ina varga ta i s a l so l i ke the southern hemisphere Species M . decora (Brady ,
1866) i n genera l shape though more termina l ly blun t , as seen from above , and sma l ler with
adul t leng th s rang i ng from 900-940 11. as opposed to 1005- 10 10 11 as ci ted by Brady ( 1866 ,

I n add i t ion , the co lor m ark i ng s be tween the two spec ie s d i ffer con s i de rab ly
(compare wi th Brady , 1880 , p l . 6 , fig s . 8a-b) .

The species a l so resembles Ma crocyp r is succ inea Mu l ler
, 1894 ,

from the Gu l f of
Naples in genera l shape but , aga i n , i s more blunt ly po i n ted i n dorsa l v iew . I n the se two
species the cen tra l musc le scar pa ttern s are comparable each wi th the same number of

scars in approximate l y the same re la ti ve pos i tion s . The two sma l l fron ta l scars shown on
Mu l ler’s pl . 13 , fig . 25 do not appear on M . varg a ta , however . The ma le ejacu latory
appara tus (Zenker ’s organ) i n the two Species has the same character i s tics , i .e . , a cen tra l
spi ny sha ft termina t i ng poster ior ly in a smooth bu lb- l i ke structure and the same com plex ly
twi sted tubing . I n M . varga ta , however , the po ster ior bu l b- l i ke s tructure i s much sma l ler
and the cen tra l shaft and tubing are much narrower . A l so ,

the cen tra l shaft pos sesse s more
and longer Spi nes . Zenker’s organ ofM . p rop inqua and M . varga ta appear very sim i lar .

The spec i fi c name denotes the broad vert ica l co lor str ipes shown in l i ving i nd i vidua l s ,
varga tus str iped .

Subfami ly Cypr idopsinae Kaufmann , 1900
Genus Po tamocyp r is Brady , 1870
Potamocypr is insu lari s sp . nov .

Figure 12
Diagnos is . Smoo th , high ly unequ i va l ved spec ies o f Po tamocyp r is wi th pos ter ior fl ange
of left va l ve overreach ing r igh t va l ve . A s seen from above ,

an ter ior termina ti ng i n sharp
poi n t can ted s l ight ly to the left .
Descr ip t ion . In side view : carapace h igh , leng th/he ight ra t io about length of adu l t
600-700 11 ; out l i ne subtriangu lar , h ighe st po in t just an ter ior to m id leng th at high ly ang led
dorsum ; ventra l marg i n stra ight to s l igh t ly con cave ; poster ior marg i n of righ t va l ve steep ly
truncate ; blun t ly po inted near venter i n left va l ve ; r ight va l ve larger than left va l ve ,

overreach ing left va l ve a long dorsum where i t i s con s iderab ly higher and a long venter and
anter ior ; left va l ve overreaching r ight va l ve poster ior ly as a cauda l flange . I n dorsa l v iew :
leng th/w i d th ra tio from to out l i ne i rregu lar ly len ticu lar ; grea test wid th near
mid leng th,

an ter ior sharp ly poi n ted , poster ior b lunt ly po i n ted .

Ca lc i fi ed dupl ica ture poor ly deve loped , pre sent on ly i n left va l ve an ter ior . Rad ia l pore
cana l s short , s imp le . Norma l pores numerous , sma l l , open type . H i nge adont . Adductor
muscle scar pa ttern composed of fi ve scars , top scar e longa te , second and th ird an oblong
pa ir , fourth scar e longa te ,

fi fth scar sm a l l , circu lar .

Dimens ions . Leng th He ight Wid th

USNM,
Ho lotype 128099 . Adu l t carapace ,

sta . B-4244,
47 692 4 16 250

USNM , Para type 128 100 . Adu l t r ight va l ve ,
sta . B-4244

,
47 6 12 3 3 3 1 13

SDNH , Paratype 04204 . Adu l t carapace ,
sta . B-4244,

47 70 1 4 12 258

SDNH , Paratype 04205 . Adu l t carapace , sta . B-4244 , 47 677 392 234

Discuss ion .

-Po tan
‘

1 0 cyp r is insular is has on ly fi ve scars i n the adductor pa t tern , un l ike
most species of the genus wh ich have s ix or seven . There i s an apparen t reduction occurr i ng
i n the ven tra l part of the pa ttern .

The c losest l i v i ng Po tamocyp r is to C l ipper ton I s land i s P . is lag randens is which occurs
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in Lake N icaragua , Cen tra l America . Po tamocyp r is insular is i s re la t i ve ly h igher , has a

po i n ted posterior and has a di fferen t adductor musc le scar pa t tern than P . is lag randens is

(Swa i n and G i l by ,

Figure 12. Po tamocyp r is insu lar is sp . nov . a-b , holo type . USNM 128099 ; a ,

'

1a tera l le ft valve v iew of adul t
carapace : b , dorsa 1 v iew o f adul t ca rapace . c-d . pa ra type . U SNM 128 100 ; c , inter ior v iew o f adul t r ight valve ; (1,inter ior v iew of adu lt le ft va lve .

Genus Cyp r idOps is Brady , 1868
Cypr idopsi s oceanus sp . nov .

Figure 13
Diagnos is . Carapace sma l l, 580 p. i n length ; smooth ; modera te ly infla ted (leng th/w id th

g rea test he igh t and wid th near m id leng th .

Descr ip t ion .

— Carapace th i n , transparen t , smooth ; l i v i ng Specimen s covered wi th sparse
short ha i rs ; wid th s l ight ly grea ter than he ight , leng th times wid th . I n side view : dorsa l
marg i n s lopi ng off stra igh t posterior ly and an terior ly from ang led high po i n t a t carapace
m id leng th ; posterior and an terior marg i n s s im i lar ly shaped , broad ly rounded ; ven tra l
m arg i n stra igh t to s l igh tly concave ; va l ve s somewha t unequa l , left va l ve s l ight ly over
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Discuss ion Th i s specie s bears some resemblance to Cyp r idop s is vidua (O . F . Mi i l ler,
1776) but i s much sm a l ler , unpi t ted , and has a b lun ter poster ior viewed from the side . A l so ,

there are s ix adductor scars as i n C . vidua but the ir re lat ive pos i t ion s d i ffer (compare with
Morkhoven , 1963 , p . The si ze of Cyp r idOps is oceanus i s con si stent ly le ss than 600
micron s compared wi th 700 micron s for C . vidua (Wagner ,

The actua l sa l i n i ty range of the lagoon when the species was co l lected i s not known ;
however , i t was pa la table . A l l i son noted when d iv i ng i n the lagoon that the sal i n i ty
i ncrea sed wi th depth . Breakers wi l l occa siona l ly reach the lagoon duri ng storms . Consi d
er i ng the se factors , Cyp r idOps is oceanus probably has a much h igher sa l i n i ty tolerance
than C. vidua which apparen t ly can not survi ve mar i ne sa l i n i ties greater than (Wagner
1957 : 1 10 ; Reyment , 1964 z75) .

Figure 14 . Pon tocyp r is
? sp . a -c , spec imen, USNM 128070 ; a , inter ior v iew of adul t le ft va lve ; b ,

dor sa l v iew of
adu lt 1e ft va lve ; c , la tera l v iew of adult le ft valve .

Subfami ly Pontocyprid inae Mu l ler , 1894
Genus Pon tocyp r is Sars , 1866

Pon tocyp r is
? sp .

Figure 14
Descr ip t ion . Carapace accum ina te pos terior ly , termina ti ng i n a sharp ly po i n ted pos
terior i n both dorsa l and s ide views . I n side view : grea test he igh t a t sharp ly ang led po i n t i n
an terior th ird ; anterodorsum and posterodorsum s lopi ng away from the h ighe st po int a t
ang les of about 30 ° from the hori zon ta l ; posterodorsa l marg i n a lmost s tra igh t , terminati ng
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in po i n ted ven tra l posterium ; ven tra l marg i n stra igh t except for s l ight convex i ty at i n turned
area . I n dorsa l view : carapace compre ssed , grea test wid th i n an terior quarter , righ t va lve
over lappi ng left va l ve pos terior to grea test carapace he igh t i n an ter ior th i rd .

Dup l ica ture wide i n both posterior and an ter ior parts o f va l ve . Fused zones narrow
conta i n i ng severa l stra igh t , s imp le radia l pore cana l s . About six oblong adductor scars
loca ted i n reg ion above i n turned area .

Dimens ions . Leng th H e ight Wid th

Specimen U SNM 128070 . Adu l t le ft va l ve ,
sta . B-6 10 1 740 347 140

Spec imen SDNH 042 10 . Adu l t carapace ,
sta . B-6 l 20 742 342 228

Specimen SDNH 042 1 1 . Adu l t left va l ve , sta . B-6 120 726 3 17 1 19

Spec imen U SNM 12807 1 . 6th i n star carapace , sta . B-6 120 5 12 227 1 58

Specimen SDNH 042 12 . 6th i n star righ t va l ve ,
sta . B-6 120 524 2 12 90

Spec imen SDNH 042 13 . 5th i n star carapace , sta . B-6 120 4 1 1 170 142

Specimen U SNM 128072 . 4th i n star carapace , sta . B-6 120 325 134 1 17

Discuss ion The carapace , as seen i n side view ,
has the tr iangular shape of Pon tocyp r is

but the musc le scar pa ttern suggest s the genus Prop on tocyp r is . The two genera orig i na l ly
were establ i shed on the ba s i s of soft part s not preserved in the C l ipperton co l lection .

Pon tocyp r is
? sp . i s best compared to P . accum ina ta Mu l ler, 1894,

from the Gul f of
Naples . The C l ipperton species has, however, a stra ighter dorsa l marg i n i n the poster ior
two th ird s , i s more po sterior ly accum ina te and i n terna l ly i t has a less exten si ve dup l icature
and lack s the typica l Pon tocyp r is muscle scar pa ttern .

Superfami ly Cytheracea Ba ird , 1 850
Fami ly Bythocytheridae S ars , 1926
Genus Pseudoqy there Sars , 1866
Pseudocy there cauda ta S ars , 1866

Figure 15
Pseudocy there cauda ta Sar s , 1866 z88 ; Brady , 1868 1453 , p l . 34 , hgs . 49-52; Brady , 1880 : 144, pl . 1 , figs. 6a-d ; M '

u

' l ler ,
1894 z285 , pl . 16, figs . 5 , 10 , 30-36 ; Tressler , p l . 19 , fig . 15 ; Wagner , 1957 : 35 , p1. 12; Benson,

pl . 1 , fig . 8 ; tex t-fi g . 7 .

Pseudocy there IA Maddock s , 1966262, text fig . 46 ,
no . 2 .

Diagnos is . Because there i s l i tt le agreemen t on what the sa l ien t character i st ics are tha t
dehne th i s species , a d iagnosi s i s not pre sen ted here .

Des cr ip t ion . S i de v iew : dor sa l m arg i n a lm o s t s tra igh t from top o f h igh trunca te
cauda l proces s to an terodorsa l card ina l ang le ; an terior marg i n broad ly rounded ; ventra l
m arg i n concave downward at cen tra l ly loca ted in turned area ; posteroven tra l m arg i n
formed by broad compre s sed marg i na l flange . Va l ve s ornamen ted by conti nuous , d i scon
t inuous, occa s iona l ly merg i ng ,

narrow hor i zon ta l r i dges everywhere except on mo st of
cauda l process and on posteroven tra l flange which are smoo th . I n dorsa l view : va l ve even ly
i n fl a ted a long leng th exc lud ing la tera l ly compre ssed cauda l process ; width o f carapace

wou ld measure one-ha l f leng th i n en tire specimen .

Dup l ica tures broad with large vesti bu les occupying one-ha l f of dup l ica ture width .

Radia l pore cana l s s tra igh t , some with en largemen ts near l i ne o f concrescences , sparse ,

about 10 an ter ior ly , re la t i ve ly abundan t i n ven tra l ha l f, about e igh t po ster ior ly . Norma l
pores not observed . H i nge weak ly deve loped wi th e longa te bar and subjacen t groove .

Adductor muscle scar pa ttern of three hori zon ta l ly e longa te scars i n vert ica l row , bot tom
scar poss ib ly two fused scars . Ova l fron ta l scar an ter ior to topmost adductor scar . Soft
parts not preserved .
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Dimens ions . Leng th H e ight Wid th
Hypotype , U SNM 128073 . Adu l t righ t va l ve ,

sta . B-6 120 285 158 69

Discuss ion — Ben son po i n ted out the improbabi l i ty that a l l the reports of

Pseudocy there cauda ta are referab le to one spec ies . However , no ser ious attempt has been
made to separa te th i s geograph ica l ly widespread group i n to specie s or even subspecies . The
s i ng le Spec imen found a t sta tion B-6 120 i s iden ti fied as P . cauda ta because i t fa l l s wi th i n
the range o f varia t ion of other known popula tions and i n sufficien t ma ter ia l doe s not al low
a more cr i t ica l ana lysi s of i t here .

Further stud ies may show tha t more impor tan t d i fferences occur between warm wa ter
and co ld water forms , irrespecti ve of depth o f wa ter , than be tween forms separa ted by
great d i s tances of long i tude . Th i s re la tion sh ip i s suggested by a c lose resemblance be tween
the C l ipperton I sland spec imen and ano ther sha l low wa ter reef form from northern
Madaga scar (Madd ock s , I n s i de v iew , spec imen s from bo t h area s lack the

pos teroven tra l spi ne , at least i n the r igh t va l ve , and are more quadra te ,
wi th a lmost para l le l

ven tra l and dorsa l m arg i n s , than the subtr iangu lar , Spi ned forms reported from co ld or

deep wa ter area s . Fu ture taxonomi sts shou ld pay part icu lar a tten tion to the number of

Figure 15 . Pseudoc tf there cauda ta Sar s , 1866 . a-c , hypo type , USNM 128073 ; a , la tera l v iew o f adu lt r ight va lve ;
b , dorsa l view o l adu lt r igh t va lve ; c , inter ior v iew o f adult r ight va lve .
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i n fl a ted latera l ly , but are no wider , and tend to be lenticu lar i n dorsa l v iew . H o lden
( 1964 z4 l 3) noted a sim i lar k ind of d imorphi sm in Eucy therura sp ina ta from the Upper
Cretaceous of Ca l i fornia . The typica l type of d imorph i sm i n Eucy therura resu l t s i n lower
and longer ma les (Morkhoven , 1963 z357).
Ornamen ta tion i s variably deve loped . I n the i n fla ted fema les , an arcuate row of about

fi ve or s ix tuberc les run s from the eye tuberc le to the posteroven tra l swe l l i ng via the

subcen tra l area and then up to the posterodorsum (Figure 16g). I n the ma les the tub’

erc le s
are most ly lost at the expen se of the various swe l l i ng s .

One of the most prominen t fea ture s i s the large eye tuberc les . The specie s appears to
be re la ted to Eucy therura g ibbera Mi i l ler, 1894 , which has a s im i lar type of ornamen ta t ion

Figure 16 . Eucy therura b inocula sp . nov . a-b ,
ho lotype , USNM 128 103 ; a , la tera l le ft valve v iew of adul t

carapace ; b ,
dor sa l v iew of adult carapace . c-d , paratype , USNM 128 104 ; c , inter ior v iew o f adul t left valve ; (1,

dor sa l v iew o f adult le ft va lve . e , para type , SDNH 042 14 ; dor sa l v iew of adult r igh t va lve . f, norm a l pores wi th in
re t iculae as seen with transm i t ted l igh t . g , genera l i zed ske tch showing tubercle ar rangement on the female
carapace ,

ret icu la t ions not d rawn in .
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and large eye tuberc les . According to Bo ld (pers . comm . ) the species i s s im i lar but notidentica l to Species l i v i ng in the Cari bbean .

The species i s named wi th reference to i t s very large eye tuberc les .

Genus Para cy ther idea Mu l ler , 1 894
Paracy ther idea tschopp i Bo ld , 1946

Figures l 7 ,

Paracy ther r
’

dea tsch0pp i van den Bold , 1946 z85 . pl . 16 , hgs . 6-7 ; van den Bold , pl . 4 , fig . 7 ; Benson andColeman, 1963 133 . pl . 6 , figs . 7 , 9, 10,
20 .

Paracy ther idea gran t i Swa in, 1967 z7o (ln par t), pl . 4 ,
fi gs , 10,

1 1a , b,p l . 5 , fi gs . 2a , b ,
4a-c, 5 , tex t fig . 47a .

Diagnos is. Sharp ly and prominen t ly cauda te Paracy ther idea with posterodorsa l swe l l i ngsupport i ng 3 -4 flange- l i ke ob l ique r idges , hor izon ta l a lar ri dge con ti nuous to an ter ior
marg i n ; poster ior tooth let comp lex i n h inge of r ight va l ve we l l deve loped ; projecti ng
anter ior too th le t complex poor ly deve loped and not projecti ng .

Descr ip t ion . I n side view : out l i ne of dorsum and ven ter para l le l due to posteroventer
mas si ve a la : dorsa l and ven tra l m arg i n s actua l ly h igh ly and poster ior ly accum inate ,

termina ti ng i n we l l deve loped po i n ted cauda l proce ss a t poster ior m i dhe ight ; an ter ior
marg i n of r ight va l ve broad ly rounded , ob l ique ly rounded i n left va l ve due to ex tended
anterocard ina l wing . I n dorsa l view : grea test carapace width in poster ior th ird , he ight/leng th ra t io of to Va l ves deep ly su lca te a t m i d leng th i n dor sa l three-quarters
divid i ng subcen tra l tuberc le and h igh ly infla ted pos terodorsa l swe l l i ng . Ornamen ta t ion
pri ncipa l ly of flange- l i ke r i dges characteri st ica l l y arranged as di scussed further on .

Dup l icature wide ,
nonvest ibulate dup l ica ture s transected by sparse rad ia l pore cana l s ;

radia l pore cana l s mo st ly fa l se , about
,

1 2 anter ior ly , 3 poster ior ly , one of which occup ies
con spicuous subcauda l dentica l . Norma l pore s s ieve type ,

sparse,
s ieve p la te usua l ly a

horseshoe shaped structure wi th about 25 perf ora tion s . H i nge lobodont , r igh t va l ve wi th
prominen t poster ior e lement of five di sti nct toothlets, an ter ior e lemen t of five poor ly

4 0 0

LENGTH [I

Figure 17 .
Length -he igh t plot of six growth s tages of Para cy ther idea IschOpp i Bold from sta t ions B-6 10 1 and B

6 120 . In a l l case s measurements were taken on ent i re carapace o r the larger le ft va lves .
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deve loped too thle ts, wavy med ian groove with about 20-25 notche s . Five adductor musc le
scars on posterior s ide of we l l deve loped circu lar subcen tra l depression , second and th ird
scars up may be a d ivided scar preservi ng the fundamen ta l pat tern of four scars for the
adductor group . Fron ta l scars loca ted on an terior s ide of subcen tra l depress ion number i ng
s ix i n two pa irs of three , one group above the other .

Sexua l d imorph i sm not observed .

Dimens z
’

ons . The fo l lowing i n formation was de termined from a co l lection of 35 adu l t
carapace s : L= 520 i 20 .6 11 ; H = 26 1 11 . N i ne teen adu l t carapaces gave a mean wid th
of 380 11 wi th a range from 348 11 to 405 11 .

Dimens ions . Leng th He ight Wid th
Hypotype , USNM 128074 . Adu l t righ t va l ve ,

sta . B-6 10 1 5 14 24 1 192

Hypotype , U SNM 128074 . Adul t left va l ve ,
sta . B-6 10 1 5 17 267 192

Hypo type , SDNH 042 18 . Adu l t carapace,
sta . B-6 10 1 524 25 1 3 60

Hypotype , SDNH 042 19 . Adu l t carapace , sta . B-6 10 1 530 275 3 67

Hypotype , SDNH 04220 . Penu l tima te carapace ,
sta . B-6 10 1 449 209 300

Hypo type , USNM 128075 . Penu l t ima te left va l ve ,
sta . B-6 10 1 430 204 150

Hypotype , USNM 128076 . 6th i n star carapace ,
sta . B-6 10 1 364 167 237

Hypotype , U SNM 128077 . 5th i n star carapace , sta . B-6 10 1 300 142 203

Hypotype , U SNM 128078 . 4th i n s tar carapace ,
sta . B-6 100 203 102 143

Discuss ion Paracy ther idea tschopp z has not previous ly been reported from the Pacific

reg ion though i t i s k nown to be wide spread in the Car i bbean and parts of the Gu l f of
Mexico (Bo ld , 1946 , 1957 ; Ben son and Co leman , We be l ieve tha t m inor d i fferences
i n she l l morpho logy are not suffi c ien t evidence to separa te the c lose ly re lated popu la t ion s
of P . tschopp i i n the Gul f of Ca l i forn ia and C l ipperton I s land from those i n the Car i bbean
and Gu lf of Mexico .

Termino logy i s i n troduced in Figure 18 for the r idge arrangemen t of Paracy ther idea .

I t i s a ssumed tha t the pos i tion s , i f not the degree of deve lopmen t , of r i dges ornamen ti ng
the va l ves of thi s genus are genetica l ly con tro l led .

Figure 18 . Schema t ic d iagram of Paracy ther idea ornamenta t ion. A , L, P, and V represent the anter ior la tera l,
po ster ior , and ventra l r idges , respect i vely .

The Pl iocene to Ho locene Para cy ther idea g rant i Le Roy , 1943 of Ca l i forn ia and Baja
Ca l i forn ia has beenconfused wi th P . tsch0pp i . Paracy ther z

’

dea g ran t i lack s the pronounced
posterodorsa l swe ll i ng and possesses a more prominen t pos terodorsa l cardi na l ang le than
P . tschOpp i . I n P . tsch0pp i a P2 or P3 extends i n to the posterocard ina l reg ion . Ridge
ornamen ta tion in P . g ran t i i s d i s t i nct i ve wi th a P2 or P3 runn i ng con ti nuous ly i n to L ,

which jo i n s A 2 and which i s the on ly hori zon ta l r idge reach ing the an terior marg i n . I n P .

tsch0pp i , both A 2 and VI reach the an ter ior marg i n . I n P . g ran t i V1 ul t ima te ly jo i n s V3
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Genus S em i cy therura Wagner , 1957
Semicytherura quadraplana sp . nov .

Figure 20
Diagnos is . Sma l l S em icy therura wi th high po i n ted cauda l proce ss and r idge ornamen ta
tion re su l t i ng i n m inute ly pi t ted po steroven tra l , anteroven tra l , and cen tra l fie lds when
viewed from the s ide ; a la te as seen from above .

Descr ip t ion .

— C.arapace heavy , sma l l , 260 to 290 11 long . I n side v iew : dorsa l m arg i n
near ly stra igh t , para l le l wi th stra igh t ven tra l marg i n ; ven ter very wide and fla t ; an ter ior
marg i n obl ique ly rounded , ven tra l ha l f wi th four stubby marg i na l k nobs ; poster ior m arg i n
trunca te benea th h igh , poi n ted cauda l proces s ; per iphery of va l ves wi th con ti nuous smooth
r idge ,

doub led a long an ter ior marg i n and comp lex a long dorsa l m arg i n ; smooth la tera l
ridge depart i ng at righ t ang le from an ter ior r i dge a t mi dhe ight , swi ng i ng down to ven ter
a long the edge of wide a lar proces s , then swing i ng irregu lar ly back up to posterocard ina l

ang le thus crea ti ng two near ly equa l fie lds i n anteroventer and posteroventer wi th larger
centra l fie ld between ; compres sed cauda l area a fourth fi e ld ; r igh t va l ve somewha t h igher ,
overreach ing left va l ve a long dorsum . I n dorsa l v iew : carapace compres sed i n dorsa l ha l f;
grea test wid th a long ven tra l m id leng th on we l l deve loped a lar proce ss ; an ter ior b lun t due
t o doubled marg i na l r idge system ; po sterior compressed , po i n ted a t cauda l proces s .

Dup l icatures broad ; poster ior dup l icature great ly extended i nward , a lmost to midd le
of va l ve ; poster ior rad ia l pore cana l s most ly fa l se , some pa s s ing through marg i na l spi ne at
posteroventer, at leas t one runn ing fu l l leng th of cauda l proce ss ; an ter ior dup l ica ture wide ,

wi th 15 to 20 irregu lar , en larged , somet imes d i vid i ng rad ia l pore cana l s ; no vesti bu les .
Norma l pores numerous , t i ny , i n sma l l c lusters of one to 18 , each c luster apparen tly
narrowing to sma l l externa l pi t . H i nge e lemen ts of righ t va l ve con si s t o f smoo th an ter ior
tooth , flange-l i ke poster ior tooth , and crenu la te median groove . Four ob long adductor
musc le scars form vert ica l row i n lower ha l f of va l ve ; e longa te s ing le fron ta l scar anterior
to topmo st adductor scar .

Figure 20 . S em icy therura quadrap lana sp . nov . a , para type , USNM 128 106 ; internal v iew of adult r igh t
.valve .

b ,
holotype , USNM 128 105 ; externa l le ft va lve v iew of adul t carapace . c, para type , SDNH 0422 1 ; dor sal v i ew of

le l t va lve . e , en1arged view of normal pore c luster as seen v
'

vi th transm i t ted l igh t .



ALL ISON AND HOLDEN : CL IPPERTON OSTRACODA

Dimens ions . Leng th He ight Wid th
Ho lotype , U SNM 128 105 . Adu l t carapace , sta . B-6 100 289 132 1 37

Paratype , U SNM 128 106 . Adu l t r igh t va l ve ,
sta . B-6 100 275 13 3 70

Para type ,
SDNH 0422 1 . Adu l t left va l ve

,
sta . B-6 100 276 129 73

Para type , SDNH 04222 . Adu l t carapace ,
sta . B-6 100 267 129 140

Paratype , U SNM 128 107 . Adu l t carapace ,
sta . B-6 100 276 1 36 1 37

Para type , SDNH 04223 . Adul t carapace ,
sta . B-6 100 277 1 3 3 1 34

Para type , SDNH 04224 . Adu l t carapace , sta . B-6 100 269 129 1 34

Discuss ion . The r i dge arrangemen t of S em i cy therur a quadrap lana i s somewhat sim i lar
to tha t found on S . quadra ta (H ana i , 1957 120) from Japan , though these species d i ffer i n
other a spects . The strong ly deve loped a lae se t th i s new Spec ies apar t from any k nown
S em icy therura . The un ique r idge arrangemen t i s a resu l t of the si ngu lar latera l r idge
fo l lowing each a la to the ven ter from an ter ior and poster ior m i dhe ights .

Fami ly Hemicyther i dae Pur i , 1953
Genus Mu t i las Nev iani

,
1928

Mut i lus convergens cl ippertonensis subsp . nov .

Figure 2 1 , 22
Aur z

'

la converg ens Swa in, pl . 8 , fig . 8 ; Gunther , 1967197 , p l . 1 , fig . 8 .

Diagnos is . A spec ies of Mu t i lus with high ly arched dorsum
,
we l l deve loped poste

rodorsa l tuberc le , prom i nen t ornamen ta l r i dge and furrow from posterodorsum to

anteroventer across dorso la tera l-an tero la tera l area s .
Descr ip t ion . I n side view : marg i n s rounded excep t at sma l l po i n ted cauda l proces s near

4 0 0

LENGTH
[
4

Figure 2 1 . Length-he ight plot -‘of ‘sibt gro wth stages of Mu t i las converg ens c l ipp er tonens is subsp . nov . from
stat ions B-424 1 , B-6 10 1 , and Bf 6 100 5 A11 measurement s taken on complete carapaces or the larger left va lves .Label ing of the instar s a ssumes tha t the spec ies has e igh t growth s tages .
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posteroventer benea th s l igh tly concave posterium ; dorsum gen t ly rounded , con ti nuous wi th
obl ique ly rounded an ter ior marg i n ; ven tra l marg i n si nuous , s l ight ly concave downward at
i n turned area ; right va l ve somewha t larger than le ft va l ve , overreachi ng left va l ve a long
posterior , dorsum ,

and part of an ter ior marg i n s ; prominen t ang led po sterodorsa l tuberc le at
juncture of ornamen ta l ridges . Ornamen ta t ion of six hor i zon ta l ly trending r idges wi th
large re t icu la t ion s i n i n termed ia te furrows ; two para l le l s i nuou s r i dge s ex te nd from
posteroventer to anteroventer ; prominen t r idge and furrow from posterodorsa l tubercle to
anteroventer v ia dorso la tera l-an tero la tera l area s . I n dorsa l v iew : carapace len ticu lar ,
grea te st wid th at m id leng th ; an ter ior and poster ior blun t . Eye tuberc les sma l l , on heavy
marg i na l rim system . Ma les presen t but she l l d imorph i sm not apparen t .

Dup l icature about 50 11. wide ,
conti nuous a long ven ter . Radia l pore cana l s abundan t

Figure 22 . Mu t i las con verg ens cl ipp er tonens is subsp . nov . a-b , para type , USNM 128 109 ; a , ex te rna l r igh t valvev iew of adu lt ca rapace ; b , dor sa l v iew . c, holo type , U SNM 128 108 ; interna l v iew of adul t left valve . d , para type ,

SDNH 04226 ; dor sa l v iew of adult le ft va lve . e , para type , SDNH 04225 ; dor sal v iew of adul t r igh t va lve . 1, l st

antenna (incomple te). g , ma le 2nd antenna wi th long spinere t br i s tle . h,
female , 2nd antenna in par t showingreduced sp ineret br i s t le . i , mand i ble and maxi l la . j , l st thorac ic leg .
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anterior and on swe l l i ng s ; large swe l l i ng above sma l ler one between two dorso la tera l su lci ;
anteromost su lcus irregu lar , poor ly deve loped ; posteromost su lcus we l l deve loped , vertica l ;
th ird dorso la tera l swe l l i ng beh ind posteromost su lcus poor ly deve loped ; sma l l fourth
swe l l i ng on po s ter ior par t of ven tro la tera l infl a t i on ; le ft va l ve s l igh t l y larger , and

overreachi ng righ t va l ve an ter ior ly and poster ior ly . I n dorsa l v iew : greatest wid th i n
posterior ha l f at ven tro la tera l swe l l i ng ; po ster ior ha l f of carapace i n fl a ted ; an ter ior ha l f
wedged shaped , po i n ted .

Dup l ica ture narrow , traversed by sparse , even ly spaced radia l pore cana l s , about 15
posterior ly and anter ior ly . Four oblong adductor scars i n vertica l row i n ven tra l ha l f of
va l ve ; si ng le mandibu lar scar ven tra l and an terior to adductor group ; s ing le fron ta l scar
an ter ior and dorsa l to adductor group . H i nge weak , left va l ve wi th termina l depre s sion s
(socke ts) near cardina l ang les .
Dimens ions . Leng th H e ight Wid th
Ho lo type , USNM 128 1 12 . Adul t carapace , sta . B-4244

,
47 372 2 1 3 1 84

Paratype , USNM 128 1 13 . Adu l t r igh t va l ve ,
sta . B-4244 , 47 366 203 75

Para type , SDNH 04229 . Adu l t carapace ,
sta . B-4244 , 47 358 203 166

Para type , SDNH 04230 . Adu l t carapace , sta . B-4244 , 47 363 2 12 1 82

Para type , SDNH 0423 1 . Adu l t carapace ,
sta . B-4244

,
47 375 2 16 179

Paratype , SDNH 04232 . Adu l t right‘va lve , sta . B-4244, 47 363 2 16 1 75

Discuss ion L imnocy there via t icum i s one of three freshwa ter species found i n C l ip
perton lagoon . The taxon can no t be i dent i fied wi th any k nown spec ie s , t hough the

Fi
gu
re 23 . Limnocy there via t icum sp . nov . a-b ,

ho lotype , USNM 128 1 12;
a , latera l r igh t y a lve v iew of adult

ca rapace ; b , dorsa 1 v iew of adult carapace . c, paratype , U SNM 128 1 13 ; inter i or V i ew of adul t r igh t va lve .
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freshwa ter ostracode faunas of Centra l America , where one might expect these to have
orig i na ted , are very poor ly known .

A s d i scussed e l sewhere , the freshwater lagoon i s a re la ti ve ly recen t phenomenon . The

speci fi c name a l ludes to the specie s , or i t s ance stors , trip to the i s land : via t icum (L . )
“ voyager .

Fami ly Paradoxostomat idae Brady and Norman , 1889
Genus Paradoxos toma Fi scher , 1 855
Paradoxostoma l imbaughi sp . nov

Figure 24
Diagnos is . E longa te Paradoxos toma poster ior ly terminat i ng at m idhe ight i n blun t po i n t ;
greatest carapace he igh t i n poster ior ha l f; dorsa l view of carapace len ticu lar and symme trica l
except for b lun tly po i n ted anterior .

Descr ip t ion . She l l frag i le, tran sparen t ; re la ti ve ly sma l l for genus , leng th about 340 11 . I n
s ide view : carapace e longa te , leng th 2‘/z times he igh t ; h ighest po i n t of carapace just
poster ior to mid length at broadly arched dorsum ; posterodorsa l marg i n flat tened ; pos
terior marg i n blun tly poi n ted a t m idheight ; ven tra l marg i n broad ly concave downward a t
i n turned area i n an terior ha l f, broad ly rounded in poster ior of va l ve . I n dorsa l view :

Figure 24 . Paradoxos toma Iimbaughi sp . nov . a—b ,
holotype , USNM 128 1 14 ; a , la tera l r igh t valve v iew of adult

carapace ; b , dorsal v iew of adul t carapace . c , para type , USNM 128 1 15 ; inter ior v iew of adult r igh t va lve .
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out l i ne symmetrica l ly len ticu lar except for b lun t ly po i n ted an ter ior ; greatest wid th at

mid length . I n terna l fea ture s not di scern ible .

Dimens ions . Leng th He igh t Wid th
Ho lotype , U SNM 128 1 14 . Adult carapace ,

sta .

'

B-424 1 34 1 127 90

Para type , U SNM 128 1 15 . Adu l t r igh t va l ve ,
sta . B-424 l 328 129 50

Paratype , U SNM 128 1 16 . Adul t carapace ,
sta . B-424 1 326 134 -92

Para type , SDNH 04233 . Adu l t carapace ,
sta . B-424 1 3 34 130 87

Para type , SDNH 04234 . Adu l t carapace ,
sta . B-424 1 338 1 3 5 92

Para type , SDNH 04235 . Adul t carapace , sta . B-424 l 340 137 93

Discuss ion . The species apparen t ly be long s i n the genus Paradoxos toma ba sed on

genera l morpho logy ; however , i t i s poss ib le tha t i t cou ld be p laced i n X iphic i lus wh ich i s
usua l ly more poi n ted at both ends , or Cy thero is which i s les s b lun tly po i n ted .

The species i s sim i lar to Paradoxos toma ar tum Bo ld , 1966 , from the Car i bbean and
X ip hi ci lus sp . cf. X . arena tus Brady from New Ca ledon ia i n the sen se of Apostolescu ,

1967 .

The species i s named for the late Conrad Limbaugh who he lped co l lect the C l ipperton
I sland samp le s .

Genus S clerochi lus Sars , 1866
S clerochi lus sp .

Figure 25
S clerochi /us con tor lus : Muller , 1894 : 282, pl . 16 ,

fig . 2 .

S clerochi lus sp . B . Holden, 1967 : 39 , text figs . 30a—c .

Descr ip t ion I n side v iew : she l l reni form ,
with broad ly and even ly arched dor sum ;

ven tra l marg i n s inuous , grea t ly rounded i n poster ior two-th ird s
,
concave downward i n

anterior ha l f; carapace re la ti ve ly h igh , leng th/he ight ra t io = 2 .0 , posterior blun tly po i n ted
at m idhe ight or broad ly rounded . I n dorsa l view : carapace len ticu lar , compres sed , leng th/
width rat io = grea te st wid th at m id leng th, posterior and an ter ior poi n ted . Dimorphi sm
not observed .

Dup l icature wide ; vesti bu les large ; fused zone narrow ,
wi th conti nuous width of about

15 11 . Radia l pore cana l s simple ,
numberi ng 20 to 30 throughou t dup l ica ture . Norma l pores

Open , sma l l , sparse . Five adductor musc le scars i n oblong ob l ique pa ttern at m idhe ight of
va lve just anterior to m i d leng th .

Dimens ions . Leng th He ight Wid th
Specimen , USNM 128079 . Adu l t r igh t va l ve ,

sta . B-6 120 42 1 2 10 7 1

Specimen , U SNM 128080 . Adu l t left va l ve , sta . B-6 120 408 208 73

Specimen , SDNH 04236 . Adu l t left va l ve , sta . B-6 120 383 190 75

Spec imen , SDNH 04237 . Adu l t r igh t va l ve ,
sta . B-6 120 398 193 65

Spec imen , SDNH 04238 . Penu l t imate carapace ,
sta . B-6 120 350 176 1 35

Discuss ion . The se specimen s are ident ica l to S clerochi lus sp B (Ho lden , 1967) from la te
Cenozo ic drowned terraces inthe Hawa i ian I s lands , and to a form from the Medi terranean
ident ified by Mii l ler ( 1 894) as S . con tor tus (Norman) . M ii l ler

’

s i l lustra t ion s (pl . 16 , hgs .

1—2) of this form show di sti nct sexua l d imorph i sm ,
the ma le s be i ng the lower and re la t i ve ly

more e longa te of the two . S clerochi lus sp . i s sim i lar to the fema le,
i l lustra ted by Mu l ler ,

but not to the ma le . These specimen s , i nc ludi ng Mu l ler’s are con sidered di sti nct from S .

con tor tus (a North A t lan tic Species) ba sed on di fference s i n the morpho logy o f the she l l .
Whe ther on ly fema les have been found a t C l ipperton I s land or whe ther the popu la tion
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le l i ng anterior marg i n ; broad , sha l low vertica l su lcus an ter ior to m id length ; eye tubercles
sm a l l , promi nen t . I n dor sa l v iew : carapace com pre s sed , w i d th/ leng th ra t io
carapace of equa l wid th from subcen tra l reg ion to posterocard ina l reg ion ; cauda l and
an ter ior parts compressed ; va l ve s a symme tric : r igh t va l ve with more po ster ior ly ex tended
ri dge juncture .

Dup l ica ture modera te ly broad , sha l low vest ibu le irregu lar ly shaped . Radia l p ore s
some t im es branched , common ly wi th m i d swe l l ings , abou t 30 i n an ter ior

, 25—30 i n
poster ior . Norm a l pore s sma l l , s ieve type . H i nge ho lamphidont ; left va l ve. wi th en tire ,

project i ng ,
stepped an terior tooth ; en tire ren i form po ster ior tooth . Smooth median bar of

left va l ve wi th low, smooth an ter ior tooth . Three ob long adductor musc le scars on

poster ior side of subcen tra l depres s ion ; bottom -most scar apparent ly a fused pa ir . Large

V-shaped fron ta l scar anter ior to top-most adductor scar on s ide of subcen tra l depres s ion .

S i ng le circu lar mandi bu lar scar benea th fron ta l scar .

Dimens ions .

Ho lotype , USNM 128 1 17 . Adu l t r igh t va lve“

, sta . B-6 120

H o lotype , U SNM 128 1 17 . Adu l t left va lve ,
sta . B-6 120

Para type , SDNH 04239 . Adul t righ t va l ve , sta . B-6 120

Para type , SDNH 04239 . Adu l t left va l ve ,
sta . B-6 120

Paratype , SDNH 04240 . Adu l t carapace ,
sta . B-8558

Para type , U SNM 128 1 18 . Adu l t carapace ,
sta . B-8558

Para type , USNM 128 1 19 . Adu l t carapace , sta . B-8558

Para type , SDNH 0424 1 . 6th i n star , sta . B-6 120

Para type , SDNH 04242 . 5th i n star , sta . B-6 120

Neocaudi tes pacifica minima subsp . nov .

Figure 26
Diagnos is . Sma l l , leng th about 450 11 , ornamen ted wi th var ious sized re ticu lat ion s and
pi ts ; sma l l , i so la ted , den ticu la te , submarg i na l ridge para l le l i ng an ter ior marg i n ; va lve s
a symme tr ic wi th dorsa l and la tera l r idge juncture at posterodorsum more poster ior ly
extended i n right va l ve ; fronta l scar s-shaped , four adductor scars .
Descr ip t ion . Except for the d i ITerences sta ted in the d iagnosi s above , a l l other morpho lo

g ica l deta i l s o fN . p ac ifi ca p ac ifi ca are the same as tho se of th i s subspecie s .
Dimens ions . Leng th H e ight Wid th
Paratype , U SNM 128 120 . Adu l t carapace , Hanauma Bay ,

Hawa i ian I s land s 424 2 17 144

Para type , SDNH 04243 . Adu l t left va l ve ,
Hanaum a Bay 458 2 16 100

Para type , SDNH 04243 . Adu l t righ t va l ve , Hanauma Bay 458 209 95

Discuss i on . Neo caud i tes p a c ifi ca m in ima from H anaum a Bay , Oahu , H awa i i , i s
be l ieved to be subSpec ifica lly re lated to N . p acifica p ac ifica from C l ipperton I s land and i s
d iagnosed here for compara t i ve purpose s . The most apparent d ifference be tween the two i s
tha t of si z e ,

N . p a c ifica m in ima be i ng much sma l ler (leng th—450 11 ) than tha t of N . p a c ifi ca

p ac ifi ca (leng th = 525 The C l ipperton I s land form occurs i n deeper wa ters than the
Hawa i ian I s land form ( 10 m). At C l ipperton , i t was co l lected a l i ve a t loca l i ty B-6 120

(404 15 meters) and dead a t loca l i ty B-8558 (92 me ters) .

The genus Neocaud i tes has been characteri zed as a Car i bbean taxon (McKenz ie ,

1967 : Previous ly , on ly one spec ies had been reported from the Pac ific ba si n , N . terry i

from 0 11 the H awa i ian I slands on subm ari ne terrace s . A l though N . terry i i s genera l ly
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sim i lar to N . p ac ifi ca , i ts surface ornamen ta tion i s smooth rather than ret icu la te or pi t ted .

Figure 26 . Neocaud i tes p ac ifica sp . nov . a-c,
holotype , USNM 128 1 17; a , ex ternal r igh t valve v iew of adult

male carapace ; b , dor sa l v iew ; c, internal v iew of r igh t va lve . d-e , paratype , SDNH 04239 ; d ,
dor sal v iew of adult

male left va lve ; e , dor sal v iew of r igh t va lve . Neocaud i tes p ac ifica m in z
’

ma subsp . nov . f, holotype , USNM
128 120 ; external r igh t va lve v iew of adult fema le carapace ; g- i , para type , SDNH 04243 ; g , internal v iew of adu ltma le le ft va lve ; h, dorsal v iew of le ft valve ; i , dor sa l v iew of r igh t va lve .

Genus Occul tocy there is H owe ,
195 1

Occu l tocy there is angus ta Bo ld , 1963
Figure 27

Cy there is deform is Brady , 19 1 l : 597 , pl . 20 ,
figs . 7-8 ; not Cy there is deform is Ba i rd , 1850 : 256 , pl . 18 , hgs . 4-6 .

Occul tocy thereis ang us ta Bold , 1963 : 39 1 , pl . 9 , figs . l a-c , pl . 12,
fig . 6 new name for Cy thereis deform is Brady .

Diagnos is . Occul tocy there is wi th posterodorsa l tuberc le and posteroven tra l marg i na l
r im heavy ; dorsa l rim weak ly deve loped ; la tera l surface ornamen ta t ion very weak ly
deve loped ; dorsa l marg i n concave as seen from the s ide .



SAN D I EGO SOC I ETY OF NATURAL H ISTORY VOL . 16

Descr ip t ion . I n s ide view : carapace sma l l , leng th 450 11 ; leng th/he ight rat io = h ighest
poi n t at anterocard ina l ang le i n an terior th ird a t mid length ; dorsa l marg i n stra igh t
between e leva ted cardina l ang le s ; ven tra l marg i n stra igh t or s l igh t ly irregu lar ; an terior
marg i n even ly and broad ly rounded , wi th severa l we l l -deve loped den tic le s ; larger left va l ve
over-reach ing righ t va l ve a long ven ter, poster ior, and at anterocard ina l h i nge ang le ; left
va l ve a symme tr ic wi th e longa te flange ex tend i ng benea t h va l ve a long posteroven ter
marg i n ; broad , fla ttened an terior marg i na l rim con ti nuous from poorly deve loped eye

tuberc le to ven tra l i n turned area ; po steroven tra l area with comp lex mas s i ve tuberc les ;
posterocard ina l ang le occupied by large d imp led tuberc le ; va l ve s con sp icuous ly su lcate at

mi d leng th ; surfaces genera l ly smooth between narrow , i ncon sp icuous , serpen ti ne r idges i n
latera l area s . I n dorsa l v iew : grea test wid th i n po ster ior th ird at ridge juncture termina ti ng
i n sma l l , posterior l y po i n ti ng , la tera l spi ne , an ter ior blun t ly po i n ted due to th ick an tero
marg i na l rim ; posterior compressed beh i nd posterocardina l tuberc les .

Figure 27 . Occu l tocy thereis angus ta Bold , 1963 . a-d ,
hypo type , U SNM 12808 1 ; a ,

la tera l r igh t valve v iew of

ca rapace ; b ,
dor sal v iew of adul t left valve ; c ,

dor sa l v iew of adul t r igh t va lve ; d , adduc tor muscle scar pa t tern of

left valve .

Dup l ica ture o f modera te wid th ; ve s t i bu lae we l l de ve loped , l i ne o f concre scen ce
irregu lar and forming pocke ts i n to fused zone from which emana te stra igh t , simp le ,

abundan t radia l pore cana l s , about 30 i n anter ior ; norma l pores large , sparse , sieve type .

Muscle scar pa ttern as shown in Figure 27d .

Dimens ions .

Leng th H e ight Wid th

Hypotype , USNM 12808 1 . Adu l t carapace ,
sta . B-6 120 46 1 229 1 83

Discuss ion . Occul tocy there is angus ta i s d i sti nct ive by the combinat ion of fea tures noted
i n the d iagnosi s . The dorsa l r idge and la tera l surface ornamen ta t ion i s subdued , l i ke tha t of
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Figure 28 . Xes to leber is gra c i l is Brady , 1890 . a-b ,
hypotype , U SNM 128082; a ,

le ft valve v iew of adul t female
carapace ; b , dor sal v iew of adu lt female carapace . c-e ,

hypotype , U SNM 128083 ; c,
le ft valve v iew of adul t male

carapace ; d , dor sa l v iew of adult ma le carapace ; e , anter ior v iew o f adul t ma le carapace . f-h,
hypo type , SDNH

04245 ; 1, inter ior v iew of adult female r igh t valve ; g , dor sa l v iew of adult female le ft valve ; h ,
dor sal v iew of adul tfemale r ight va lve .

morphi sm not observed . I n side view : va l ves subob long ,
broad ly rounded in out l i ne , dorsa l

marg i n S lopi ng s l igh t ly an terior ly ; ven tra l marg i n stra igh t ; an ter ior and posterior marg i n s
b lun tly rounded ; carapace moderate ly compres sed la tera l ly , grea test inflat ion i n ven tra l
th ird ; surfaces smooth . I n dorsa l view : carapace ob long , an ter ior and poster ior blunt ly
rounded ; grea test wid th at m id leng th .

Poster ior dup l ica ture narrow , en tire ly fused ; an ter ior dup l ica ture of modera te wid th ,
vesti bu la te . Radia l pore cana l s s imp le ,

stra ight , equa l ly spaced , number i ng 20 i n an ter ior,
about 20 i n poster ior . H i nge typica l for genus : smooth median bar of left va l ve a lmost
stra igh t as seen from above . Adductor musc le scar pat tern a sma l l vert ica l row of four
e longa te scars ; si ng le fron ta l scar d irect l y anterior to topmo st adductor scar .
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Dimens ions .

“ Leng th He ight Wid th
Specimen , USNM 128085 . Adu l t left va l ve ,

sta . B-6 120 302 164 86

Specimen , SDNH 04244 . Adu l t carapace ,
sta . B-6 120 305 169 1 14

Specimen , USNM 128086 . Adu l t le ft va l ve ,
sta . B-6 120 300 164 82

Discuss ion . The C l ipperton I s land specimen s resemble X es to leber is sp . cf . X eul i tora l is

from S cammon s Lagoon , Baja Ca l i fornia , Mexico , more than they do the species from El

Sa l vador which has no vest ibu le and has re la ti ve ly comp lex radia l pore cana l s . More and

be tter pre served ma ter ia l wou ld probably show th i s species to be conspecific to at lea st
t hose from Scammon s Lagoon .

At El Sa l vador X es to leber is eul i tora l is was found in the i n tert ida l zone of Mejanguera
I s land , Gul f of Fon seca among rock s wi th cora l s , encrusti ng a lgae ,

barnacles , and oyster s .
McKenz ie and Swa i n repor t the ir species occurr i ng throughout Scammon s Lagoon from 4
to 75 fee t . At C l ipperton I s land three di sarticu la ted va lve s were found at B-6 120 (40—4 5
meters) and one at B-8558 (92 meters) .

Figure 29 . Xes to leber is sp . afi . X . eul i tora l is Har tmann, 1959 . a-d , spec imen, U SNM 128085 ; a ,
dor sa l v iew of

adul t left va lve ; b , anter ior v iew of adult le ft valve ; c, la tera l v iew of adu lt le ft valve ; d , inter ior v iew of adul t le ft
valve .

Genus Uncerta i n
Cy there cf. C .

”

cauda ta Brady , 1890

Figure 30
Descr ip t ion . I n side view : carapace e longa te ,

length/he ight ra tio = 2 . 5 ; dorsa l m arg i n
para l le l to ven tra l m arg i n throughout most of leng th ; an terior m arg i n broad ly rounded ;
poster ior with large compressed , b lun t ly po i n ted cauda l proces s mos t of which l ies benea th
midhe ight . S he l l ornamen ted wi th about 10 con tinuous and di scon tinuous g la ssy hor izon
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ta l ridges tending to para l le l an ter ior marg i n . Cauda l proces s and adjo i n i ng compres sed
parts of carapace smoo th . I n dorsa l v iew : an ter ior sharp ly poi n ted ; carapace midha lf
para l le l s ided ; poster ior convex to h igh ly compre ssed ; cauda l process of extreme pos ter ior .

I n terna l fea tures not observed .

Figure 30 . Cy there sp . cf. C. cauda ta Brady , 1890 . a-b , spec imen, U SNM 128087 ; a , r igh t va lve v iew of

carapace ; b , dor sa l view .

Dimens ions . Leng th He ight Wid th
Specimen , U SNM 128087 . En tire specimen , sta . 8558 540 230 1 80

Discuss ion . On ly one specimen was co l lected by the carrouse l dredge at 92 m . The

spec ies c lose ly re sembles Cy there cauda ta Brady , 1890 from Sava , Sava Bay ,
Fij i , and

”

Cy there
”

cauda ta from Man i la (Ke ij , 1954) and H awa i i (Ho lden , The si ng le en tire
carapace from C l ipperton I sland i s larger than tho se men tioned above . Brady ’s and Ke ij ’s
spec ie s are 460 p. and 450 11 re spec t i ve l y . The one s from H awa i i come from two

popu la tions , one foss i l wi th an i ndi vidua1 4 10 u i n leng th and one from H anauma Bay wi th
very sma l l adu l t i nd iv idua l s on ly 3 50 11 long . The C l ipperton I sland form i s d i s t inct i ve wi th
we l l deve loped hor i zon ta l r idge ornamen tat ion , the e longa te re t icu lae character i s tic of the

other re la ted forms bei ng defined between r idges . At the presen t time i t i s not poss i b le to
de termine the Spec ifi c re la t ion sh ips be tween the C l ipperton forms and those descr i bed by
o ther authors . A l l of the above species be long to an undescr i bed genus .

Suborder Pla tycopina S ars , 1866
Fami ly Cy there l lo i dea Sars , 1866
Genus Cy therello idea A lexander , 1929
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pronounced and deep behi nd s trong anter ior r im i n left va l ve ; broad undu lati ng su lci i n
dorso la tera l and posterola tera l areas , resu l t i ng i n three r idge- l i ke swe l l i ng s a long dor sum ,

ven ter , and from po s ter ior cardina l ang le to cen ter of va l ve benea th prominen t c ircu lar
dorsocen tra l depre s sion corre spond ing to i n terna l adductor musc le scar swe l l i ng . Two

circu lar swe l l i ng s i n poster ior quarter of fema le carapace . Righ t va l ve larger , over lapp i ng
left va lve around a l l marg i n s . I n dorsa l v iew : fema le carapace lanceo late with greates t
width at trunca te po sterior ; r igh t va l ve strong l y over lapp i ng le ft va l ve just an teri or to
mid leng th with large flange- l i ke externa l tooth .

An ter ior dupl ica ture broad for genus , about 40 11 at widest po i n t , fused ; 15—18 even ly
spaced , s imple , an terior radia l pore cana l s pa ss i ng through marg i na l den tic les . H i nge of

left va lve wi th large flattened too th jus t po ster ior to mi d length ; righ t va l ve with corre

spond ing
“ socket . About 1 1 ob long adductor musc le scars i n typica l Cy therello idea

pat tern on broad swe l l i ng i n dorsa l ha l f of carapace at m id length .

Dimens ions . The co l lect ion con si sts of e igh t adu l t spec imen s of which six were en tire .

Leng th s range from 522 to 550 11 wi th an average of 535 11 ; he igh ts range from 297 to 3 14 11wi th an average of 308 11 ; width s range from 189 to 228 11 wi th an average of 2 1 1 11 .

Leng th Height Wid th
Hypotype U SNM 128088 . Adu l t le ft va l ve ,

sta . B-6 120 538 300 1 89

Hypotype, U SNM 128088 . Adu l t righ t va l ve ,
sta . B-6 120 538 304 1 89

Hypotype , SDNH 04248 . Adu l t carapace , sta . B-6 120 540 309 2 15

Hypotype ,
SDNH 04249 . Adu l t carapace ,

sta . B-6 120 533 297 209

Hypotype , SDNH 04250 . Adu l t carapace ,
sta . B-6 120 550 3 13 228

Hypotype , SDNH 0425 1 . Penu l t im a te carapace,
sta . B-6 120 477 266 1 56

Hypotype ,
SDNH 04252 . Penu l t imate carapace ,

sta . B-6 120 482 275 1 52

Hypotype , SDNH 04253 . Penu l t imate carapace ,
sta . B-6 120 484 273 158

Discuss ion . Sma l l d ifferences can be noted between the C l ipperton I s land forms of
Cy therel lo idea p raecip ua and those descr i bed by Bo ld ( 1963) from Tobago and Tri n idad .

Bo ld ’s i l lustra tion s of the Species show a more arched dorsum and concave downward
ven ter . I n addi tion , the left va l ve h inge tooth appears sma l ler . I n a ll other a spect s the
C l ipperton I s land forms seem iden tica l to tho se from the Car i bbean .
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Figure 1 . Map showing pos i t ion of Mad ’h I sland relat i ve to other i slands along the Bombay coas t of Ind ia .



ROSS : STUD IES ON THETETRACLITIDAE

Typ e sp ec ies .

— Lep as p urp ura scens Wood ( 18 15 : Recen t , Aus tra l ia ,
by or ig i na l

des igna tion of H iro (1939 :
Remarks .

— H iro ( 1939 : 273 ) e stab l i shed Te tracl i tel la as a subgenus of Te tra cl i ta .

Recen t ly , i n reeva lua ti ng the tetracl i t i ds I ra i sed the subfami ly to fam i l ia l s tatus (Ro s s
1968 : and accord ing ly the subgenera of Te tracl i ta were ra i sed to genera to be t ter refl ect
re lation sh ips wi th i n the fami ly (Ro ss , 1969 : 237 ; Ros s , 1970 : U t inomi ( 1970 : 349)
i ndependen t ly a l so accorded Tetracl i tel la gener ic rank .

Spec ies referable to Te tracl i tella i nc lude : T. p urp urascens (Wood , 1 8 15 : T.

cos ta ta (Darwin , 1 854 : T. ch inens is (N i l s son-Can te l l , 192 1 : T. d i visa (N i l sson
Can te l l , 192 1 : T. darwim

'

(Pi lsbry , 1928 : T. mul t icos ta ta (N i l s son-Can te l l ,
1930 : 2) and T. p i lsbry i (U t inomi , 1962 : Te tracl i ta squamosa - dep ressa (Kolosvary ,
194 1 : 42) from southern Austra l ia ,

Te tracl i ta p urp urascens darwin i (Kolosvary , 1942: 140)
from Por t Jack son , New South Wa les , Austra l ia , and Te tracl i ta rad ia ta wag ner i (Ko los
vary , in Kolosvary and Wagner , 194 1 : 1 1) from Ta sm an ia , on the ba s i s of morpho logy and
b iogeography , are apparen t ly con speci fi c wi th T. p urp urascens p urp urascens .

KEY TO TH E SPEC I ES OF TETRACLI TELLA
Radi i e levated above surface of parietes
Rad i i flush w i th or sunken be low surface of par ie tes
Scutum higher than wide ; i n termed ia te segmen ts of cirrus
V I wi th 4 pa irs of setae (Japan , Formosa) T. darwin i

2 . Scu tum wider than h igh ; i n termed iate segmen ts of c irrus
V I wi th 3 pa irs of se tae (I nd ia)
Scu tum higher than wide
Scutum wider than h igh
Scutum with a row of sma l l long i tud ina l p i t s ; i n termed iate
segmen ts of c irrus V I w i th 4 pa irs of setae ; ba s i s ca lcareous
(Les ser Sunda I s land s , Sulu and Ph i l ipp i ne Arch ipe lagos) T. cos ta ta

4 . Scu tum with 5 rows of long i tud ina l p i t s ; i n termed ia te segmen ts of
cirrus V I w i th 3 pa irs of se tae ; ba s i s membranous (Japan)
Terga l spur essen tia l ly con fl uen t wi th scu ta l marg i n
Terga l spur we l l separated from scuta l marg i n (i n termediate
segmen ts of c irrus V I w i th 3 pa irs of se tae ; c ircumtrop ica l) T. d i visa

Par ieta l p la tes w i thout ho l lows
Par ieta l p la tes p ierced by ho l lows (in termedia te segmen ts or
cirrus V I w i th 4, rare l y 3 pa irs of setae ; southern Ch ina ,

Formo sa ,
Japan) T. chinens is

7 . She l l w i th 14 or fewer pr imary long i tudina l ri b s ; cu t ic le
per si sten t (We st I r ian , New Gu i nea) T. mul t icos ta ta

7 . She l l w i th 20 or more pr imary long i tudina l r i b s ; cut ic le not
per s i sten t (in termediate segmen ts of c irrus V I w i th 2 pa irs of se tae ;
New Zea land

,
Ta sman ia

,
Austra l ia ,

M a lay Arch ipe lago , I nd ia) T. p urp urascens

Tetracl i tel la karande i n . sp .

Diagnos is .

— Rad i i transverse l y ridged , the ap ica l 3-4 r i dges extend i ng l i ke fi nger s out
and over adjo in ing p late ; scu tum transverse l y e longa ted , externa l ly ornamen ted wi th
prominen t node s where long i tud ina l r idges cros s growth l ines ; i n termed ia te articles of
poster ior cirr i armed wi th 3 pa irs of setae .
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Descr ip t ion .

— S he l l wh ite or grayi sh wh i te , pate l l i form , ovate i n out l i ne ,
covered wi th

pers i sten t , h irsute , ch i t inous cut ic le ; par ietes ornamen ted wi th prominen t growth r i dge s ,
and h igh , primary , long i tudina l ri bs i n terca lated with lower secondary and tert iary ri b s ;
ri b s square or T-shaped in sect ion , ex tending from or i fice to or beyond ba sa l edge of she l l ,
occa s iona l ly b i furca te basa l ly (Fig . 2a , b); or i fice d iamond -shaped ; rad i i broad , hor izon
ta l ly r idged from ba se to apex , the ridges becoming progres s i ve ly h igher , produced and free
from the surface (Fig . 2a); art icu lar marg i n and finger l i ke projection s tubi ferous , the
apertura l marg i n s of the tubes be i ng crenate ; on the adjoi n i ng p la te a narrow , long i tudina l
r idge occurs on parie ta l surface where the rad ius bu tts aga i n st the p la te (Fig . 2b); a lae
broad , summits hor izon ta l and crena te ; shea th les s than he igh t of wa l l , ba sa l marg i n not
depending ; bas i s ca lcareous periphera l ly .

Scutum wider than high ; ex terna l surface deep l y su lca te (Fig . 2e); where the growth
ridges are cros sed by long i tud ina l ridges prominen t nodes are formed thus render i ng a

scabrous appearance ; articu lar r idge stra igh t , about 2/ 3 length of terga l marg i n ; adductor
r idge low ,

not undercut , apica l ly fused wi th art icu lar r idge , termina ti ng basa l ly at ba s i
occ luden t ang le ; adduc tor musc le depress ion ova te

,
sha l low

,
borders poor ly de l im i ted ;

depress ion for la tera l depressor muscle sha l low , poor ly defi ned ; depres s ion for rostra l de
pres sor musc le lack ing ; apica l port ion of p la te with weak r idges (Fig . 2d).

Tergum higher than wide ; externa l long i tudina l furrow open , broad , sha l low , ex tend
i ng to ba se of spur ; spur even ly rounded basa l ly , con fluen t w i th seutu l m arg i n , width about
that of ba sa l marg i n (Fig . 2g); art icu lar r idge i ncl i ned ; art icu lar furrow wide and

sha l low ; 6-7 crests for depressor musc le ,
low , short , inc l i ned ; apica l port ion of va l ve r idged

or roughened (Fig .

Mea suremen ts of the ho lotype are as fo l lows (in mm ) : rostro-cari na l d iame ter
he igh t rostro-car i na l d iameter of orifice he igh t of scutum width of scutum
he ight of tergum width of tergum The mean ro stro-cari na l d iame ter of fi ve
para type s i s mm and the he igh t i s mm .

Labrum with sha l low ,
broad , med ia l depression ; crest th ick , heav i l y chi t ini z ed ,

armed

with shor t , fi ne bri st le s but rare ly w ith teeth (Fig . 3a). Pa lps long , broad , di sta l end broad ly
rounded ; superior marg i n stra ight , ba sa l marg i n convex ; prox ima l setae on super ior
marg i n short , stou t , coarse ly b ipect i nate ; di sta l setae on marg i n long ,

s lender, fine ly
bipi nnate ; ba sa l port ion of la tera l surface covered wi th ctenae . Mand ib le with 5 unequa l ly
spaced tee th ; teeth 2 and 3 common ly wi th 1-2 subsid iary cusps ; tooth 4 wi th 3-5 subsid iary
cusps ; comb be tween tooth 5 and i n fer ior ang le con ta i n ing 8- 12 tee th ; i n fer ior ang le
common ly wi th 1 long , s lender and 1 short , stout too th (Fig . Max i l la I w i th 2 long , s tout
and 1-2 shorter sp ines above sub-apica l notch ; 2-3 short , s lender sp ines i n notch ; 6-8 stout
spi nes med ia l ly ; 8- 12 short , s lender sp i nes i n ba sa l c luster (Fig . 3c) . M axi l la I I b i loba te ;
setae a long apica l marg i n long ; bip i n na te ,

se tae becoming progre ss i ve ly shorter toward the
notch ; se tae on basa l lobe coarse ,

b ipecti na te .

Posterior ramus of c irrus I about leng th of an ter ior ramus ; i n termed iate ar ticle s
of both rami broader than high ; segmen ts of an ter ior ramus norma l , but those of po sterior
ramus protuberan t ; di sta l art ic le s of both rami c lothed wi th fine ly bip i n na te se tae (Fig . 3g) .
Rami of cirrus I I e ssent ia l ly equa l i n leng th , and s l igh t ly longer than poster ior ramus of
c irrus I; med ia l segmen ts of both rami pro tuberan t ; di sta l two segmen ts of both rami
armed wi th bipecti na te se tae , prox ima l segmen ts w i th bip i nnate setae (Fig . 3h). Rami of
cirrus I I I of equa l leng th , and same leng th as rami of c irrus I I ; med ia l segmen ts of both
rami pro tuberan t ; di s ta l 2 or 3 segmen ts of an terior ramus and a l l segmen ts of poster ior
ramus armed wi th bipecti na te setae (Fig . C irr i IV-V I e ssent ia l l y equa l i n leng th wi th
equa l rami ; 1 -2 stout spi nes and 2-3 long , s lender se tae at each art icu la t ion a long greater
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Figure 3 . Troph i and c i rr i of Tetracl i tella karande i n. sp . a ,
labrum and palp ; b , enlarged v iew of labrum ; c,max i lla I; d , maxi l la 1 1; e ,

intermed iate segment s of outer ramus of c i rrus V I ; 1, peni s ; g , c i r rus I; h, c i r rus I I ; 1,
c i rrus I I I . Holotype c , f; paratypes , a-b , d-e , g

-i (a , d 400 1/c ; b 400 1/d ; e , g
-i 400 1/b) .
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curvature of i n termed ia te segmen ts ; 1 or 2 rows of otch ae presen t on la tera l face of

in termed iate segmen ts immedia te l y be low art icu la t ion ; seta tion ctenopod ,
with 3 pa irs of

setae on each in termed ia te segmen t , and common ly a s ing le prox ima l , short se ta ; at base of
and be tween each major pa ir of se tae there i s a c luster of 3 -5 short , s lender se tae (Fig . 3e).

Ci rral counts for spec imen s in the type lot are summar ized i n Tab le 1 .

Table 1 . Summary of data on cirra l counts : range (R) and mean (X) va lue for number of segments in anter ior
(a) and poster ior (p) ram i

p

4

1 1 - 14 1 1 -1 5 14- 1 6 1 5- 17 1 5-1 6 1 5- 1 8

I n tromitten t organ annu la ted throughout i t s length , and spar se ly covered wi th short ,
slender br i st les ; di sta l extremity wi th 4 clusters of 1 1 - 14 setu le s (Fig .

Remarks .

— Of the presen tly recogn ized tetracl i tel lans, T. karande i may be d i st in
gui shed by i ts rad i i , which have ra i sed dig i t i form proces ses tha t extend ou t and over the
adjo i n i ng p la te s . The sh ape of the tergum i n ka rande i i s s im i lar to th a t found i n
mul t icos ta ta , p urp urascens and ch inens is

,
but the scutum of th i s species has a scabrous or

nodose ornamen ta tion externa l ly ra ther than on ly simp le growth r idges . The mandib le
of karande i appears to be more var iab le than any other spec ies i n the degree of deve lopmen t
and number of subs id iary cusp s on the second , th ird , and fourth tee th (see Fig . The

cre st of the labrum i s common ly devo id of tee th as i t i s i n p urp urascens ,

’

cos ta ta and

darwin i . But when tee th are deve loped , they appear as s imp le ,
low , rounded knobs , tha t

are few i n number . The mouth part s and appendage s have not been de scr i bed forp i lsbry i .
Disp os i t ion of typ es .

— The ho lotype and four para type s are housed in the co l lect ion s
of the S an D iego Society of Na tura l H i story , Mar i ne I n vertebra te ca ta logue numbers 4000
and 400 1 , re spect i ve l y . Two para types are i n the co l lect ion s of the Zoo log ica l Survey of
I nd ia ,

Ca lcut ta . The rem a i n ing specimen s have been reta i ned by the au thor .

Typ e loca l i ty .

—M ad ’h I s l and , Bombay Coa s t , I n d i a ,
approx im a te l y

A . A . Karande co l l . 1969; 10 spec imen s .
Comp ara t i ve md ter ia l .

— I have examined spec imen s of the fol lowing spec ies :
T. d i visa : we stern side of Pan to Ho le Bay ,

east of town of M ar igo t, Domi n ica :

approx imate l y i n tert ida l on Te tracl i ta s ta lac trfera (Lamarck);
E . Kirsteuer and K. R ii tz ler co l l . 1—10 May 1966

“

(see Ross ,
T. chinens is : Sufi (Suao), Ta iwan , approx ima te l y on

she l tered undersurface of stones i n the l i t tora l” ; F . H iro co l l . , 30 May 1938 (see H iro ,

T. p urp urascens : Eddystone Po i n t , Ta sman ia , approx ima te ly S . ,

I . Bennet t col l . , 20 June 1964 . The Nobbies, Ph i l l ip I s land , V ictor ia , Austra l ia ,
approx

imate ly E . C . Pope co l l . , May 1949 . Li t t le Papanu i , O tago Pen i n su la ,

South I s land
,
New Zea land , approx ima te ly C . H and co l l . , 4 Novem

ber 1959 .

T. darwin i : I s le H a take-z ima ,
Tanabe Bay ,

Wakayma Prefecture , Japan , approx
imately N . , E . ; F . H iro co l l . , 3 Apr i l 1928 .

E tymo logy .

— The specifi c ep i thet honors Dr . A shok A . Karande , Sen ior S c ience
Offi cer , Nava l Chemica l and Me ta l lurg ica l Labora tory , Bombay , I nd ia , who co l lected the
specimen s .
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p i ls bryi

d iv is a ch ine ns is pu rpuras ce ns da rwin i

Figure 4 . Mand ibles of Tetracl i tel la karandei n . sp . and related tetracl i te l lans . A , E, r igh t and le ft , respect i vely ,holo type B, F,
r igh t and le ft , respect i ve ly , para type 400 1/b ; C , G , r igh t and le ft , respect i vely , para type

400 1/c; D, H , r igh t and left , respect i ve ly , pa ra type 400 1/d ; I, K,
r igh t and le ft , respect i vely , pa ra type 4o0 1/e; J

r igh t , paratype , Zool . Survey Ind ia ; L, after U t inomi , 1962; M, from Dom inica ; N , from Ta iwan; 0 , fromTa smania ; P, from Japan .
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Austral ian Museum , Huz io U t inomi , Seto Mar ine B iolog ical Laboratory , Br ian Foster , Auck land Uni ver s i ty,Wi ll iam A . Newman, Scr ipps Inst i tut ion of Oceanography and Erns t Kirsteuer, American Museum of NaturalH i story , for the i r help in prov id ing me with comparat i ve mater ial . Anne Acevedo prepared figures 1 and 2.
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Figu re 1 . Ind ex map o f southwestern Cal i fo rn ia showing loca l i t ies mentioned in the text .
About fi ve years ago severa l studen ts practici ng geo logic mappi ng i n the v ici n i ty of

Poway reported a conglomerate tha t d i ff ered sign ifican tly from typica l exposures of the
Poway Co nglomera te .

”

Th is anoma lous conglomera te came to mi nd aga i n subsequen t todeta i led mappi ng i n the Rancho San ta Fe area (Fig . where a th ick bou l der conglomerate
(now recogn ized as the Upper Cretaceous Lusard i Forma t ion ) tha t d iff ers marked ly from
the Eocene conglomera tes i n texture and clast con ten t l ies uncomformab ly benea th the
Eocene stra ta (Nordstrom ,

1970 ; Peterso n and Nordstrom ,

Re-examina t ion of the sed imen tary rocks cropp i ng out i n the v ici n i ty of Poway in
d ica ted the presence of no t one but t hree d i sti nct and ea si ly mappab le forma tions . The first ,
or lowest, rock un i t i s a very coarse ,

severe l y wea thered conglomera te correlated wi th the
Upper Cre taceous Lusard i Formation o f the Ra ncho San ta Fe area (Nordstrom ,

The

midd le un i t i s predominan tly sandstone and s ha le and i s here regarded as an exten sion of
the newly recogn ized late Eocene Friars Forma t ion (La Jo l la G roup) of Ken nedy and

Moore The upper un i t i s a th ick and widespread cobb le conglomera te and i s correla ted wi th the la te Eocene Stad ium Conglomerate (Poway G roup) of Ken nedy and Moore

The purpose of th i s paper i s to descri be and outl i ne the pri ncipa l d i sti nct ions between
the th ree forma tions , to show the ir d istri bution s on a geo logic map, to corre la te the forma
tion s wi th those mapped and descri bed i n the San D iego to the west southwest and with
forma tions recogn ized to the ea st-sout heast i n the A lpi ne-Lakes ide area , and to i n dica te a
loca l and regiona l sequence of even ts impl ied by these observa tio ns and in terpreta t ions .
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The geo logy of the Poway area i s depicted i n figure 2 . My pri ncipa l i n terest was i n thesed imen tary rocks ; thus the basemen t complex was not subd i v ided . The basemen t rocks
consi st predominan tly of the mid-Cretaceous Sou thern Ca l iforn ia batho l i th (Larsen , 1948 ;
Bus hee et a l. , 1963 ) and a few sma l l pa tches of the pre-ba tho l i th ic San tiago Peak Vo lcan ics
of Late Jurass ic age (F i fe et a l. , An eros ion surface ha v i ng in excess of 300 meters ofloca l re l iefwas deve loped on the basemen t complex and the sed imen tary formation s rest onth is irregu lar surface . The re l ie f on the basement rocks exceeds the tota l t h ickness of the
younger flat- ly i ng sed imen tary depos i ts by over 100 meters ; thus the area i s characterizedby h i l l s of re lat i ve ly a ncien t basemen t rocks loca l ly protrud i ng through and standi ng wel l
above the younger sed imen tary depo s i ts .

F igu re 2. Geo logic map o f the Poway area .

LUSARD I FORMAT ION
The Lusard i Format ion crops ou t i n a narrow ,

s ix ki lometer long be l t exten d i ng eastnortheast from Poway (Fig . Apparen tly these depos i ts must have fi l led a former chan ne l ,
a l though the presen t topography i s reversed , and the depos i ts cap a long narrow ri dge with
the modern dra i nage i nc i sed deeply i n to the ba semen t complex on e i ther s i de . The r i dge i s
uti l ized as a roadway and exce l len t Lusard i exposures can be observed i n some of the cutsF i 3g

The long exposure varies i n a l t i tude from abou t 550 meters near the ea stern l im it to
less than 200 meters a t Poway . Th ickness of the Lusard i ranges from abou t 20 to 30 meters .

The westernmost Lusard i expo sure appears to fi l l a northea st-trend i ng, broad ly Vs haped chan ne l w h ich terminates a t Poway Va l ley . The chan ne l probab ly ex tends farther to
the west beneath the a l luv ium and the Eocene formation s .

The Lusard i conglomera te con si sts of extreme ly poorly sorted clasts rangi ng i n s izefrom granu les to bou l ders exceed i ng three meters i n d iameter . The c lasts range i n s hapefrom angu lar to sphero i da l ; most are at least partia l ly rounded . The co ng lomerate ma tri x i s
a poorly sorted , finer gra i ned c lastic a ssemblage domi nan tly deri ved from grus . The con

glomera te has been severe ly wea thered and ma ny of the p lu ton ic clasts have decomposed
to grus ; i n such ca ses they are d i fficu l t to d i sti ngu i s h from the matrix . A l so ,

many of the
c lasts are physica l ly d i s i n tegra ted in s i tu and yie l d sharp angu lar fragmen ts g i v i ng the un i t
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the appearance of a coarse sed imen tary brecc ia . The various c last types d i 11 er marked ly i n
res i stance to wea theri ng . Therefore,

where an ou tcrop on the surface i s i n spected , i t i s domi
na ted by the more res i s ta n t cla sts, wherea s i n a deep road cu t the en tire as semblage i s ex
po sed .

F igure 3 . Outcrop of Lusa rd i Fo rmat ion in road cut along Poway to Lakes ide h ighway about two mi les east of
Poway . Note the typical texture o f this fo rma tion . S tr iped bar used for scale in photograph i s a Jaco bs stafi'

(fi vefeet in length ).
Some of the largest c lasts are coarse—gra i ned d iori te and quartz d ior i te bou l ders

s l ightly more than three meters i n d iameter. Some o f the d iori te c la sts are severel y wea th
ered and con ta i n finer gra i n ed res i stan t xeno l i th s , gi v i ng th e appearance tha t the xeno li th s
are cobbles” i n a matri x of grus . Anot her abundan t pluton ic clast type i s a res i stan t

,
me

d ium-

gra i ned granod iori te con ta i n i ng quartz phenocrysts . The pluton ic rock types l i sted
above,

together with mi nor amoun ts of apl i te and ve i n quartz, con sti tute an est ima ted 60
per cen t of the clasts i n the conglomerate . A l l are common rock types foun d i n the Southern
Ca l i forn ia batho l i t h i n the Poway area and the region to the ea st .
O ther clast types i nclude a number of fine to very fine gra i ned , l igh t brown , green is h

gray , and med ium to dark gray metamorphosed tufls. One o f the most d i st i nct i ve and com
mon types i s a med ium gray weatheri ng we l ded tufi

‘

conta in ing finely crenu lated flow band
ing ; where broken to revea l the i n ner appearance , the rock appears very fine gra i ned , dark ,
and without i n terna l structure . O ther c last types i nclude very fine gra i ned b lack hornfelsic
rocks, and minor amoun ts of fi ne-gra i ned vo lcan ic brecc ia . A l l of these c la st types resemblesome of the more metamorphosed portion s of the San tiago Peak Vo lcan ics . The tota l as
semb lage of cla sts found i n the Lusard i i s referred to as the Pen i n su lar Ranges su i te and i s
characteri stic of Cretaceou s forma tion s i n the San D iego area (Peterson et d l. , 1968 ; Peter
son ,

1970a ; Peterson and Nordstrom ,

The Lusard i Formation was not recogn ized on prev ious ly pub l i shed geo logic maps of
the Poway area , and i t was i ncluded wi th the basemen t complex (E l l i s and Lee,

19 19
:

Han n a ,
1926a) . Li kewise i n the Rancho San ta Fe area , the type Lusard i appeared on pre



https://www.forgottenbooks.com/join


SAN D IEGO SOC IETY OF NATURAL H ISTORY VOL . 16

a long the northern margi n of M i ss ion Va l ley .

STAD IUM CONGLOMERATE
The S tad ium Conglomera te (Poway G roup) i s the th ickest , most exten s i ve,

and best
exposed stratigraph ic un i t i n the Poway area . A long the southern side of Poway Va l ley , i t i s
up to 150

meters th ick . I n the area to the northwest of Poway , i t i s up to abou t 50 meters
t h ick . Ah exce l len t section of the Stad ium Conglomera te i s we l l exposed a long Pomerado

Road i n the sou thwest corner o f the map area (F ig .

F igu re 4 . Outcrop o f Stad ium Conglomerate along Pomerado Road about one—ha lf m i le 0 11" the southwestern
co rner o f the map (Fig. No te the typica l texture of thi s conglomerate and the presence o f sand stone lenses .
Sca le i s Jacobs sta ff.
A l though the Stad ium Conglomerate i s domi na ted by conglomerate , as impl ied by thename , beds and lenses of san dston e and sha le are loca l ly ev iden t, especia l ly i n the lower

portion . The fi ner gra i ned sed imen ts i n the lower part c lose l y resemble those i n the FriarsFormatio n , whereas h igher i n the sect ion the beds and len ses of sand stone and sha le and

the matrix o f the conglomera te are c leaner, better sorted , and white to l igh t brown . Many of
the prominen t sandsto ne len ses wi th i n the conglomerate probab ly represen t san d bars de
ve loped i n a ri ver system .
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The Stadium Co nglomerate i s typica l ly fa irly we l l sorted , at lea st re lat i ve to the Lusard i conglomera te (compare Fig . 3 and C la st s izes range from granu les to bou l ders 60
cen timeters i n d iame ter, but clasts over 30 cen timeters i n d iameter are rare . Typica l ly , the
clasts are subrounded to rounded cobb les and sma l l bou l ders . The texture of the S tad ium
Conglomerate and o f other Eocene conglomera tes i n the San D iego area d i ffers so

marked ly from that of the Lusard i t hat the two may be read i ly recogn ized on tha t ba si s
a lone (Peterson , 1970a) .

The types of c lasts found i n the Stad ium Conglomera te and i n other Eocene and po stEocene formation s i n the San D iego area are h igh ly d isti ncti ve and eas i l y recogn ized . The

c lasts con si st predominan tly of s l igh tly metamorphosed rhyo l i t ic to daci t ic vo lca n ic and

vo lcanoclasti c rocks , with a sma l ler but sign ificant amoun t of quartzi te . The various cla st
types (together re ferred to as the Poway su i te of cla sts) and the ir proportion s are we l l d escri bed by Bellem in and Merriam De Li s le et d l . and Wood ford et a l.

No fossi l s were found i n the S tad ium Conglomera te of the Poway area . However, i n
other parts o f the San D iego area , the Poway G roup i nclud i ng the Stad ium Conglomera te
has y ie l ded a variety of mari ne and non -mari ne late Eocene foss i l s (Han na ,

1926b ; Dusen
bury

,
1932 ; Cus hma n and Dusen bury , 1934 ; Stock , 193 7 ,

193 8 ; K en nedy and Moore ,

Ev idently the Stad ium Conglomerate was depos i ted very near sea leve l and represen ts a variety of fluv ial , estuari ne ,
and n ears hore-mari ne depos i tiona l en vironmen ts .

RELATIONSH IP BETWEEN CRETACEOUS AND EOCENE FORMATIONS
The westernmost outcrop of the Cretaceous Lu sard i Formation i s capped by a t h i n

pa tch of the Stad ium Conglomera te . Th i s i s the o n ly loca l i ty wi th i n the map area where the
Eocen e rocks are i n con tact wi th the Lusard i Forma tion . The S tad ium Cong lomerate a t t h i sloca l i ty con si sts of a th i n cobb le conglomera te (approx imate ly 7 meters th ick), cappi ng the
crest of the h i l l , u nderla i n by a th i n (abou t 7 meters) un i t of green i sh sandstone and sha le .

Underl y i ng th i s la tter un i t i s thebou l dery Lusard i Forma tion . Expo sures of the three un i ts
are poor except for severa l road cuts . The conglomera te cap i s i den tica l i n al l respects to the
S tad ium Conglomerate as mapped throughou t the area (figure The san dstone and sha le
un i t i s l i th ica l l y iden tica l to the Fr iars Forma tion and to the len ses of sandstone and s ha le i n
the lower port ion of the Stad ium Conglomerate .

The Lusard i Formation of the Poway area i s i n terpreted as a depos i t formed by a veryfast flow ing,
turbu len t ri ver . The character o f the depos i ts suggests that the Lu sard i fi l led a

long narrow ,
fa irly steep-wa l led canyon , a l t hough th i s topography is no longer ev iden t . The

Lusard i chan ne l (or canyon) fi l l ex tended from the northeast i n to the Poway area
,
and

probab ly con ti nued far to the west of Poway .

A fter deposi t ion of the Lusard i conglomerate,
the area underwen t eros ion . A much

wider, north to sout h s lopi ng va l ley was cut across the Poway area . Duri ng, or fo l lowi ng,

th i s erosiona l epi sode the terrane (con s i st i ng of the Lusard i Forma tion and the ba semen t
rocks) underwen t severe wea theri ng . When depos i t ion began aga i n , the Eocene forma tion swere depos ited on the deepl y weathered surface,

fi l l ing i n the low area s fi rst and then lap
ping over on to the adjacen t h igh land s .

The i n i t ia l deposi ts , the Friars Forma tion , are both mi nera logica l ly and textura l ly immature . I n gross character, the coarser gra i ned sand ston es of th i s forma t ion strongl y resemble grus . The finer gra i ned portion s were no t stud ied i n deta i l , bu t casua l observa tion
suggests tha t they are dominated by wea thered products deri ved from the deeply wea th
ered basemen t complex and probably from the Lusardi Forma t ion as we l l . Much of the
fi ner sed imen ts of the Friars Forma t ion and the lower port ion of the Stad ium Con

g lomerate were ev iden tly deri ved loca l ly . The conglomera tes wi th the exotic Poway su i te of
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clasts
,
however, had to be tran sported into the area from a con siderab le d istance .

REG IONAL IMPLICATIONS
The sequence of post-ba tho l i th ic rock un i ts

'

in the Rancho San ta Fe area (Fig . 5) ih
cludes the Lusard i Format ion , which is uncon formably overla i n by the Eocene La Jo l la
G roup . The uncon formity between the two un i ts can be demonstra ted to have about 130
meters of re l ief, a l t hough both rock un i ts are essen tia l ly flat ly i ng (Peterson and Nordstrom ,

The i den tica l sequence of rock un i ts , uncon formab le relation sh ip between them , and

t h e impl ied sequence of even ts i s ev iden t i n the Poway area except that the Eocene rock
un i ts are far more conglomerat ic and appear to b e predominan tly non-mari ne .

Figure 5 . Co rrelation d iagram emphas iz ing relat ionsh ips between Cretaceous and Eocene rock un i ts in the

no rthern and eastern part of the San D iego a rea . Th ickness o f rock un i ts i s not to sca le, but i s rough ly
propo rtional .
East and southeast of the Poway area , a number of sma l l and wide l y sca ttered outcrops

of pre
-Poway fanglomerate depo si ts” were reported and b riefly descri bed i n a field trip

gu i debook (G ast i l
,
196 1 ; G ast i l and Bushee , Most of the outcrops are with i n 15 ki

lometers of the commun i ties of A lpi ne and Lakes ide (Fig . I rev i s i ted severa l of the loca l
i t ies for compara t i ve purposes . I n gross character, these depos i ts strik i ngly resemble the
Lusard i Format ion of the Poway area and the type Lusard i near Ra ncho Santa Fe . The

depos i ts are very poorly sorted and conta i n a wide variety of cla sts deri ved from the loca l
ba semen t complex (Pen i n su lar Ranges su i te) . Some of the c la sts are except iona l ly large (d i
ameter greater than three meters) and many c lasts are deepl y weathered . Loca l l y the con
glomerate has a redd ish matri x ; e l sewhere the matri x i s l igh t brown , green , or gray . C last
types characteri stic of the Eocene format ions (Poway su i te) are absen t .
Where fie ld re la tio ns are ev iden t (see especia l ly the southwest and cen tra l portion s of

geo logic map number 2 of G ast i l and Bushee
,

the
“

pre
-Poway” conglomerate ap

pears to be deeply chan ne led i nto the ba semen t comp l ex and i s overla i n by the “
Poway

Conglomerate” (or the equ i va len t Ba l lena On the ba s i s of stratigraph ic pos it ion and l i th ic s imi lari ty
,
I regard a l l the outcrops of “pre-Poway fanglomerates

”

reported
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s ion surface withou t tota l ly destroyi ng the re l ie f. Thus the uncon formity beneath the Eo
cene rocks has severa l hundred to severa l thousand feet of rel ie f, and h i l l s composed of preEocene rocks loca l ly protrude through the Eocene cover (Han na ,

1926a ; Peterson and

Nordstrom ,

With the begi n n i ng of Eocene deposi tion , the Poway su i te of clasts first arr i ved i n the
San D i ego area . The clasts were ev iden tly transported a con s iderab le d i stance

,
at lea st 100

k i lometers and probab ly more,
for there i s no known loca l source area . Poten tia l d i stan t

source area s from the Mojave Desert to Sonora , Mex ico have been proposed (De Li s le et a l. ,
1965 ; Merriam ,

1968 ; Woodford et a l. , 1968 ; M i nch , persona l commun icat ion , The

i n tent here is not to reso l ve the Poway c last provenance prob lem . I t i s suffi ci en t to say thatt hese exotic c lasts d i d not arri ve i n the San D iego area un ti l m id -Eocene t ime and thus they
have a chrono logic significance . Regard less of where they came from , th ey are abundan t i n
a l l Eocene conglomera tes of the San D iego area and are absen t i n pre-Eocene u n i ts .I n marked con trast to the Cretaceous conglomerates , the Eocene conglomera tes conta i n a very low proportion of c last types t ha t m igh t have been deri ved from the loca l basem en t rocks . Outcrops con ta i n i ng more tha n 10 per cen t c la sts resembl i ng the preba tho l i t h ic and ba tho l i th ic rocks are rare . I t shou l d be po i n ted ou t that, a l though some
c lasts resemble the loca l ba semen t rocks , th ey too may have been tran sported i n to the San
D iego area a long with the exo tic Poway clasts (M i nch , The pauci ty of loca l l y deri ved
coarse detri tus suggests that the San D iego region was re lati ve ly low ly i ng duri ng Eocenedepos i tion . Some of the fine detri tus found i n the Eocene format ions , such as tha t of the
Friars Formation and the lower portion of t he Stad ium Conglomerate near Poway , was
probab ly loca l l y deri ved and con tri bu ted by minor streams . The Poway su i te of clasts, however

,
had to be transported across the low ly i ng “o ld erosion surface” to the s i te of accumu

la t ion i n the San D iego area .

Fo l lowi ng Eocene depos i tion , the San D iego area has undergone severa l upl i fts i n
c lud i ng th e cu tt i ng of three widespread coa sta l terraces (E l l i s and Lee,

19 19 ; Han na ,
1926a ;

Peterson , 1970b) . Th i s post-Eocene upl i ft and eros ion has resu l ted i n extensi ve d i ssection of
the Eocene depos i ts , loca l ly revea l i ng the underly i ng fragmen ts o f the Lusard i Formation .
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HERPETOFAUNA OF THE PACIF IC COAST
OF NORTH CENTRAL BAJA CALIFORN IA

,
MEXICO

,

WITH A DESCRIPTION OF A NEW SUBSPECIES
OF PH YLLODACTYLUS XANTI

DENN IS L. BOSTIC

ABSTRACT .

—Three spec ies of lizards are reco rded from the Pacific slope of Baja Cali forn ia,
Mexi co , for

the fi rst t ime : a Iea f-toed gecko ,
Phy lloa

’

ac ty lus xant i sloan i n . subsp . , Crotaphy tus col laris and Sauroma lus

austra lis. The d istri bu t ion, pattern , and scu tellat ion of Gerrhonotus mult i car ina tus spp. ind icates a south
ward expans ion of i ts range s ince glac ial maxi ma v ia the coo l , mo i s t, coastal co rri do r, and i ts poss i b le in
tegradation w ith G. pauc icar ina tus. A southward coas tal corr i dor d iffus ion may also be true for Tant i l la
p laniceps ez

’

sem
’

, Coleonyx var iega tus abbott i and Lichanura roseofusca gracia . Of the 29 species of amphib i
ans l izards and snakes ( 1 1) collected , only one l izard . Cnemidophorous labia l is, is cons i dered eudemic to the Central Desert of Baja Cal i forni a . Homogene i ty of hab i tats , the moderate cl imate and the extir
pation of the Pen insular desert he rpeto fauna during glac ial maxima probab ly have been importan t factors
in reduc ing or l i m i ting spec ies d i vers i ty and endemism .

INTRODUCTION
The coasta l deserts of North America, of whi ch more than 2000 mi l es are confined to

Baja Ca li forn ia and Sonora , M ex ico , rema in b io logica ll y unknown because of the ir re lat i vei naccessi b i li ty , lack of potab le water, and rugged terra i n . W iggin s ( 1960a) ident ified these
and other region s i n Baja Ca l iforni a as in need of more care ful b io logical explorat ion . O ne
area he men tioned was the Pacific coasta l region between E1Rosario (30°N) and the south
ern boundary of the state of Baja Cal iforn ia (28 °N ; Fig. Exclud i ng the immed iate areas
of E1Rosario and Rosari to, where the ma i n road approaches wi th i n ten mi l es of the ocean ,th i s region has not been exp lored herpeto logically .

In the spring and summer of 1969, I made several trips (Tab le 1) i n to the area i n order
to : 1) better ascerta i n the d istri but iona l l imi ts of th e herpetofauna ,

2) gath er eco logica ldata ; and 3) co l l ect specimens for stud ies of geographi cal variat ion and evo lution .

METHOD S AND MATERIALS
A Taylor s li ng psychrometer and a Dwyer wi n d gauge (0-60 mph) were used to meas

ure re lat i ve humid i ty and wi n d speed . A Taylor so il thermometer (0-50°C) and a mul ti
chan nel te le-thermometer un i t were used to record so il (approxima te ly 0.5cm benea th
surface) and a ir tempera tures (approximate ly 0.5cm above surface) . T ime (Standard) i s ex
pressed i n 24 hour fash ion . Throughout th i s paper when coun ts or measurements are presented i n the following mann er : th e first figure refers to the ari thmetic
mean , t he second figure to the standard error of the mean , th e figures i n paren theses to the
range, and the last figure to the number of observat ion s . Occa s ional ly , the standard error ofth e mean i s omitted , but the order, with th i s except ion , rema i n s the same . Standard dev ia
t ion i s i n d icated by S .D .

A11 snout-ven t measuremen ts have been rounded off to the nearest whole number and
other measuremen ts to th e nearest ten th .

W i th in each major systematic groupi ng th e species are arranged alphabetica l l y by
genus . I have not been con s isten t in the treatment of subspecies and have omitted ava i lab letri nomi a l s where geograph ica l vari at ion i s poorly known . Al lmateri a l col l ected has been
depos i ted in the co l lect ion s of the San D iego Society of Na tural H i story .

SAN DIEGO SOC. NAT. HIST. ,TRANS . 16 237-264, 25 AUGUST 197 1
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F igure 1 . Map of the cen tral regi on of Baja Cal i forn ia,
Mexi co . Mod ified from G erhard and Gul ick , 1966 .
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Mart ir, i n the ea st by the pen i n su lar d iv i de,
and i n the south by the northern and north

western borders of the great lava plateau , but with a Pacific strip extendi ng further southward to the v ici n i ty of Comondu . Th i s semi-ari d region was first named the V i zca i no Desert
D i strict by Ne lson ( 192 1) who made a b io logica l survey of the pen i n su la i n 1905- 1906 .

S i nce then it has been ca l led the San Borja Desert (Sauer and Me igs , the V izca i no
Magda lena Desert (Jaeger, the Cen tra l Desert (Aschman n , the Peni n su lar
Desert (Savage,

and the V i zca i no Region (Shreve and Wiggi n s,
Sauer and Meigs’ ( 1927) San Borja Desert, based on a socio-economic d i v i s ion of the

mission era ,
impl ies too restricted a geograph ica l area ,

and Savage’s ( 1960) “Pen i n su lar
Desert

,

” i s too i nclus i ve . Jaeger’s ( 1957) “V izca i no-Magda lena Desert” i s m i slead i ng . The

Magda lena Pla i n , farther south on the Pacific dra i nage of th e pen i n su la d iffers florist ical lyfrom the V i zca i no Region (Shreve and Wiggi n s , I have chosen to ca l l the area the
“Cen tra l Desert” as suggested by Aschman n ( 1959) because i t seems des irab le to restrict the
V i zca i no Desert , i n accordance with loca l pract ice, to the dry coa sta l p la i n west of San Ignaci o .

CL IMATE
U nti l 1963 few c l imato logical da ta were ava i lab le for Baja Ca l iforn ia , most of which

were qua l i ta ti ve .
Importan t add i t ion s to these data were presen ted by Hasti ngs and Turner

( 1964, 1965a) and Hast i ngs and HumphreyC l imato logica l ly , the Cen tra l Desertmay be classified on the origi n of i ts cl imate (caus
a l ly) and on the nature of i ts temperature (therma l ly), part icu larly i n the wi n ter. Causa l ly , i t
i s a coo l coasta l phase of a subtrop ica l desert, the Sonoran ; th erma l l y , i t may be classified as

temperate .

The surv ey area i s i nc luded with i n Me igs’ ( 1966) fog type of temperate desert, and i n
the system of nota tion used i n the UNESCO ari d homocl imat ic maps (Me igs , 1953) wou l d
be class ifi ed as Ac23—a desert cl imate with wi n ter precip i tat ion , the co l dest mon th be i ng
between 1O°C and 20

°
C (50

°
-68

°

F) mea n temperature ,
and the warmest mon th between

20
°
-30

°
C (68

°
-86

°
F) mean temperature .

Tab le 2 . Irregular observat ions (n ) of w ind veloci t y and d irect ion .

W ind Veloc i t y (mph )
0700 I 100 1 500

WNW (5 ) WNW (5 )

Augus t

The cl imate of the western coasta l fri nge of the Cen tra l Desert i s greatly influenced by
the co l d Ca l iforn ia Curren t of the Pacific Ocean and the preva i l i ng westerly wi n ds (Tab le 2)which move layers of coo l , mo i st a i r i n land benea th dry descend i ng a i r, produci ng consi d
erab le fog and cloud iness , but no precip i tat ion , and very mi l d cond i tion s .I n our survey , on shore movement of the mo i st mari ne a ir

,
o ften as fog or low clouds,
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F igure 2. Relati ve humid i ty recorded in the Paci fi c coastal s trand of the Cen tral Desert of Baja Cal iforni a del
Norte, Mexi co ,

du r ing June, July and August, 1969 . The first figure refers to the ari thmeti c mean , the figures in

paren theses to the ranges, and the las t figure to the number of measurements .
genera l ly began i n mi d-afternoon when wi nd veloc it ies were greatest (Tab l e The re la t i ve
humid i ty i ncrea sed i n m id-a fternoon and dropped sub stan tia l ly i n m id-morn i ng when the
fog and cloud cover d iss ipa ted (F ig. The frequency and exten t of the fog or cloud coverd imi n ished rapi d ly with d i sta nce from the ocean . A l though Arno l d ( 1957) reportedfrequen t fogs i n the Chapa la Ba s i n , about 25 mi les from the Pacific, dur i ng t he Spri ng andsummer of 1949 and 1950, fogwas se l dom observed duri ng th i s survey more than five mi lesfrom the ocean .

By la te even i ng, a long the coasta l strand , v i s i b le drops of condensat ion formed onthose objects tha t had coo l ed most rap i d ly a fter sun set, and by early morn i ng substan tia l
amou nts of water, o ften 100 ml . or more, were presen t frequen tly i n the depress ion s of rocks
and i n the ax i l s of th e ba sa l leaves of Agave. S im i larl y , i n the sandy so i l beneath woody
shrubs the exten t of th e plan t drip was not iceab l e and , as recorded by Wiggi n s ( 1969) forshrubs of t he V izca i no Desert, o ften the subso i l was dampened to a depth of 4-5mm . Dr.

James R . Hasti ngs (pers . comm .) noted tha t on foggy morn i ngs i n the V izca i no Region the
ground was v is i b ly more mo i st un der Op unt ia chol la and Machaerocereus gummosus than
i n open spaces , and that ri vu lets of conden sa te were observed run n ing down the upper, con
cave surface of the leaves of Yucca va l ida andAga ve sp . , be i ng fun neled toward the caudex .

Hasti ngs and Turner ( 1965b) suggest tha t some p lan ts of the V izca ino Region may u ti l izethe fog drip as a major source of wa ter. Certa i n ly the common epiphte Ti l landsia recurva ta,
wh ich grows on woody shrubs and succu l en ts, i s depen den t upon dew ,

as are many of the
l ichen s of the coa st such as Rama l ina ret icula ta . D i stri bution of these mo i sture-depen den t
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F igure 3 . So i l temperatures recorded at var ious collecting stat ions in the Cen tral Desert of Baja Cal i forn ia,Mexi co ,
dur ing June ,

July and August, 1969. See Fig. 2 for explanat ion of figures.

p lan tsmay serve to del im it the coasta l area of the Cen tra l Desert .
As noted by McG inn ies et a l. evaporat ion retards heat i ng of the so i l and vege

tation
,
and may el im i na te or reduce excessi ve hea t loads , or i t may keep th e p lan t temperature below tha t requ ired for optimum growth . Th is factor, concomitan t with the

tempera ture stab i l izi ng eff ect of the ocean i tse l f and the preva l ence of strong, preva i l i ng
on shore wi n ds

,
may be importan t i n ma i n ta i n i ng a d i st i nct ion between the east and west

coast floras .
The Pacific coa st of Baja Ca l iforn ia as far sou th as Bah ia Magda l ena ,

with a mean Jan
uary temperature above 18 °C (64 .4

°
F) and a subtropica l c l ima te , rece i ves i ts maximum

precip i tat ion i n wi nter (December-February), with the Cen tra l Desert rece iv i ng a wi nter
average of 56mm (Hast i ngs and Turner, 1965a). Win ter storms general ly cover a large area ,

are re lati vely gen tle and may persi st for days . But on ly i n tha t area north of the Cen tra l
Desert, the approx imate sou thern l im it of the S ierra San Pedro Mart ir, do surface and

ground water occur with any regu lari ty . Near the coasta l strand , th e on ly surface waters
encoun tered tha t were read i ly access i b le to wi ld l i fe were the spri ngs of San Fel ipe (Fig . 5)
and Las Pa lomas

,
a sma l l stream i n San Jav ier Arroyo (Fig. and numerous “t i najas” or

tanks i n the gu lches and sma l l canyon s of the footh i l l s .
Precipi tat ion i n fa l l (September-November), spri ng (March-May) and summer (June

August), i n that order, i s progress i ve l y less . I n summer, when re lati ve humid i ty tends to be
low ,

ra i n fa l l i s l im ited to thunder storms wh ich are loca l ized , relati vely i n tense and of short
dura tion . Ra i n fa l l from such storms was experienced on 24 June and 24 August .
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concentrates at the base of s lopes , the vegeta tion i s fa irly abundan t . The most conspicuous
peren n ia l plan ts of the Cen tra l Desert l i sted by Wiggi n s ( 1960b), Shreve and Wiggi n s

and Aschman n i ncluded the fo l lowi ng : Agave spp .
,
Ambros ia chenopod i i

fo l ia, Ambros ia magda lenae, Yucca va l ida, Idr ia columnaris, Machaerocereus gummosus,

Larrea d i varica ta, Ly cium ca l ifornicum, Atr ip lex p oly carpa, Viguiera deltoidea, Dudleya

spp .
,
Encel ia spp . ,

Euphorb ia spp . , Op unt ia cholla,
Visca inoa geni cula ta, Pachy cereus

p ring lei , L0ph0 cereus schot t i i, Echinocereus brandegeei, Fouquier ia sp lendens, Prosop is spp . ,

Cercid ium spp .

,
Solanum spp . , and Pachycormus d isco lor.

A l so common i n appropriate coa sta l strand hab i tats were Frankenia pa lmeri, A trip lex
canescens andAtrip lexj ulacea .

SPEC IES ACCOUNT
AMPH IB IANS

Bufop uncta tus
Each even i ng a t San Jav ier Arroyo (Fig . 6) tri l l i ng choruses of toads were audib le . On

the even i ng of 14 Ju ly severa l pa irs were observed i n amp lexus a long a 100 meter stretch of
a stagna n t stream . The tadpo les , with wel l-developed hind l imbs, were co l lected from a

sma l l , sha l low , a lgae-covered poo l . A tota l of 83 specimen s (65 adu l ts , 18 tadpo les) weretaken a t Sta tion 3 8 .

Hy la reg i lla desert ico la
Ten adul ts and two tadpo les of th i s race (see Jameson et a l., 1966 , for d i stri but ion and

characters) were co l l ected at San Fel ipe Spri ngs (Sta . 8 ; Fig . a sma l l peren n ia l spri ngmarked by luxurian t vegetat ion con si st i ng of cottonwoods, wi l lows, fan pa lms, cirio, pi tahaya and tu l es . The adu l ts were found beneath rocks and i n the gra ss and tu l es surroundi ng
the ma i n body of water, a sha l low pond abou t five meters wide . The tadpo les were co l lectedi n another sma l l poo l .

Twen ty-fi ve adu l ts were co l lected from rock crev ices and from benea th rocks flanki ngthe stagnan t San Jav ier stream (Sta . 3 8 , F ig . Adu l ts ca l led la te i n to the even i ng.

L IZARDS
Ca ll isaurus draconoides cr ini tus

These l izards were confined to a coasta l (Sta . 40 ; 8 specimen s) and i n land (Sta . 4 1 ; 28

specimen s) sand dune hab i tat . Many i nd i v idua l s were approached with i n severa l feet and
co l lected by stun n i ng t hem with six-i nch rubberband s.

N i ne of the 18 fema l es co l lected between 15- 17 Ju l y had yo lk- laden ovar ian ova

greater than 3mm in d iameter, and four of the 18 con ta i ned ov iduca l ova . The mean length
and wid th of ovarian ova i n the left and righ t ovaries were by
and by respect i ve ly . O v i duca l ova i n the left ov iduct measured

by and i n the righ t ov iduct by
Ma le cr ini tus average longer than fema les ; mean length s for 18 ma l es and 18 fema lesbe i ng 68 .4mm (range 47-82mm) and 59 .9mm (range 46-68mm). The mean test i s size of theseries co l lected i n m id-Ju ly was4 .6mm(range

-5 . 8mm) by 3 . 1mm(range The

righ t testi s was an terior to the l e ft i n al l ma les examined .

Measuremen ts and coun ts of cr ini tus are summarized i n Tab l e 3 . The di stance between
the an terior edge of the most an terior ven tra l ta i l bar and the posterior margi n of the anus, a
‘
A l ist of other dom inant plants representative of the major herpetological co l lecting stations in th is area , i s filed w i th the Na
t ional Aux i l iary Pub l ication Service of the Ame rican Soc iety for Information Serv ice , and may be ob ta ined by ordering NAPS
Document 0 1 547 from ASIS National Aux i l ia ry Publ icat ion Serv ice , CCM Information Co rp , 909 Th i rd Ave .

,
New Y ork, N .Y .

10022, remitt ing $5 per photocopy or $2 per microfi che copy .
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measurement suggested by Dr . Benjamin Ban ta ,
read i ly separates cr ini tus from rhodos

t ictus and appears to be much more re l iable than the d iagnostic characters used prev iously
to separa te these races (see Tev is , The number of ob l ique latera l bars was var iab le
among the 35 crim

’

tus examined ; n i ne had none ; three had two, two had four, and 2 1 had
the three characteri stic of the race .

Except for s nout-ven t length , th e on ly importan t sex d iff erence was the h indl imbl ength : ma les , fema l es , Al so, fema l es tended to lack the ob
l ique body bars more frequen tly than ma l es ; eigh t fema l es out of the 18 had none , whereas
on ly one of 17 ma les lacked the bars en tirely .

Ca l l isaurus
'

dracono ides rhodost ictus

I nd i vi dua l s of rhodost ictus were genera l ly confined to san dy was hes and broad , sandy
arroyos . At the most i n land co l lecti ng stations , where the so i l i s large ly decomposed gran i te,

F igure 5 . S tat ion 8 , San Feli pe Spr ings (in arroyo de San Fern ando), about n ine mi les NE of the arroyo
coastal road junct ion . Several adu lt Hy la reg i l la desert icola were collected beneath rocks and in the grass andtu les surround ing the ma in body of water (see arrow) ; tadpoles were collected in another small pool of water no tv i s i ble in pho tograph .
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Tab le 3 . Measurements and coun ts of Ca ll isaurus dracono ides cr in i tus and C . d . rhodost ic tus .

Snout-ven t length

Ratio , tai l : to tal length

Di stance between arms to most
anteri or ventral tail bar

H ind limb length

Ventral bod y bars

Ventral tai l bars

Femoral pores‘

l
Femoral pores counted on one side only .

rhodost icus were often observed baski ng duri ng mid-day atop sma l l rocks .
On ly four of th e 17 fema l e rhodost ictus co l lected had en larged yo lk-laden ovarian ova,

[mean s ize : by and none had ov iduca l eggs . The specimenswith en larged ovari an ova were co l lected i n late August, whereas the crini tus, four of which
had ov i duca l ova ,

were co l lected i n m id-Ju ly . Th i s suggests that egg lay i ng among crini tus
and rhodost ictus ceases between the en d of July and August i n th e Cen tra l Desert .
Ma les tend to be larger than fema l es ; ma l es had a mean snou t-ven t le ngth of
and fema les a mean snout-vent length of The testes of eight rhodos

t i ctus averaged 15 by The righ t testes was an terior to th e l eft i n allma l es examined , and was usua l ly s l igh tly larger .

O ther coun ts and measuremen ts for rhodost ictus are presen ted i n Tab le 3 . The mean
h indlimb l ength , for ma l es and for fema les

,
and th e mean

snou t-ven t length , prev ious ly men tioned , were the on ly apparen t quan ti tat i ve d iff erencesbetween the sexes . Specimen s were co l l ected at Stat ion s 10 (4 specimen s), 1 1 12 13

Cnemidophorus hyp ery thrus schmidt i

Wa l ker and Taylor ( 1968) i n the ir pre l im i nary trea tment of the geograph ica l variation
among the “

hypery thrus
-l i ke” popu la tions of Baja Ca l i forn ia lacked sufii cient materia l

from Cen tra l Baja Ca l i forn ia to determine th e variat ion and d istri bu tion of schmidt i . The
specimens co l l ected i n th i s study po ssess a si ngle mid-dorsa l l i n e , forked an teri or ly , which i s
characteri st ic of schmz

’

d t i (Lindsda le,
1932 ; Murray, Da ta concern i ng scute l lation

and pattern of those specimens are summarized and compared to s im i lar data for hype
ry thrus and beld ing i i n Tab l e 4 .

Murray ( 1955) i n d icated tha t schmid t i cou l d read i ly be d ist i ngu i shed from hypery thrus,
the southern race,

by the arrangement of the mid-dorsa l l i n es . Separat ion of schmid t i from
beld ing i, the northern popu lation , i s based presen tly on the number of supraoculars sepa
rated from the fron ta l by granu l es and less con si sten tly by the presence of two mid-dorsa lstripes (Tab le My data concern i ng the degree to which the supraoculars are separatedfrom the fron ta l by granu l es show that th is character i s of l i tt le d iagnost ic va lue when con
sidered a lone (Tab le An apparen t d iagnost ic d ifference among the three popu lations i s
the number of granu les around mid-body , i n termed ia te i n schmz

’

dt i (Tab le
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The specimen s, a l l adu l ts, showed a da i ly act i v i ty cycle and occup ied hab ita ts s im i lar
to those prev ious ly recorded for the species (Bostic,

Scute l lation and coun ts for Cen tra l Desert specimen s were as fo l lows : granu l es aroundmid-body , granu les separati ng paravertebra l stripes , 8 .4 i 0. 1(6femora l pore sca les , left , 13 .6 i 0 . 1( 1 1 right, 13 .5 i 0 . 1( 1 1 Specimen s weretaken at Sta tion s 2 26 28 3 1 33 36 37 4 1

F igure 6 . S tation 38 , San Jav ier Arroyo . Several Bufopuncta tus tadpoles were collected from the small, shallow
algae-covered pool of water in the fo reground . Adul t B . puncta tus were part icularly abundant, and many were
observed in amplexus . A Sauroma lus austra l is was collected from with in a crev ice of the gran i te-strewn westslope (see arrow) . Phy llodacty lus xan t i sloan i were also collected beneath the exfol iat ing slabs of gran i te rock .
Cnemidophorus t igr ismul t iscuta tus

Th is species was rela t i ve l y common throughou t the survey area , but d i ffi cul t to co l lect .
I n d i v idua l s were most act i ve dur i ng the mid-day hours, when they were frequently observed foragi ng from shrub to shrub . They preferred the so ft so i l (san d and decomposed
gran i te) of th e washes and arroyos to the compacted , rocky so i l of th e mari ne terraces .

Se lected characters for the specimen s co l lected are as fo l lows : Postantebrachials gran
u lar i n al l bu t three i n d i v idua l s

,
wh ich have these s l ightly en larged ; supraorb i ta l sem i-ci r

cles norma l , except for two specimen s i n wh ich they extend past the posterior margi n of thefron ta l ; an terior nasa l not i n con tact with the second supra lab ia l i n a ll but e ight l izards ;fron to-

parieta l d i v i ded i n a l l but one specimen ; number of supraocu lars 4-4, except forseven specimen s wh ich have 5-5 , 4-5 , or 4-3 supraocu lars ; granu les around body ,
90 .6 i 0 .7(82 femora l pore sca les (le ft), SD . femora l poresca l es (righ t), 19 .9 i 0 .2( 16 SD . Specimen s were obta i ned at Sta tions 2 5

20 2 1 26 3 1 33 36 38
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Coleonyx variega tus abbott i

These specimens agree c losely with Klauber’s ( 1945) origi nal description , confirm the

presence of the race i n the Cen tra l Desert, and support Klauber’s ( 1945) ten tat i ve a ss ignment of a damaged spec imen at Ca lma l l i’, seven mi les NW of E1 Arco ,
to th i s subspeci es .

One i n d i v idua l was found benea th a sma l l s lab of sha le on the SW s lope of a clay-li ke footh il l (Sta . and two were co l l ected beneath the ba sa l l eaves of deadAgave at Stat ion 3 8 .

Crotaphy tus collar is

One speciment from Station 20,
an adu l t ma le , represen ts th e first recorded occurrence

of Crotaphy tus ca llaris west of th e pen in su lar d iv ide (Van Denburgh ,
1922 : 109 ; Smi th and

Taylor, 1950 :
The

'

collecting stat ion ,Mesa de San Carlos, i s a broad tab le-topped mou n ta i n n ear the
coa st, which ri ses to an al ti tude of from 422 to 739 meters . The above i n d i v idua l was ob
served foragi ng among large basa l t ic rocks on th e edge of the mesa at approx imate ly 1400
hrs. Anoth er C. ca llaris was observ ed baski ng at 1730 hrs. on a sma l l rock, part of a largebasa l t ic rock outcrop, surrounded by low shrubs on the mesa proper.

Crotaphy tus wisl i z eni copei i

A si ngl e juven il e from S ta tion 20 agrees i n scutellat ion and pa ttern wi th Ba n ta and

Tan ner’s ( 1968) accoun t of the race . I t was foragi ng in the la te a fternoon in a sandy wash
th ickly overgrown with xeric vegetation .

Gerrhonotusmult icar ina tus ssp .

Tab le 5 shows that the Cen tral Desert specimen s agree c losely with G. paucicar ina tus i ndegree of keel i ng and i n some deta i l s of pigmentation . They appear more l ike G. m. webb i i n
numbers of longi tud i na l dorsal sca l e rows , and dorsal pattern ; they have an i n termed iate
pos i tion between p aucicarina tus and webbi i n numbers of tran sverse dorsa l sca l e rows, de
gree of keel i ng and numbers of keeled temporal sca l e rows , latera l fo l d pigmenta tion andven tra l marki ngs . Co lorat ion and over-all pa ttern among the i n d iv idua l s show con siderablevari at ion . Some resemb lepaucicar ina tus and oth ers webbi . I n d i v idual coun ts and measurements of the Cen tra l Desert specimen s appear i n Tab les 6 and 7 .

The above ev idence suggests in tergradation ’

between G. paucicarina tus and G. mult i

car ina tus. However, s i nce a gap of about 250 mi les separates th ese popu lat ion s , i t wou l d be
prema ture to make a formal nomenclatura l change at th i s t ime .

The Pacific coasta l stran d i s su i tab le for th e southern d ispersa l of G. mult i carina tus.

S imi larly , G. paucicar ina tus, o nce be li eved to occur on ly i n the h igh land area of the Cape
Region , has now been recorded in the lowland area of the Cape (Ri chmond , and mayhave d ispersed farther northward a long th e Pacific Coast where coo l , mo i st en v ironmentssu i tab le for angu idspreva i l .

Savage ( 1960) surmised that paucicar ina tus separated from mult icar ina tus duri ng a

Ple i stocene glacia l max imum , but whether th i s i so lation has resu l ted i n eco logica l and / or
reproduct i ve i so lat ion i s unknown . The V iz ca i no Desert i s a poss i b le barri er prevent i ngtheir con tact . From here south through the Magdelena Pla i n s region , coa sta l precip i tat ionis unpred ictab le , and often a summer phenomenon .

These specimens together with a specimen of G. mult i car ina tus ssp . from the Pacific
coast west of Pun ta Prieta (Bogert and Porter, 1967 : 15) are t he first of Gerrhonotus from the
Centra l Desert . Six were co l lected beneath dead or part ia l ly dead Aga ve, and two beneat h
pieces of t i n at the abandoned settlement of Las Pa lomas . None of the exami n ed fema l es ,
co l lected i n Ju ly

,
had en larged yo l k- laden ova or ov i duca l ova , bu t th e ov i ducts i n al l were

h igh ly va scu larized and con vo lu ted .

Specimen s were obta i ned at Sta t ion s 3 1 33 36 and 38 Add it ional speci
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men s examined—two G. mult icarina tus ssp. [SDSNH 450 16
,
24 December 1969, Sta . 3 1 ;

Ameri can Museum of Nat iona l H i story (AMNH) 75765, 22 Apri l 1956 , 5 mi . NE of Pun ta
Sa n ta Rosa l ia]; 18 G. paucicarina tus from the Cape Region of Baja Ca l iforni a (SDSNH
45006-450 10, 45033 , 45095

-45098 , 45 100-45 10 1 , 45 103-45 106 , 53057

Tab le 5 .

and G . mult icar ina tus webbi .

Charac ter
Average Snout-vent length
Scutel lation
Dorsal Scale Rows
Transverse
Long i tud inal

Ventral Scale Rows
Transverse
Longi tud inal

Pigmentation

Dorsal Head Spo tting

Bod y Band s

La tera l Fold

Ventral Mark ing s

’From F i tch ( 193 8 )

G . pauc icar ina tus

1 30

None

Present (d i s t inct )
Unknown to me .

Di s t inct
Norma l ly d ist inctl ybanded w i t h a l ternateb lack and whi temarkings.

1 1 . 1 (n 10 ) when
comp lete, but o ftenband s are incomp le te
dorso la teral ly . Whi temark ing s are reducedla terall y and usual ly
absen t m id-dorsal ly .

Ground color
predom ina tes wi th
narrow b lac k l ine s .

Along m idd le oflong i tud inal scale
rows form ing d i s t inc tlong i tud inal l ine s inmo s t .

2From F i tc h ( 193 8 ) excep t where no ted .

Moder
a tely inden ted wi thwh i te mark ing s on
fifth or s i x t h scale row
above lateral fo ld . The
wh i te m id-dorsal ly i s
u sua ll y ind i s t inct .
G round co lor
predom ina tes wi thlarge wh i ti sh spo tsd i s t inc tly ou tl ined and
compo sed of groups
of wh i te scales ; blackmark ings when presen t
fa int ly d i ffuse .

Along m i dd le oflong i tud ina l scal e
row s form ing d i s t inc t
to faint long i tud inall ines .

Compari sons be tween adul t G errhono tus pauc icar ina tus, G . mul ticarina tus ssp

Ab sent (normal ly )
Yel low
Faint
Uni co lor or the
supralab ialsmay be

fa in tly edged wi th
b lack .

-1 3 ) 3 8 ; deep1y
indented wi th d i stinct
whi te markings on
fifth scal e row abovela teral fold and inm idd le of back .
G round co lor
predom ina tes wi thsca ttered wh i te spots
but no b lack marking s .

A long mi dd le oflong i tud ina l scale rowsform ing fa in t longi
tud inal l ines in mo s t .

°From Murray ( 1955 )
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Phrynosoma corona tum

Two act i ve specimen s were co ll ected on a flat , sandy substrate sparsely covered Wl th
low shrubs, and one was collected at 0650 hrs. by raki ng the sand beneath a hummock cov
ered wi th ragweed ; i t was relati vely s luggi sh and made no a ttempt to elude capture . These
specimen swere taken at Stat ion s 9 14 and 4 1

Phyl lodactylus xant i sloani new subspec ies 3

Ho lotype.
—Adu l t fema l e (Fig. SDSNH 45895, co llected m il es SE of E1Rosari o

Baja Cal ifornia del Norte , Mexi co,
from a crev ice m a block of shale

by Thomas Cozens on 3 1 March 1969 .

0

Para types.

—AI1 seven teen paratypes co llected are from Baj a Cahforma del Norte,
Mexi co : SDSNH 45896 , Sta . 9 ; SDSNH 45897

-45898 , Sta . 25 ; SDSNH 45899
-45900, Sta .

26 ; SDSNH 4590 1
-45907, Sta . 3 1 ; SDSNH 45908 , Sta . 33 ; SDSNH 45909

-459 12, Sta . 38 .

F igure 7 . Ho lotype (SDSNH 45895) of Phy llodacty lus xant i sloani .
Diagnos is.

-Th i s race d iffers from al l other races, except noct icolus, confined to southeastern Cal iforn ia and the eastern desert region s of Baja Cal iforn ia, and angulus, occurri ng
on I slas Sa l s ipuedes and San Lorenzo I s lan d , Gu l f of Ca l iforn ia, by the absence of thi ghtubercles (see D ixon , for d iagnost ic accoun ts of the races of P . xant i ) ; from
angulus i n larger snout-ven t length (5 1 . 1mm vs. 43 .8mm), less numerous mi d-orb i ta l sca l es

vs. and fewer paravertebra l tubercles from axi l la to gro i n vs. and from
rear of head to base of ta i l vs. from noct icolus i n l ess numerous longi tud ina l
rows of ven tra l sca les vs. and fewer tubercl es in a paravertebra l row between
axi l la and gro in vs.

Descrip t ion of holotyp e.

—Rostra1 twice as wide as h igh , i ts dorsa l edge wi th two rec

tangular intemasa ls, their median edges i n broad con tact, bordered posteriorl y by five
granu les and postnasal on each side ; nostri l surrounded by rostra l , intemasal , lab ial , and
two postnasals; i ts ven tra l edge i n con tact with lab ia l ; sl igh t depress ion between in ternasals
and i n fron ta l region ; 20 sca l es between eye and nostri l ; posterior dorso la tera l loreals three
to four times larger than i n terorb i tal sca l es ; 15 sca les across snout b etween second labia l s,
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17 between th ird lab ia l s ; 12 sca les between an terior edge of orb its ; 20 i n terorb i ta l sca l es ;
eye large, con ta i n ed i n snou t length approx ima te ly .one and one-ha l f times ; eyeli d wi th two
rows of granu l es and one larger outer row of sca les

,
the la tter with seven posterior sca lesbeari ng spi nes ; d iameter of ear con ta i ned i n d iameter of eye s li gh tly less than two t imes ; ear

openi ng not den ticu late, an terior border with roun ded and s li ghtly po i n ted sca les , posteriormargi n wi th sma l ler rounded sca les ; top and rear of head granu lar, with fa i n tly kee led ,larger, i n termi xed tubercl es ; 12 supralab i als, seven th to cen ter of eye ; 1 1 infralab ia ls, fi fth
to cen ter of eye ; men ta l l yre-s haped , lengt h and width equa l ; postmentals fo l lowed by a
tran sverse row of eigh t sca les, fol lowed by a second row of 12 sma l ler sca les ; postmentals

contact i ng first lab ia l on r ight and left s ides .
Dorsum with 12 longi tud ina l rows of en larged , kee led , somewha t flattened tubercl es,

1 1 rows reach i ng head , s ix at ba se of ta i l ; 39 paravertebra l tubercles, 24 between axi l la and

gro i n ; two med ian rows of enlarged tuberc les separated from each other by two and three
rows of granu l es ; each tubercle of en larged dorsa l seri es separa ted from proceed i ng tu
b ercle by one to three granu l es ; three postana l tubercles on e i ther si de of anus

,
well di ffer

entiated ,
rounded ; 35 sca les across ven ter, 72 from gu lar region to anus .

Ventra l , an tero-dorsa l surfaces of l imbs with large c ircu lar sca les , postero-ventra l sur
faces granu lar ; lower arm and leg granu lar, with sca ttered larger, kee led tubercl es i n termix ed ; lamel lae formu la for left han d 7-9- 10- 1 1 -8 (und i vi ded 2-6-7-8 left foot 6- 10- 12
13 - 1 1 (und iv i ded 5-8-8- 12 c laws short, tip barely v i s ib le‘ when v iewed from below ; termina l pads rounded at tips ; ta i l m i ss i ng.

Measurements inmm.

—Snout-vent length 53 ; headwid th head length axi l la
gro i n l ength

Color in a lcohol.—M i d-dorsum ground co lor p i nki sh-tan ; dorso-latera l surfaces b lue
gray . Ven ter l ight p inki sh-tan ; dorsum w i th six redd ish-brown broken crossban ds , s l igh tlynarrower than ground co lor i n terspaces ; dorsa l and latera l surfaces of head spotted wit h
l ight brown ; area posterior of eye orb its, but anterior to first dorsa l band , spotted with l igh tbrown on a tan groun d co lor ; dorsa l surfaces of l imbs with brown spots ; t ips of en largeddorsa l tubercles cream , brown , or brown and cream .

Var ia t ion.

—No sexua l d imorph ism in s ize, co lor, or pattern i s ev iden t . Coun ts andmeasuremen ts are as fo l lows : Snout-vent length 5 en larged seri es of dor
sal tubercles, 1 1 .8 i 0.3(9 postmen ta l border sca l es , 7 .3 t 0.2(6 nostri l to eyesca l es , 10 .5 i 0 .2(9 sca l es borderi ng in ternasals, 6 .8 t 0 . 1(5 i n terorb ital sca l es,
1 8 .0 i 0.3 ( 15 thi rd lab ia l sca l es, lame l lae benea th fourth toe,
12.5 i 0.2( 1 1 sca l es across venter, 27 . 1 i 0.9(2 1 number of paravertebra l tu
bercles, 37 .8 t o.7(32 axi lla to gro i n , : t 0 .3 (17 Of the 18 specimen s , a ll but
one have the postmentals con tacting two lab ia l s on each side . There are two postmen ta ls in

all but two i nd i v idua l s, wh ich have three . The number of i n terorb ita l sca l es i s a lways equa l
to or more than the number of sca l es across the s nout between th ird lab ia l s . The co lor pattern vari es from incompl ete , irregu lar bands, and spotti ng to comp lete bands on the dorsum
(F ig. The ground co lor ranges from redd i sh-brown to gray-brown . The ven ter of al l spec
imens i s immacu late .

Remarks.

—These specimen s are the first of P . xant i from the Pacific s lope of the pen i n
su la (see D ixon , 1966 , F ig . Al l i n d i v i dua l s were col l ected beneath exfo li ati ng s labs andi n fracture crev ices of grani te and sha le, predominate ly the la tter (see Fig. Th is subspeci
fic ep i th et honors All an J S loan , Cura tor of Repti les and Amph ib ian s, San D iego Museum
of Natura l H i story , whose ass i stance , en thusia sm and support were large ly respon sib l e for
making th i s survey a rea l i ty .

Range.

—Known from miles SE of E1 Rosario 1 15
°
33

’W) to San Jav i er
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1 14
°

05
’W) on the west coast of the pen in su la .

Specimens examined.

—The 18 spec imen s examined are l i sted under type and para
types .

F igure 8 . Do rsal variation among spec i men s of Phy llodacty lus xant i sloam‘

co llected along the Pacific coas ta lstrand of the Cen tral Desert of Baja Cal i forn ia del No rte
,
Mexico .

Sauroma lus austra l is

An adu l t ma le was co ll ected from deep with i n a crev ice on the a fternoon of 12 July
1969 approximately 15 yards up the steep gran ite-strewn west s lope of Arroyo San Jav ier
(Station 3 8 ; see Fig .

Desp i te two addi tiona l days worki ng su i tab le hab i tats i n and around the arroyo,
no

other Sauroma lus were observed . Tha t th i s spec imen was not a “wa i f, however, was in
d icated by large amoun ts of dried feca l materia l , and by the observa tion of s imi lar largel izards by a residen t rancher, Senor Lopez of “M i Ranch i ta ,

”

who stated tha t chuckwal las
cou l d be found about three mi les to the ea st of h i s ranch .
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Tab le 8 . Scu tel la ti on and measuremen ts of adul t Sce loporus mag is ter rufidorsum .

Central De sert Specimens
1955 )

Snout-ven t length -maximum
Ra t io , tai l : snou t-ven t 6

Dorsal scales
Femoral po res -20 ) 14

Gular scale s
Supralab ials (4-5 ) 1 3

Infralab ial s (5-7 ) 1 3

Supraoculars (5-6 ) 1 3

Ci rcumorb i tals (3-6 ) 1 4

Lamel lae , fourth toe
Auri cular lobul es
Ventral s

16 .8r 0.4( 15 infralab ials, supraoculars,

5 .0 i 0 .2(4 Ci rcumorb i tals, lamel lae
,
fourth toe,

2o.6 i
-

O.9( 15 auricu lar lobu l es , 5 .6 i 0.2(5 ven tral s ,
3 8 .7 i 0 .7(35

Urosaurusmicroscuta tus

Al l i n d iv idua l s were i n i tia l ly observed baski ng or foragi ng i n rocky areas and when
approached genera l ly retrea ted to rock crev ices . The co l l ected specimens, from Stat ion s

and represen t over ha l f of a l l Urosaurus observed duri ng thesurvey .

Uta stansbur iana

S i de-b lotch l izards were the most frequently observed repti le i n th e Cen tra l Desert .
They occupied every conce i vab le hab i ta t, and were genera l ly th e first and last rept i l es observed each day . Specimens were co l lected at Sta t ions

and

Xantus ia vig i lis wigg insi

Th i s species was mo st common ly found beneath the ba sa l leaves of dead Agave andless frequen tly i n or u nder dead decayi ng stems of cirio and Yucca . Specimens were taken atstation s and

These specimens fi l l the d istri butiona l gap of approx imate ly 85 miles be tween thenorthermost co l lect i ng loca l i ty , mi les north of Pu n ta Prieta
,
Baja Ca l i forn ia del Norte,

recorded for th i s race (Savage, and a si ngle specimen col lected near El Rosario wh ich

Males
1 10 .0 i 2 . 1 (97
S .D .

S D .

S .D .

S .D .

1 8 .4 i 0 .4 ( 1 7
S D . 2

12

SLD .

I2

S .D .

5 .5 i 0.2 (5
S .D .

12

S .D .

S .D .

39 . 1 t 0 .8 ( 3 5
S .D .

Femal es
96 .2 i 1 .7 (93

S .D .

S .D .

29 .3 i 0.5 (28
S .D .

S .D .

1 8 .6 i 0 .3 ( 17
S D . 2

S .D .

S .D .

5 .7 t 0.9 (5
S .D .

S D . 2

S .D .

S .D .

S .D .
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Savage stated seemed to be nearerwigg ins i than to th e nort hern form , (X. v. vig i lis).

SNAK ES
Chi lomer iscus cinctus

An adu l t ma l e was co l lected at Sta tion 38 by raki ng through the ba se of a sma l lhummock of sand . A Phrynosoma corona tum and a S celoporus mag ister were col lected inth e same fash ion , but ben eath the san d of a larger hummock covered with ragweed .

Coun ts and measurements for thi s in d iv idua l are as follows : ven tra l s, 124 ;
subcaudals, 25 ; dorsa l body bands , 22 ; ta il bands, 5 ; and dorsal scale rows, 15-15-13
Crota lus enyo enyo

A juveni le specimen was co l lected at Stat ion 3 beneath a dead Agave. Scutel lat ion
and pattern agree wi th Kl auber’s ( 193 1b) accoun t of the nominal race .

Crota lus ruber ruber

The number of body b lotches and the sca l e coun ts of th ese specimen s fall withi n the
parameters estab li sh ed for th e race by Kl auber ( 1964 : Tab le

Crota lus ruber occup i ed a d iversi ty of macrohab i tats ; one was observed i n a co i l ed
posi tion about 10 yards above th e h igh tide mark of a cobb lestone beach and another in a

coi l ed posi tion beneath an ocot i ll o in b loom in a sandy , dune-l ike en v ironment . Specimen s were co l l ected at Stat ion s
Crota lus vi rid is hel leri

A juveni le specimen col l ected at Sta t ion 4 1 i s d i sti nct ly l ight co lored with a sharply
defined pa ttern . I t was observed at 0920 hrs. co il ed beneath a sma ll , sparse ly branch ed
ragweed shrub at the fri nge of an i so lated sandy dun e area .

Deta i l s of pa ttern and sca le coun ts agree wit h those summari zed by K lauber ( 1964,

Tab le for the race .

Hyps ig lena torqua ta k lauber i

An act i ve immature fema le was co l lected at 17 10 hours ben eath a dead Agave i n aneroded , san dy-bottomed wash (Sta . Scutel lation
,
co lorat ion and pattern are s imil ar tothose reported by Tann er ( 1944) for th e race .

L ichanura roseofusca gracia
Compen d ia dea l i ng with North America repti l es li st two species of Li chanura ,

tr i vir

ga ta and roseofusca, the la tter species represen ted by two races, roseofusca and gracia .

Klauber ( 1933) reported a specimen of rosy boa from Guaymas, Sonora ,
Mexico,

t ha t
agreed exact ly with L. tri virga ta i n co lora tion and pattern bu t more c losely approached L . r.

gracia in scutel lation . He remarked that perhaps we migh t be deali ng with three subspeci es,
tri viga ta, gracia and roseofusca . However, he d id not suggest un it i ng the two speci es before
add it iona l materi a l b etween Guayma s and sou thern Ari zona and i n cen tra l Baja Ca l iforni ademon strated i n tergrada t ion .

S i nce Klauber’s ( 1933) remark , add i tiona l specimen s have been co l lected from these
area s, but accord i ng to Gorman ( 1965) we st i l l lack a bas i s for un i ti ng th e two spec i es of
L ichanura i n v iew of the grea t un i formity of pa ttern of tr i virga ta throughou t i ts known
range , and the absence of ob vious i n tergrades with gracia .

The Cen tra l Desert spec imen from Sta t ion 38 i s of part icu lar i n terest si nce the loca li tyis the sou thernmost for L i chanura i n Baja Ca l iforni a del Norte , and i s onl y 100 mi les from
San Ignacio , the northernmost for L . tr i vi rga ta .

The Cen tra l Desert specimen s appear to agree with tr i vi rga ta i n dorsa l and ventra l
coun ts, but more closely agree with gracia i n al l o ther coun ts (Tab le I n pattern and co lor
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a tion there i s close agreemen t with Klauber’s ( 193 1a) description of gracia I ten ta ti vely
,

then consi der these spec imen s to be gracia .

O ne boa , a mature ma l e,was co l l ected i n a gra i n field short ly a fter i t had been ki ll ed by
a rancher (Sta . and the o ther, an act i ve female , was co l l ected i n th e late afternoon from
benea th the basa l l eaves of anAga ve (Sta .

Tab le 9 . Scale characters of Lichanura tr i v i rga ta and L . roseofusca .

Central Desei
L . tri v irga ta L . roseofusca

2
Spec imens

Gorman
l Klauber2 roseofusca 45957

Dorsal s 42

Ventra ls 225

Caudals 46

Oculars 1 1-10

Supralab ials 15

Infralabials 15

1
Da ta from Gorman , 1965
2
Da ta from Kl auber, 193 1
Mast icophisflagellump iceas

Spec imen s , all adu l t fema les, were taken at Sta tion s and One acti ve
i n d iv idua l was co l l ected from with i n th e ho l low , dead sta lk of an Agave at 1655 hrs. An

other was co l l ected at 1500 hrs. from benea th a large s hrub i n a sandy , eroded arroyo . The

most act i ve i n d iv idua l was first observed i n earl y afternoon foragi ng on th e leeward side of
a large i n land sand dune .

Phy llorhynchus decurta tus decurta tus

An adu l t ma l e was co l l ected at approx imate ly 2000 hrs. as i t crossed a sandy stretch of
road at Sta tion 35. Scu te l lation and coun ts are as fo l lows : cauda l b lotches, 7 ; dorsa l body
b lotches, 39 ; ven tra l s, 168 ; caudals, 36 ; snout-ven t length , 367 ; and ta i l l ength , 58 .

P i tuophismelano leucus annectens

Th i s adu l t fema l e was ki l l ed by a farmerwho saw i t foragi ng i n a gra i n field (Sta .

Scu te l lat ion and other coun ts , except for the ratio of tota l l eng th to ta i l l e ngth , fi t the
parameters estab l i shed by Klauber ( 1946) for the race . The aforementioned ra t io i s . 107

(tota l length 2565mm/ tai l l engt h 265mm) co nsiderab ly less than the . 155 reported byKl au
ber ( 1946) for fema le annectens , wh ich he sta tes i s probab ly the longest ta i led of al l th e go
pher snakes .
P i tuophismelanoleucus b imaris

One spec imen , an adu l t ma le from SM. 2 1 , was observed at 0930 hrs. as i t foraged i n
a sandy area studded with p i tahaya . I t attempted to e lude capture by retreat i ng down amamma l ho le . The other bimar is, an act i ve

,
immature fema le from Station 33 ,was co l lected

from beneath the ba sa l leaves of a dead Yucca on a coa sta l footh i l l . Th i s i n d i v idua l , as in
d icated by the bu lge i n i ts stomach , had recen tly fed on a sma l l woodrat (Neotoma ).
Sa lvadora hexa lep is klauber i

One specimen was co l lected i n late a fternoon wh i l e bask i ng on a d irt road (Sta . The

other i nd i v idua l was co l lected at 1630 hrs. as i t foraged i n an Open san dy area (Sta .

Scutel la tion , pattern and coun ts genera l ly fi t Klauber’s ( 1946) description of th e race .

The excepti on s are as fo l lows : SDSNH 45953 has 24 1 ven tra l s, much lower than the
range of 253 -257 gi ven by K lauber, and SDSNH 45954 has a ta i l-to-tota l-length ratio of
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d istri bu t ion , eco logica l a ssoc iat ion s, and to l erances , appear to be contiguous w it h the peni n su lar popu lat ions . The scarci ty of favorab le hab i tats wi thi n th e area surv eyed precludetheir occurrence e lsewhere .

Ana l ys i s of the d istri bution of Gerrhonotus mult icarina tus spp. , contrary to Sa vage’s
( 1960) i n terpretation , i n d icates a southward expan s ion of i ts range since glacial max imum
v ia th e coo l , mo i st coastal corri dor. The same may be true for other temperate-toleran ttypes such as Tant i l la p laniceps e isen i, Coleonyx var iega tus abbott i and L ichanura rose

ofusca gracia . The ranges of other temperate adapted forms from the Cape refugium ,
such

as Gerrhonotuspaucicarina tusmay be expand i ng northward v ia the Pacific coasta l corri dor.

The Crotaphy tus col laris ofMesa de San Carlos appear to represen t an i so lated popa
lat ion . The d iscon ti nu i ty of favorab l e hab i tat and cl imat ic cond i tion s wi th in th e survey
area , exclud i ng the S i erra Co lombia with summits near 762 meters , together with the ap
paren t d i stri but iona l gap between th i s population and th e pen i n su la’s east coast popu
lations seem to support th i s v iew .

San Carlos Mesa i s about 15 m i l es long in a northwestern and sou theastern d ireot ion
by six m i les w ide and ri ses to an a l t i tude of from 422 to 739 meters . The basa l t ic rock out
crops around the edge and on the top of the mesa prov i de su i tabl e hab i ta t for C. collaris .

The mesa proper i s a favorab l e hab i tat for the speci es . I n con trast to the surround ing low
lands and footh i l l s , i t i s subj ect to a greater durat ion and in ten si ty of solar rad iat ion, and

concomitan tly l ess frequen t and shorter dura t ion s of coa sta l c loud cover and fog.

Phy l lodacty lus xant i sloam
’

probab ly represen ts a margi na l population of th e ma inl andstock that recen tly immigrated to the Pacifi c s lope v ia th e footh i ll s of th e southern extremi ty
of the S i erra de San Pedro Mart ir occupy i ng margi na l , but su i tab le hab itats to the north
and south .
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F igure 1 . Map showing pos i tion of I sla San Ambros io relati ve to o ther i slands in the Desventurados group,Ch i le.

toward South Ameri ca (Wyrtki , 1968 : Near Ch i le at abou t 50° S t h i s water mass d i
v i des , one branch turn i ng south and ea stward around the tip of South America ,

th e other
flowing northward a long the coast as the Peru Curren t Humbo l d t Curren t) or the Peru
Ch i l e Curren t System . The offshore Desventurados I s lands are under the influence of th i s
curren t system . The Peru Curren t exten ds as far north as Ecuador and then swi ngs west ju stsouth of the Equator to become part of the South Equatorial Curren t . The northward flow
of th e Peru Curren t, genera l ly at 25° S , i s d iv i ded i n to two componen ts, th e Peru Coasta l
Curren t and the Peru Oceani c Curren t, between wh ich i s a southward mov i ng subsurface
curren t, the Peru Cou n tercurren t, which carri es equatoria l subsurface water as far as 22° S
(Wyrtki , 1966 : 59 ; 1968 :

The preva i l i ng north-flowing curren ts argue for co lon ization of San Ambrosio fromthe southeast, much as th e b iota of th e Juan Fernandez Islands, i n th e ma i n , al so appears tohave been deri v ed from South America . I have d iscoun ted a d irect Australi a-New Zea land
origi n of the Desven turados chthamal id large ly because of the vast d i stance separat i ng the
two regions, the apparen t absence of any l i v i ng or exti nct popu lat ion s of chthamali ds i n the
region between , and because th e temperate Southea st Pacific chthamal i ds have their greatest affi ni ty with the Trop ica l American fauna (Zu l lo ,

1966 : Elminius and Austroba

[anus i n th e southeastern Pacific, a l t hough seem ingly good i n d icators of b iogeograph ica l
affini ties, are two groups that rema i n poorl y known (the type speci es of Austroba lanus i s
apparen tly a s ix-plated tetracli ti d and th e rema i nder true balani ds; E lmim'

us un ti l recently
con ta i ned two speci es referab le to the tetracl i t i d Epop ella and the rema i n i ng two or three
widely separated speci es offer no clues as to their ori gi n [Ross, 1970 :
Ba sed on morpho logica l and hydrograph ic ev idence, th i s n ew chthamali d probab lyevo l ved from or shared a common a ncestry with Chthama lus cirra tus Darwin , 1854, wh ich
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F igure 2. View from the nort hwest of I sla San Ambros io . Small prominence to the righ t of San Ambros io isRoca Coni co . Pho to by R. M. G ilmore.

occurs commonly along the west coa st of South Am eri ca from the Chonos Archi pelago in
Chi 1e (about 45

°
S) to Guayaqu il , Ecuador (2° 13 ’ S) (Pil sbry,

19 16 : 321 ; N il sson-Can tel l ,
Three possi b le modes of co loni z ation are offered in what I beli eve to be increasing

probabil i ty , 1) i n troduct ion by or through an agency of man
,
2) 1arva1 coloni z ation , and 3)

adul t coloni za tion by natura l dri ft or rafti ng. I have d i scounted the first because Chtha
ma lus and i ts deri vati ves are essen tially shore barnacl es

,
al though they are known to foulmarin e structures . Al so , the evolu t io nary state of thi s new speci es argues for co loni z at ion

prior to th e ori gin of man in the new world . I a l so doubt tha t th e i slands were colonized by
larvae, because th e naupli i of Chthama lus and other balanomorphs i n general lack the longtomentose flotation setae characteri stic of pelagic speci es, and because the naupli i of i n tert i dal barnacl es probably rema i n in the plankton less than two weeks, whi ch i s apparent ly
not long enough to reach San Ambrosio . The effi cacy of natural rafti ng i s well documented
in the li terature, and i t appears most probab le that coloni zat ion of San Ambros io was ef
fected by rafting.

As Cri sp and Sou thward concluded (1953 : even narrow sea s pose a barri er to
anima l s tha t are predomi nan tly in tert i dal . The rela ti vely small size of th e two major i slands
in th e Desven turados Group (San Ambrosio—4 km long, 1 km wide ; San Fé lix—3 km long,
1 km wi de), and thei r grea t d i stance from the Sou th American mainl and , would tend to
preclude repeti t i ve co loni zat ion from the mainland . Many workers have remarked that in
order to estab li sh a v iab le popu lation some mi ni mum dens i ty i s requ ired . However, s in ce
there i s good ev i dence tha t many speci es of Chthama lus are read i ly capab le of self fert ili za
tion under certain cond i tion s (Barnes and Barnes, 1958 : the ini tial propagule cou l dhave been onl y a singl e i nd iv i dual .
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F i
gu
re 3 .
V iew of land ing s i te at Ba h1a Covadonga,

I sla San Ambros io . The two wooden shacks are used by
trans ient lobster fishermen . Photo by R . M. G ilmo re .
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cirrus I I lacki ng grapple-l ike spi nes ; cauda l appendages lack i ng ; mand i b le W i th four teethba sa l comb , and sp i ne-l ike i n ferior angle .

Type sp ecies .

—J ehl ius g i lmorei new species .
Remarks .

—J ehl ius i s un ique i n tha t the parieta l pla tes are not a lways symmetrical l y
d i sposed and that the pattern of fus ion of the plates has not become fixed at least wi th i n the
few specimen s ava i lab le for study (Fig . A l so , she l l deve lopmen t i s obv ious ly transi tiona lbetween six and four p la tes , and i n the two specimen s with on ly four plates there i s no in
d ication whatsoever tha t these pla tes wi l l secondari ly coa lesce .

The she l l of Chamaes ipho i s fundamen ta l ly composed of s ix plates , rostrum , cari na,

and pa ired rostrolaterals and latera l s , but the genus i s regarded as tetramerous (see Moore,
1944 ; Pope , 1965 ; Newman , Zu l lo and Withers

,
The six su tures separat i ng these

plates i n C. columna are rarely seen i n i n d i v idua l s beyond 2 mm in rostro-cari na l d iameter
and occa siona l ly they are ob l i tera ted i n i n d iv idua l s as sma l l as mm in d iameter (Moore ,
1944 : I n C. brunnea ,

on the o ther hand , the sutures de l im i t i ng the plates are no longerv is i b le by the time i nd iv i dua l s reach 6 mm i n d iameter (Moore,
I n both spec ies of Chamaes ipho mentioned above, the rostrolaterals are un i ted with thela tera l s . I n specimen 1 of J ehl ius (see Fig . the arrangemen t of th e wa l l pla tes appears tobe the same as i n Chamaesipho col

’

umna . I n spec imen 3 , the righ t latera l i s fused and sec

ondari ly coa lesced i n part wi th the cari na , but the le ft latera l i s fused with the rostro latera l .
I n specimen 2 th e right latera l and rostro la tera l are fused with the ro strum

, and the left

Pa c h y la sma Te t ra c h t h ama lus C hama e s lp h o J e h liu s

C h th ama lus

P a c h y la sma C h i one la smus ‘

P ac h y la s rr a

O c tome u s

C a tOp h ra gmus

C L~ c a rmo la to t a l

C H T H A M A L I D A E

F igure 4. Plan v iews of wall construction in the Chthamal idae . Numerals at le ft ind ica te grades of decreas ing
complexi ty . Shell ou tl ines of J ehl ius on r igh t s ide are camera luc i da d rawings of the internal sur face showing de
gree of developmen t of sutures , wh ich are not read i ly d isce rn i b le on external sur face of shell (r ight s ide of shelli s on left s i de in d rawing) . Number in center of orifice refers to number in plan v iew below . Spec imen No . 3 i s
holotype , No .
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rostro la tera l and latera l rema i n separa te . Specimen 4 i s the most unusua l of the lot . I t has
onemajor suture , between the rostrum and the righ t rostro la tera l , and al l of the other p lates
are partia l ly coa l esced (Fig. As ide from the unusua l arrangemen t of the wa l l p lates therei s noth i ng to suggest that the she l l s are pa tho logica l ly ma lformed .

J ehl ius a l so d i ffers from Chamaes ipho i n the articu lat ion of the opercu lar plates . Thejunct ion between the scutum and tergum on each si de, when v iewed i nterna l ly , i n Chamae
s ipho takes the form of the G reek letter omega , but i n J ehl z’us i t i s s impl er and on ly sl igh tlysi nuous . J ehl ius a l so d iffers i n tha t cirri I-I I I lack the grapp le-l i ke Sp i n es and the scutumlacks an adductor ri dge but has a wel l defined deep pi t for the i n sertion of the adductor
muscle (Fig .

J ehl ius obv ious ly i s deri ved from an Ea stern Pacific stock of Chthama lus , whereas
Chamaesipho probab ly was der i ved from an I n do-Pacific stock . Furthermore ,

Chamaes iphoi s restricted to the au stra l region and the probab i li ty of penetrati ng the East Pacific barrieri s remote .

Tetrachthama lus , a l so a genus wi th four plates tha t evo l v ed from Chthama lus, d i ff ersfrom J ehl ius i n that the rostrolaterals are fused with the ro strum to form a triparti te p late ,
and duri ng the on togeny of i n d i v idua l s i n th i s genus the four pla tes coa lesce .

E tymo logy .

—Named for Dr . Joseph R . Jeh l , Jr. , San D i ego Museum of Natura l H i s
tory , longtime fri en d and co l league, and co l l ector of the specimen s reported on herei n .

J ehl ius gi lmorei n . sp .

D iagnos is .

—Crest of labrum armed with 50-60 s imple con ica l teeth ; cutti ng edge ofmaxi l la I I wi th 10-13 long spi n es i n med ia l cluster ; i n termed iate artic les of posterior cirr i ,wh ich have rami of equa l l ength , bear 5 pa irs of setae ; basa l segmen t of a nterior ramu s of
cirrus I armed with stout spi nes .

Descrip t ion
—She l l wh ite or gray ish-whi te,

low con ic
,
broadly ovate to subcircu lar i n

ou t l i ne ; ba sa l port ion of compartmen ts ri b bed and periphery of shel l irregu lar or stronglytoo thed (Fig . upper portion of externa l surface corroded , exfo l iat i ng ; aperture relat i velylarge owi ng to corros ion ; rad i i lacki ng ; sheath less than 1A heigh t of compartmen ts, basa lmargi n not depend ing ; surface below shea th smooth . Bas i s membranous .

F igure 5. J ehl ius g i lmorei n . gen , n . sp. External and in ternal v iews, respect i vely, of shell . Paratype,
No . actual rostro-carinal d iameter, mm .
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Scutum tran sverse ly e longated (Fig. length abou t V3 greater than he ight ; externa lsurface poorly preserved , exfo l iati ng ; on ly last 3 -4 newly formed growth ri dges preserved
a long basa l margi n of plate ; articu lar r i dge poorly d ifferen tiated from articu lar surface ; ad
ductor ri dge absen t ; depress ion for adductor muscle deep,

wel l de l im i ted ; depression forlatera l depressor muscle deep,
we l l defined

,
crossed by 3 -4 septa ; depress ion for rostra ld epressor muscle common ly sha l low , poorly de l im i ted ; apica l port ion of p late Lack i ng

r i dges , crests, or pi ts .
Tergum higher than wide (Fig . externa l surface poorly preserved , exfo l iat i ng ; externa l longi tud i na l furrow apparen t ly lacki ng ; spur rounded or poi n ted d i sta l ly , and not

d ist i nctly separated from articu lar margi n ; articu lar r i dge low , poor ly deve loped ; para l le l
and immed iate l y adjacen t to articu lar r i dge there i s a row of sha l low , ob long pi ts ; there are
2 prominen t and 1-2 lesser crests for the i n sert ion of the latera l depressor muscle ; apica l
portion of pla te e i ther s l ight ly pi tted or roughened .

Measuremen ts of the ho lotype (in mm) are as fo l lows : rostro-cari na l d iameter lat

era l d iameter heigh t rostro-cari na l d iameter of orifice he igh t of scutumwidth of scutum he igh t of tergum width of tergum The range i n rostro-cari na l
d iameter of the four specimen s i s (12 and the range i n he igh t i s (11

F igure 6 Opercular plates of J ehl ius g i lmore i n . gen , n . sp. External v iews o f scu tum and tergum , respecti vely
(top row), and internal v iews of scu tum and tergum , respect i vely (bo ttom row) . Paratype,

No .

Drawings by Anthony D’

Atti l io .
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F igure 8 . Outline d rawings of c i rr i I-V I (setae om itted ; paratype, No . 4004/ 2) .
and summary of data

on ci rral counts for the holotype and two paratypes .
vature of i n termediate art icl es ; 1 row of ctenae on latera l face of i n termed iate segmentsbe low articu la tion ; seta tion ctenopod ,

with 5 pa irs of setae on each i n termed iate segment ;
at ba se of each pa ir of setae there are 2-3 short, slender setae . Girra l coun ts for specimen s i n
the type lot are summar i zed i n F igure 8 .

I n tromitten t organ an nu la ted throughou t i ts l ength , and sparse ly covered wi th short,s l ender bri stles ; d ista l extremity b i lobed and each lobe bear i ng about 15 or 16 short, sl en dersetae .

Typ e Loca l i ty .

—On northea st coast
,
just west of Bah ia Covadonga , I s la San Ambro s io,

I s las de losDesven turados
,
Ch i le

, approx imately 26 ° 20’ 15” S . ,
79

°
15

’

45
” W .

, I. M .W . SG

17 ; i n terti da l on vo lcan ic rock ; J R . Jehl , Jr. co l l .
, 27 June 1970 ; USARP cru i se 70-3 .

Disposi t ion of types .

—The ho lotype and three paratypes are housed i n the co l l ect ion s of
the San D iego Soc iety of Natura l H i story,

Mari ne I n vertebra te ca ta logue numbers 4003 3
and 4004/ l

,
4004/ 2 and 4004/ 4 respecti vely .

Etymology .

—The specific epi thet honors Dr. Raymond M . G i lmore
,
Research A ssoci

ate, San D iego Natura l H i story Museum
, and ch ief scien ti st aboard the trawlerHero duri ng

USARP cru i se 70-3 .

INTRAFAMILIAL RELATIONSH IPS
Four fami l ies are presen tly recogn ized with i n the suborder Balanomorpha ,

namely
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Chthamal idae, Bathylasmatidae
,
Tetracl i ti dae, and Ba lani dae (see Newman and Ross,

197 1 : Of these, the Chthamal idae are more genera l ized structura l ly and appear i nthe foss i l record before any of the others .
With i n the Balanomorpha the evo lu tionary h istory has been one of reduction i n the

number of compartmen ts compos i ng th e she l l (Pi lsbry,
19 16 : 29 1 ; Withers, 1928 : I n

the Ch thamal i dae th i s reduct ion has been accompan ied further by structura l mod ification
of the mou th parts and cirri for feed i ng (Zu l lo , 1963 :

Based on the probab le mode of reduct ion i n the number of she l l e lements, two l i ne
ages are ev iden t i n the Chthamal idae . I n the first , con si st i ng so l e ly of Pachy lasma, theshel l i n i tia l ly con ta i n s 8 plates , i nclud i ng rostrum ,

cari na, and pa ired rostrolaterals, later
als

,
and cari nolaterals. Subsequen tly , the rostrolaterals coa lesce with the rostrum forming

a triparti te pla te, and the cari nolaterals may coa lesce with the latera l s y ie l d i ng a shel l of
on ly 4 plates (F ig .

The second li neage (Octomer is-Chthama lus group) i ncludes the rema i n i ng genera
(Fig. 4 ; see Newman and Ross , 197 1 : 14 1 ; cf . U t inomi , 1968 : Of these

,
Ca tophragmus

(i nclud i ng the subgenera Ca tomerus and Pachyd iadema) and Octomer is have the samenumber and arrangemen t of the p lates as does Pachy lasma . Ear ly i n the evo lu tion of th i s
l i n eage , th e number of s hel l e lemen ts was reduced through e l im i nat ion or exc lusion si nce
Chthama lus has on ly si x wa l l p lates (rostrum , cari na ,

and pa ired rostrolaterals and later
als), the cari no- latera l s lacki ng. The sma l l s ize of the cari na and th e presence of a lae po i n t
to reduct ion by exclus ion . From Chthama lus a further reduction i n the number of wa l l
plates, by fus ion , i s ev i den t i n Tetrachthama lus and Chamaes ipho. I n Tetrachthama lus the
rostrolaterals are fused with the rostrum , as shown by the size of the composi te plate and

by the fact that i t has rad i i , thus forming a tripart i te p late essen tia l ly s imi lar to that i n
Pachy lasma and the bathylasmati d Tessarelasma . I n Chamaesipho columna and C.

brunnea the shel l i n i t ia l ly con ta i n s s i x plates ; the rostrolaterals fuse with the latera l s
(Withers, 1928 : 45 ; Moore, 1944 : 324) ra ther than with the rostrum as i n Tetrachtha
ma lus. By the time i nd i v idua l s of C. columna reach a rostrocarina l d iameter of 2 mm and

i n d i v i dua l s of C. brunnea a d iameter of 5-6 mm , al l the p lates coa lesce secondari ly , andthe sutures are ob l i terated . I n adu l ts of Tetrachthama lus obl i ttera tus, wh ich reach a rostro
cari na l d iameter probab ly not much grea ter than 6 mm ,

the su tures are common ly d is
t i nct ; but then coa l escence occurs

,
and remnan ts of these sutures can be observed i n the

sheath (Newman , 1967 :
I n al l chthamal ids with 6 or 4 p lates fus ion of she l l e lemen ts and the ir subsequen t

coa lescence proceeds i n a un iform man ner . To judge from the specimen s ava i lab le ,
t h i s

apparen tly i s just th e oppos i te of what takes p lace i n J ehl ius (Fig. A l t hough two specimen s of J ehl ius have i n part atta i ned a grade of con struct ion comparab le with that foundi n 4-p lated i nd iv idua l s of Chamaes ipho, two specimen s are effect i ve ly i n termed iate be
tween s ix and four pla tes . I n the two specimen s that have a tta i ned a 4-p lated grade of

con struct ion , there i s no secondary coa l escence and ob l i terat ion of the sutures un i t i ngthese wa l l plates .I n h i s classification of the chthamal i ds Zu l lo ( 1963 : 190) stressed the modification i n
mandibu lar and ci rral structures attendi ng the reduct ion i n number of th e wa l l p lates . I n
Octomer is, Chthama lus, Chamaesipho, Tetrachthama lus and J ehl ius the mand ib le i s char
acteri st ical ly quadri dentoid , but i n Ca tophragmus, Ca tomerus, Chionelasmus, Euraphi

-
a

and Pachy lasma i t i s tridentoid . I n the Octomeris-Chthama lus l i neage the th ird cirrus i s
re lat i vely unmod ified ; but i n th e Pachy lasma l i neage ,

feed i ng adaptat ion s i n vo l ve the

mod ification of cirrus I I I as a mouth appendage, such as i s found i n the ba lan i ds.

Pachyd iadema from the Cretaceou s (U . Senon .) of Sweden is the o l dest known
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chthamal id with e ight wa l l p lates and at lea st two whorl s of imbricati ng basa l p lates . Thenumber and arrangement of wa l l p la tes , s impl e opercu lar va l ves , cauda l appendages, and
unmodified th ird cirrus al l tend to l i n k Pachyd iadema with the scalpel l id lepadomorphs

(Newman , Zu l lo , and Withers , 1969 : R
Pachyd iadema i s probab ly ancestra l to Ca tomerus (Withers , 1935 : 390 ; Pope ,

1965 :

wh ich a l so possesses e igh t wa l l pla tes and severa l w horl s of imbrica ti ng plates . Cd
tophragamus a l so may have been deri ved from Pachyd iadema, or possi b ly from

“

Ca to

merus. The presence of cauda l appen dages i n Ca tophragamus suggests deri vat ion from
Pachyd iadema ra ther than from Ca tomerus which lacks these appen dages . Chionelasmuswith but s ix wa l l plates (carinolaterals lacki ng) and a si ngl e whorl of basa l p la tes, andwith cauda l appendages , i s probab ly an 0 11 -shoot from Ca tophragmus.

Octomeris lacks the basa l w horl s of pla tes and cauda l appen dages , and hence i s prob
ab ly deri ved from Ca tomerus, wh ich a l so lacks cauda l appen dages , and the articu lation ofthe opercu lar plates i s s impl e ra ther than complex as i t i s i n Ca tophragmus. From Octo
mer is i t i s a s i ngle step,

through loss of the carinolaterals, to Chthama lus and Euraphia,wh ich probab ly share a common ancestry . However, Euraphia has reta i ned the l epa
domorph or earl y chthamal i d tri dentoi d mand ib le whereas Chthama lus has evo l ved the
quadri dentoid man di b le with a basa l comb .

Chamaes ipho evo l v ed from Chthama lus (Newman , 1967 : and probab ly rather
recen tly . A l though young i n d i v idual s of Chamaesipho brunnea and C. columna develop ros
trolateral pla tes i n i tia l ly , these soon fuse with the latera l s forming a she l l w ith on ly four
pla tes ; later th e sutures coa lesce, and are ob l i terated . I n Euraphia the plates apparen tlyn ever coa lesce but they do develop an inflected ba sa l rim (see Newman , Tet

rachthama lus i s a l so an off shoot from Chthama lus (Newma n , 1967 : 43 1) but apparen tly of
greater an tiqu i ty than Chamaesipho. I n Tetrachthama lus there i s no ev i dence i n the
on togeny of a stage hav i ng s ix p lates as i n Chamaes ipho, but as i n Chamaes ipho the plates
eventua l ly coa lesce . The wa l l plates i n Tetrachthama lus, un l ike those i n Chamaes ipho and

J ehl ius, deve lop an inflected basa l rim . J ehl ius i s apparen tly the most recen t off shoot from
Chthama lus, and i s most close ly rela ted to C. cirra tus.
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i n a plast ic con ta i n er ranged from 45 to 72 hours .
We observed one i n d i v idua l of Cafius l i thochar inus which had the longest surv i va l i n

sea water, and found tha t i t supported i tse l f on i ts t i b ia on the wa ter surface fi lm for about
2‘/z hours . Th i s i n d i v idua l , when placed i n a plast ic enclosed con ta i ner part ly fi l led with
sea wa ter, flew three t imes but fina l ly resorted to mere ly float ing on the surface as was
characteri stic o f the other three species stud ied . When pushed beneath the water, a l l fourspecies curled the i r abdomen s up and back toward the thorax . The crook thus formed en
trapped a bubb le of a i r, which was carried benea th the surface . Upon re l ease the beetle
floa ted back to the surface and extended i ts abdomen , then groomed the head and an

tennae with the forelegs . F lotation ceased when the beet le dropped i ts abdomen be low
the water surface, curved the abdomina l t ip back towards the head , and ceased leg movement . The body then sank to the bottom and movemen t stopped .

Sea wa ter thrown on beached seaweed caused beetl es to come to the surface and fly
away . A thorough soak ing of the depos i t drove ou t a l l beet les . Beet le fl ight was a lways
away from the ocean , e i t her up the beach or para l le l to the surf, the u l t imate goa l be i ng
und i sturbed pi les of seaweed nearby .

Fresh pi les of seaweed were co lon ized by large numbers of adu l t staphy l i n i d s wi th i n
two weeks of depos i tion . Once 800 i nd i v idua l s of Cafius l i thochar inus were captured ,marked with wh i te pa i n t , and re l eased on the beach near their capture . None of the

marked i nd i v idua l s was ever recovered .

Preda t ion.

—Cafius canescens and C. semin i tens were voracious predators of both lar
vae and pupae of Fucel l ia, wh i le C. li thocha rinus and C. lute ipenm

’

s were on ly casua l feed
ers on larvae under experimen ta l cond i t ion s (James , The adu l t s of the four com
mon species are chiefly preda tory , a l t hough some were seen to scavenge on dead grun
ion . Other known prey of Cafius i ncludes amph ipods and sma l l barnacles ; a t times they
a l so preyed on the ir own larvae and pupae as we l l as those of re lated species .

Feed ing Behavior.

—Cafius sem in i tens and C. canescens upon encoun teri ng a fly larvawou l d grasp i t w ith the mand i b les , and break the larva l intergument . Oozi ng body flu i ds
attracted other staphyl i n i d s , which jo i ned i n the con sumpt ion o f the prey . We observed C.

canescens breaki ng the surface layers of seaweed with i ts mand ib les to feed on fly larvaewith i n . Thi s actio n attracted addi tiona l staphyl i n i d s wh ich then shared the ki l l . On one

occas ion seven beet les con sumed a fly larva i n n i n e mi nutes . Cafius semin i tens and C. ca

nescens were capab le o f excavat i ng a ho le i n the puparium of a fly larva , and consuming
the oozi ng flu i ds. Pupae were rare ly shared .

Ma t ing Beha vior.

— A l t hough end - to-end ma t i ng postures were observed , usua l ly the
ma le assumed a superior pos i t ion . The ma les use the ir mand i b les to grip the fema les on
the 2nd and 3 rd abdomina l segmen ts be low the e ly tra ,

i n add i tion to us i ng the ir legs toho l d the fema le i n posi tion . In C. canescens the ma le extended the adaeagus whi le curl i ngh i s abdomen around and downward to meet the fema le’s upcurved abdomen . Th is pos ition was re ta i ned for as long as 77 seconds .
Imma ture S tages.

— In the laboratory , i n d i v idua l ly p laced eggs of Cafius canescens

were depos i ted about 1 i nch be low the sand surface . Gestation was about 6 days at room
tempera ture . A newly ha tched larva immed ia te ly exca vated a burrow abou t 5 i nches deepi n a sand -fi l led test tube . Pieces of cockroaches wh ich were d ropped i n to the test tube
were examined by the staphy l in i d larva on the surface and fina lly pu l led i n to the sand
burrow .

The larva orien ted i tse l f wi th i ts head toward the sand surface . The burrow was en
la rged and extension s were made i n succeed ing larva l s tages . Pupa tion occurred about 27days a fter egg layi ng a t the i nch leve l i n sand . Adu l t eclos ion occurred on the 39th
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day a fter the egg was la i d .

Larvae of C. canescens were first co l lected from the beach a t Coronado on 15 March
1967 . Overwi n teri ng apparen tly occurs i n e i ther the egg, pupa l or adu l t stage . A fter 1
Apri l , C. canescens larvae were co l lected regu larly i n sma l l numbers a t a l l study si tes .
Cafius luteipenn is larvae were placed i n a cage on 25 March and pupated 3 1 days la ter.

After 4 May,
larvae of C. luteipenn is were co l lected i n sma l l numbers from the Coronado

si te . On 8 Ju ly,
larvae of C. l i thochar inus were fi rst co l lected a t Coronado , and the pupaewere formed 34 days a fter a second set of larvae was col lected on 27 August .

The large larvae of Cafius sem in i tens were first observed at Corona Del Mar on 18

September. Pupation occurred 18 days la ter and adu l ts emerged on the 28 th day . On ly
Cafius semini tens larvae were seen to feed on seaweed fly larvae,

devouri ng the ir prey i n as imi lar man ner as the adu l ts .
The various species of Cafius apparen tly breed at d i fferen t t imes of the year, as in

d ica ted by the ir appearance a t d i fferent dates . Cafius canescens and C. lute ip ennis appear

to breed i n early spri ng, C. l i thochar inus i n early summer, and C. sem in i tens i n late sum

mer .

Figure 1 . Larva of Cafius canescens Makl in . a ,

anter io r margin o f clypeus ; b ,
u rogomphus and

pseudopod ia : c. antenna ; (1, maxi lla ; e , do rsal
v iew o f body .

DESCRIPTIONS OF EARLY STAGES
LARVAE

The larva of the European Cafius sericeus Ho lme was descri bed by Rey ( 1887) andthat of C. xantho loma (G raven horst) by Rupertsberger Pau l ian ( 194 1) redescri bed
both of these species, us i ng the name Remus seri ceus for the former . Remus genera l l y i s
co n s i d ered a subge nu s o f Gaffas . Pau l ia n ga ve no gen er ic d escr ipt io n for the larv a o f

Cafius. But a combi na tion of characters from his key makes a good d iagnos i s of th i s
genus . I t fo l lows :

Cepha l i z a t ion a ccentua ted; neck p resent; ep i crania l suture very long; gular sutures very
long; ocel l i four, arranged in a compact group near bases of antennae; nasa l p resent; max
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i l lary pa lpusfour -segmented; ga lea p resent, movable, wi th the aspect of a segment; lacina re

duced a t max imum to some loca l sp ines in the ap ica l reg ion of the st ip es; p rosternum

strongly chi t im
’

z ed .

The combi nat ion of these d iagnostic characters and the seashore hab i tat , permit easy
recogn i tion of Cafius larvae .

I n h i s key Pau l ian used other characters wh ich new materia l s hows to be too variab le
for a generic defin i t ion . Thus the midd le teeth of the na sa l do not d i ffer from the latera l
teeth i n a l l the Pacific Coast species . And a l though the urogomphus i s two-segmen ted andlonger than the pseudopod i n two of our species , i n the other two i t i s shorter than the
pseudopod . I n one of the la tter the urogomphus i s d i sti nctly one-segmen ted and spheri

ca l .

KEY TO THE KNOWN LARVAE OF CAFIUS
1A . Urogomphus longer than pseudopod .

2A . Second segmen t of urogomphus widest at base, tapered to apex .

3A . Compos i te macrosetae much more numerous tha n simple macrosetae . seri ceus

3B . S imple macrosetae much more numerous tha n composi te
macrosetae xantho loma

2B. Second segmen t of urogomphus long, s lender, cy l i ndrica l .
4A . F irst segmen t of max i l lary pa lpus one-ha l f as long as secondsegmen t . luteip enn is

4B . F irst segment of max i l lary pa lpus about as long as secondsegmen t lz
’

thochar inus

l B . Urogomphus shorter than pseudopod .

5A . Urogomphus two—segmen ted , the segmen ts subcy l i n drica l canescens

5A . Urogomphus one- segmen ted , spherica l sem in i tens

LARVA OF CAFI US LUTEIPENNIS HORN
Color.

— Pa1e,
with head dark testaceus.

Head subquadrate
,
widest near basa l angles , s l igh t ly narrowed to apica l angles .

Neck about t hree-fourth s as wide as head . Oce l l i four, i n a sma l l cluster near apica l an
gles . C lypea l margi n wi th n i ne teet h , the two outer teeth on each side sma l l est, the next
two on each side longer than wide,

the cen tra l tooth l i tt le more than ha l f as long as

those next to i t (Fig . 3A) . Anten nae four-segmen ted , the first segmen t short, the second
and t h i rd about as wide as first and each abou t twice as long as wide ,

the th ird wi th a

sma l l ovo i d seta a t apex , the fourth about ha l f as wide and ha l f as long as t h ird with a
very sma l l , round mod ified seta a t apex (Fig . 3C) . Max i l la (Fig . 3D) with the st ipes a lmost as long as pa lpus ; ga lea sma l l e longate-ovo id ; max i l lary pa lpus four- segmen ted ,
the first segmen t about as long as wide , the second as wide as and tw ice as long as first ,

the th i rd somewha t narrower and shorter than second , the fourth sma l l , e longa te-ovo i d .

Ligu la about as long as first segment o f labia l pa lpus , pubescen t basa l ly . Lab ia l pa lpusth ree- segmen ted , the first segmen t abou t twice as long as wide , the second a l i tt le nar

rower and shorter than first , the th ird much narrower and shorter than second . Gu lar
sutures un i ted i n ba sa l th ree-fi fths, thence d ivergen t to apex .

Thorax .

—Pronotum a l i tt le wider than long,
widest near basa l angles , narrowed

sl ightly to apica l angles , with a few scattered setae a t si des and on d isc . Mesono tum and

metanotum shorter and a l i tt le wider than prono tum ,
with sparse scattered setae .

Abdomen wi th para l le l s i des in basa l ha l f, t hence s l ightly narrowed to apex , the
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riorly . Mesonotum and metanotum much shorter and s l igh tly wider than pronotum .

Abdomen gen tly tapered from ba se to apex , the first segmen t short , the others progres
sively s l ightly longer, W i th scattered sparse setae throughout . Pseudopod near ly three t imes
as long as wide . Urogomphus longer than pseudopod , two-segmented , the first segmen t almost as long as pseudopod , th e second long and very slender (F ig. 4B).

Leng th .

— 8-1 1 mm .

Ma ter ia l exam ined .

—Ten specimen s : Hote l Del Coronado Beach , Coronado ,
San

D iego Co .
,
Ca l iforn ia , August 7, 1967 ,

Gary James co l l .
Notes .

—Th is larva most closely resembles that of C. lute ip ennis , from which i t may bed ist i ngu i s hed by the re lat i ve ly longer first segmen t of the max i l lary pa lpus and by shorter
clypea l teeth .

Figu re 3 . La rva o f Cafius Iuteipenn is Horn . a ,
Figu re 4 . La rva o f Cafius l i thochar inus Le

anter io r margin o f clypeus ; b ,
u rogomphus and Conte . a , anter io r margin o f clypeus ; b , uro

pseudopod ia ; c. antenna ; (1, maxi lla ; e,
do rsa l gomphus and pseudopo d ia ; c , an tenna : d ,v iew o f body . max i lla ; e , do rsal v iew o f body .

LARVA OF CAFIUS CANES CENS MAKLIN
Color .

—Pa le testaceous , with head ferrugi nous . Oce l l i and base and apex of mand i b les

Head subquadrate
,
w i dest just before the rounded basa l angles , gradua l ly narrowed tonear the oce l l i . Neck about fi ve-seven th s as wide as head . Oce l l i four

,
i n a close cluster near

the an terior angles . Fron ta l suture jo in ing epicran ia l suture a t an obtuse angle a t about the
an terior th ird of the head . C lypea l margi n wi th n i ne simi lar teeth , the penu l tima te outer
tooth on each side somewha t shorter tha n the others (Fig . 1A). An tenna with first segmen twidest , about as long as wide

, the second segmen t about twice as long as first , the th i rd
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about as long as second and with a sma l l mod ified segmen t a t apex , fourth segmen t muchnarrower and shorter than th ird (Fig. 1C) . Maxi l la (Fig. 1D) with stipes a lmost as long as
pa lpus, abou t twice as long as wide . Ga lea sma l l , ovo i d ; max i l lary pa lpus wi th first two segmen ts subequa l , the th ird much shorter and narrower than second , th e fourth mi nu te . Li

gu la about as long as first segmen t of lab ia l pa lpus , pubescen t i n basa l ha l f. Lab ia l pa lpusthree-segmen ted , the first segmen t about twice as long as wide , the second a l i tt le shorter
and d i sti nct ly narrower than first , the th ird narrower than second , very l i tt l e longer thanwide . Gu lar sutures un i ted i n basa l t hree-fifths, thence d ivergen t to apex .

Thorax .

—Prono tum subquadra te, a l i tt le wider than long, widest near midd le, thencenarrowed sl ight ly to base and to apex . Mesonotum and metanotum much shorter than and
about as wide as pronotum . Each segmen t with a row of setae at an ter ior, latera l and pos
terior margi n s and a very few scattere-d setae on d isc .

Abdomen widest at ba se , sl ightly tapered to apex ; first segmen t shortest, the segmen tsi ncrea si ng i n length progress i ve l y to apex ; a l i tt le more den se ly setose t han thorax . Pseudo
pod abou t twice as long as wide . Urogomphus two-segmen ted , shorter than pseudopod ,subcy l i n drica l (Fig . 1B).

Leng th .

—9 mm .

Ma ter ia l exam ined .

— F i ve specimen s, mi le west of pier, San C lemen te,
Orange Co . ,

Ca l i forn ia ,
12 Apri l 1967, Gary James co l l .

N0 tes .

—Th i s larva d i ff ers from the other larvae of Cafius i n hav i ng a two-segmen ted
urogomphus tha t i s much shorter than the pseudopod .

F igure 5 . Pupa o f Cafius canescens Makl in . a,

ventral v iew ; b , lateral v iew .

LARVA OF CAFIUS SEMINI TENS HORN
C0 10 r .

—Pa le testaceous , with head and pronotum ferrugi nous, the base and apex ofmand i b les darker . Head subquadrate, a l i tt le wider than long, widest near basa l th ird ,



SAN D IEGO SOC IETY OF NATURAL H ISTORY VOL
. 16

thence s l ightly narrowed to apex . Neck about three-fourt h s as wide as head . Oce l l i very
pa le , d ifli cul t to detect . Fron ta l sutures jo i n i ng epicran ia l suture a t an obtuse angle at about
the apica l th ird of head . C lypea l margi n wi th n i ne teeth, the centra l tooth d i st i nctly sma l ler
than the others (F ig. 2A). An ten na four-segmen ted , the first segmen t short, the second andth ird as wide as and more than twice as long as first , the th ird wi th a rounded mod ified seta
at apex , the fourth sma l l ovo i d (Fig . 2C) . Max i l la with stipes as long as pa lpus , abou t twice
as long as wide ; ga l ea sma l l , ova l ; maxi l lary pa lpus (F ig . 2D) with a separate scl erotiza tion
forming a very short ri ng at base i n the form of an extra segmen t wh ich may represen t thelaci na ; first segment of pa lpus about twice as long as wide,

the second nearly as wide and as
long as first, the th ird a l i tt le narrower and shorter than second , the fourth sma l l , ovo i d .

Ligu la about as long as first segmen t of lab ia l pa lpus, pubescen t at base . Lab ia l pa lpusthree-segmen ted , the first segmen t about tw ice as long as wide ,
the second narrower and a

l i tt le shorter than first, the th ird much narrower and shorter than second . Gu lar sutures
un i ted i n basa l three-fifths, thence d i vergen t to apex .

Thorax .

—Pronotum tran sverse, the si des wel l rounded , widest at basa l th ird , wi th a few
sca ttered setae on d isc and at s ides . Mesonotum and me tanotum narrower and shorter than
pronotum ,

with a row of setae a t base ,
s i des and apex .

Abdomen s l igh tly tapered from ba se to apex , the first few segmen ts short, the apica lsegmen ts progressi ve ly narrower and longer . F i rst four segmen ts irregu larly , and den sely
set with short stout peg-l i ke setae , the next five segmen ts progress i ve ly more sparsely setose .

Pseudopod abou t twice as long as wide . Urogomphus one-segmen ted , spherica l , muchshorter than pseudopod (F ig . 2B).
Length . 10-14 mm .

Ma teria l examined .

—Fi ve specimens, Corona Del Mar, Orange Co . , Ca l iforn ia ,
16

September 1967 , G ary James co l lector ;

Note.

—Th is larva d i ff ers i n severa l respects from other known larvae of Cafius, but par

Figure 6 . Pupa of Cafius semin i tens Ho rn . a,

ventral v iew ; b , late ral v iew .
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F igure 8 . Pupa of Cafius l i thochar inus Le

Conte . a, ventral v iew ; b ,
lateral v iew .

KEY TO THE KNOWN PUPAE OF THE AMER ICAN SPECIES OF CAPI US
1A . An terior margi n of pronotum with a s i ngle row of

n i ne setigerous tubercles each s ide semini tens

1B . An terior margi n of pronotum with a s i ngle row of

fewer tha n n i ne setigerous tubercl es each s ide .

2A . An terior margi n of pronotum with a si ngle row of

three setigerous tubercles each si de canescens l i thocharinus

2B. An terior margi n of pronotum with a s i ngl e row of

four setigerous tubercles each s ide . luteip enn is

Characters have not been found for the separat ion of th e pupae of C. canescens and

l i thochar inus .
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THE COLOR PATTERN S OF DOWNY YOUNG
RATITES AND TINAMOUS

JOSEPH R . JEHL, JR .

ABSTRACT .

—Plumage patterns of downy young rat i tes ind icate that the Casuar i i dae and Dromice i idae are
closely related , and they suggest that the Struthi oni formes and Casuari i formes may be more closely related to
each other t han e i ther i s to any o ther livi ng rati te taxon . Relat ionsh ips of the Rhe i formes and Apterygi formes
are no t clari fed . The T inami dae fall into two d i sti nct groups of genera : 1) Tinamus, Nothocercus, and Cryp ta

rel lus, and 2) Rhynochotus, Nathara, Nothoprocta, and Tinamot is ; ch icks of Taonisc its were not examined .
Ch ick plumages provi de no evi dence for close rela tionshi p between tinamous and any rat i te taxon .

The rat i tes are large, fi ightless, run n i ng b irds with an unkeeled sternum whi ch
,
wi th

one minor
’

exception , are _
now restri cted to the southern hemi sphere . They i nclude the ex

tan t fami l ies Struth ioni dae, Rh ei dae , Casuari i dae, Dromice i i dae, and Apterygi dae, and the
exti nct Opi sthodactyl i dae, Dromorn i thidae, Emeidae, Eleutherom i thidae, and Aepyom i

th idae (Brodkorb ,
I n terre lation sh ips among these famili es have long been amongth e most controversia l prob lems i n av ian systema tics (Bock, as has the question of

whether these flightless b irds share a common ancestor . (References to much of the re levan t
li terature are con ta ined i n Bock

,
1963 , de Beer, 1956 , 1964, and Parkes and C lark,

Some recent authors Bock, 1963 ; Parkes and Clark, 1966) have argued that the rat i tes
are probab ly monophy let ic, but orn i tho logi sts have yet to reach a con sen sus on th i s po i n t .

The t i namous (Ti nami dae) are ground-dwel l i ng, chi cken-li ke b irds of the Neotrop ics .
Their poss i b le close rela t ion shi p to the rat i tes , and part icu larly to th e rheas , has rece i vedmuch atten tion

,
but relat ionsh ips wi thi n the Ti namidae have been largely ignored .

Because chi ck co lor pattern s have been used to e luci da te re lation shi ps w i thi n certa i n
other taxa Podic iped idae : Storer, 1967 ; Anat i dae : Delacour and Mayr, 1945 ; Tetrao
ninae : Short , 1967 ; Charadri i : Jehl , 1968) the ir importance in suggest i ng relat ion sh ips wi
th i n the rati tes and t i namous was i n vestigated . The resu l ts prov i de l im i ted ev idence i nsupport of relat ion shi ps tha t have been suggested among rati tes, and th ey c lari fy the subd iv i sions of the t i namou s .
I n th i s study I was ab le to examine specimen s or description s of most rat i te speci es, aswell as l i v ing chi cks of S truthio camelus, Dromi ceius novaeholland iae and Cryp turellus souii n th e San D i ego Zoo . Most t i namou genera were a l so ava i lab le, but many species were not .

Stud ies in other groups have shown tha t an i n dex to co lor pattern wi thi n a genu s can usu

a l ly be obtai ned from a few represen ta ti ve speci es . Thus , the genera l conc lu sion s reachedhere are un l ike ly to be afi‘ected by the limi ted materia l . Neverthe less, further collect i ng i sdesirab le, particularly of species i n th e generaNothop rocta, Cryp turel lus, and Taoniscus .

I n the fo l lowing sect ion themajor co lor pattern s are descri bed for each taxon . For each
speci es the number of specimen s exami ned i s gi v en i n paren theses . Speci es for which I have
examined on ly a description i n the li terature are denoted by an asteri sk . I n v iew of the lim
i ted ma teria l , no attempt has been made to prov ide descript ion s adequate for speci es iden
tificat ion .

RATITES
STRUTH ION I FORMES : STRUTH ION IDAE
S truthio: camelus (2)
O stri ch chicks (Fig. 1A) are covered on the back with a thi ck mat of tan and b lacki sh

down feathers . Severa l barbs on each of these fea thers are pro longed , flattened ,
and

S AN D IEG O SOC NAT H IST TRANS . 16 29 1-302. 15 NOVEMBER 197 1



SAN D IEGO SOC IETY OF NATURA L H ISTORY VOL . 16

F igure 1 .
Downy young rat i tes in dorsa l and ven tral v iew : (A) : S truthio came lus (B) P terocnemia penna ta, (C)

Dromiceius novaeholland iae, (D) Casuar ius bennetti .
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but Rand and G i l l iard ( 1967) recogn ize on ly three .

Cassowary ch icks are pa le brown wi th wel l-marked longi tudi na l stripes on the back .

The head is chestnut or tan , and may be unmarked or dotted irregu larly wi th dark brownmarki ngs (F igs . 1D , 3B). Ou the back three
“major dark brown stripes extend from theshou l der region to th e rump ; with i n each of these stripes a l igh t cen tra l stripe of vary i ng

prominence i s formed by the chestnut tips of the feath ers . A dark stripe on th e side i s par
al leled ven tra l ly by an i n d i sti nct stripe that appears to be con ti nuous wi th the leg stripe .

The bel ly and ch i n range from l igh t tan to l ight brown and are unmarked . The neck and
chest are irregu larly flecked with gray-brown marki ngs ; i n most specimen s the neck co lor
ation con ti nues on to the chest as a th i n cen tra l l i n e

,
s im i lar to that found i n the Rhe i dae

(cf. F igs . 1B, D) .

F igure 3 . D iagrammatic co lo r patterns of (A) Dromiceius novaehol landiae, (B) Casuar ius casuarius, and (C)
Pterocenmia pennata.

Dromi ceius : novaeho lland iae (5)
Emu ch icks are bo l d ly patterned (F igs . 1C ,

3A
,

The head marki ngs show no con

s i sten t arrangemen t bu t the neck and back marki ngs are d isti ncti ve . Dorsa l ly , a centra l
(A) and two latera l (B) stripes extend from the occipu t to the rump ; a stripe from the au
ricular region broaden s a t the shou l der, where i t acqu ires a bun cen tra l stripe, and con

t inues to the flank ; a bufT-cen tered stripe on the la tera l surface of the th igh i s bordered by
a th i n (sometimes i n terrupted) b lack stripe on the an tero-latera l surface . On the ven tra l
surface of the neck stripes run from the base of the b i l l to the s ides of the chest (D) ; a
short cen tra l stripe (E) i s presen t i n the throa t region . Pa ttern deta i l s are variab le . I n some
b irds parts of stripes are i n terrupted or missi ng,

and i n the b ird shown i n F igure 4 the
posterior part of the cen tra l stripe has fused wi th a latera l stripe .
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F igure 4. Head and neck pattern of Dromiceius novaeholland iae. The major str ipes are ind icated .

APTERYG I FORMES : APTERYG IDAE
Ap teryx: austra l is

*
, owen i , haast i

Newly-ha tched K iwis seem to be unpa tterned . No trace of a co lor pattern cou l d bedetected in a we l l-developed embryo ofAp teryx austra l is preserved i n a lcoho l at th e Car
negie Museum (Mary H . C l ench , pers . comm .) Ol i ver ( 1957 : 48) descri bed the nestl i ng of
Ap teryx austra l is as fo l lows : “Upper surface b lack streaked with brown ma i n ly on thesha fts and bases of the feathers . On th e head , breast and abdomen it i s greyer .

TINAMOUS
T INAM I FORMES : TINAMIDAE
Tinamus: tao

,
sol i tar ius* , os

'

good i ,maj or gutta tus

De Schauensee’s ( 1966) classifica tion of tinanmous i s fo l lowed i n th i s paper.

The head pa ttern in T. maj or i s complex (F igs . 5, a grayi sh patch extends from thebase of the b i l l on to the forehead ; posterior l y , a brown crown patch exten ds over the occi
put and on to the neck ; a gray-brown po storb i tal stripe run s from above and beh i n d the
eye to the s ide of the neck ; a brown i sh l i n e of variable promi nence extends from the base
of the b i l l to the an terior corn er of the eye and con ti nues po sterior ly as a broad bandthrough the auricu lars ; the cheeks and throat are gray ish , except for a short, dark ma larstripe . Feathers on the nape of the upper back are brown ,

l ight ly barred with gray ,whereas those on th e mi dback appear un iformly brown . A broad
,
l ight brown or go l denband on the lower back exten ds to the rump and i s bordered latera l ly by a th i n l i ne of

dark fea thers (Fig. The co lor pa ttern of T. sol i tari us i s s imi lar (Salvadori , 1895 :
No thocercus: bonapartei ( l ),j ul ius ( l ), n igri cap i l lus

The co loration of the two speci es of N0 thocercus at hand d ifi ers sl ightly , but there are
no important d ifferences i n co lor pattern . I n N. bonap artei (F igs . 5 , 6) a l ight gray ish patchfrom the ba se of the b i l l extends on to the forehead , where i t b lends wi th a dark gray crownthat extends on to the occiput ; the face and cheeks , i nc lud i ng a broad supraorb i ta l stripe,

are grayish , and an obscure dark l i ne run s from the ba se of the b i l l to the an terior corner
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of the eye ; the throat i s gray ish-white . The back is un i formly brown , i n d i v idua l feathers
be i ng th i n ly barred with b lack . In N. j ul ius the crown patch is grayis h-wh ite and i s sharplybordered latera l ly by a dark stripe ; th e facia l area i s orangi s h .

F igure 5. Downy young t inamous . Left to right : Tinamus maj or, Cryp turellus boucard i, Cryp ture llus undula tus,

Cryp turellus soui , Nothocercus bonapartei .

Cryp turel lus : cinereus, soui p tar i tep ui, obso letas, undula tus brevi rostr is, bart let t i,

var iega tus a trocap i l lus, noct i vagus, duidae, c innamomeus transfascia tus, strigulosus,
casiaquiare, boucard i sa ltuar ius, kerriae, parvi rostris, ta taup a (2)
Co lor pattern s i n th i s large genus are var iab le (Figs . 5 , I n C. boucard i, variega tus,

cinnamomeus, ta taupa and undula tus, the head pattern i s s imi lar to tha t of Tinamus exceptthat a l igh t brown narrow median stripe i s enclosed i n the posterior part of the crown

F igure 6 . Head patterns of t inamou ch icks . Left to r ight : Tinamus maj or Cryp ture llus undulatus, Cryp ta

re llas sou i, Nothocercus bonapartei .
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v ions pattern and to be overla i n by a th i n coa t of st iff br i st les . Th is streaked pattern
reflects the structure of th e dorsa l down feather, wh ich con s i sts of a rach i d ia l ma i n fea ther
and a prominen t a ftersha ft of a lmost equa l s ize . The rach i s of the ma i n feather bears
dark-co lored barbs for about two-thi rds of i ts length , then forks to form a pa ir of stiffbri stles ; the a ftersha ft bears l igh t co lored barbs for a lmost i ts en tire lengt h . A s imi lar
down structure i s presen t i n Nothura, Nothop rocta,

and Eudromia . I n down feath ers of Tin
amus, Nothocercus and Cryp turel lus, a rach i s i s poorly deve loped and a ftershafts seem to

be lacki ng or rud imentary .

The head pattern is we l l defined . A narrow blacki sh crown patch which exten ds from
above th e eye to the occiput i s bordered by a th i n bufi

‘

y str ipe tha t begi n s at the base of

the b i l l but forks on the forehead to encircl e th e crown patch ; the buffy stripes, i n turn ,
are bordered by a dark stripe tha t exten ds from the ba se of the b i l l to the nape . The face
i s general ly bufly, but with i n terrupted dark stripes i n the post-orbi ta l and auricu lar re
g ion s ; there i s a th i n ma lar stripe (Fig .

Nothop rocta : tacz anowsk i i, ka l inowsk t
'

, orna ta ( l ) ; p erd icar ia ( l ), cinerascens, p ent land i i
curvirostris (3)
Ch icks of Nothop rocta (F igs . 7 , li ke those of Rhynchotas have a streaked pa ttern .

I n Nothop rocta, however, the bri st l e- l ike t ips of t he ma i n feather are much less prominen t
and usua l ly are flanked by one or more add i t iona l barbs . The ch ick of N. p erd icaria, i n
add i tion to be i ng streaked dorsa l ly , has a sl ightly barred appearance , becau se the darkfea thers are bufiy at both the base and tip .

The head marki ngs in p erd icar ia and orna ta are s imi lar to those of Rhynchotas, ex

cept tha t the boundari es between the major stripes are l ess pronounced . In curvi rostris

and p ent land i i th e head i s do tted irregu larly with b lack, brown , and wh ite, but the patterni s a variation of that foun d i n p erd i caria .

Nothura : boraquira, minor, darwini i, maculosa chacoensis

The chi ck of Nothura maculosa (F igs . 7, 8) a l so has a streaked pattern and i s ex
tremely s imi lar to tha t of Rhynchotas; the ha irl i ke bri st l es of the dark back fea thers , how
ever, are l ess strongly developed than i n tha t genus . The head pa ttern i s l ike that of
Rhynchotas, except that the borders between the major stripes are l ess c l ear ly defined .

Nothura lacks a post-orb i ta l stripe ; auricu lar and ma lar stripes , though presen t, are incon
sp1cuous.

Taoniscus : nanus

I have seen nei ther a ch ick nor a descript ion of the downy p lumage of th i s speci es .
Eudromia : elegans (5),f0 rmosa

The dorsa l co lor pattern of Eudromia (Fig . 7) i s s im i lar to that of th e other streaked
genera ,

a l though l ight-co lored fea thers are less abundan t tha n i n Rhynchotus, Noth
op rocta and Nothura . The darker feathers are subtermi na l ly barred with b lacki sh brown ,

so that the ch ick , l ike that of Nothop rocta p erd icaria, appears s l ightly barred . The bare
tips of these fea thers are much shorter than i n the genera l i sted above .

The dorsa l surface of the head and neck i s flecked with gray and brown ; from each
si de of the b i l l an i n d i sti nct wh i ti sh l i n e extends across the crown to the occipu t ; th e face
and throat are genera l l y bt -whi te , bu t th e lores are dark ; posteri or to the eye a brownstripe extends through the auricu lars to the side of th e n eck ; there i s prominen t mal arstripe (Fig.

Tinamot is : p ent land i i ingoufi
So l i tt l e down rema i n s on the three ha l f-grown ch icks of T. pent landi t that I have ex
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amined that no assessment of the body pa ttern i s poss i b l e . The head , however, i s bo l d ly
striped . Two broad dark stripes, one on each s ide of th e b i l l , pass dorsa l to the eyes and
around the periphery of th e crown to the nape ; a sma l l wh i te-cen tered patch on th e occi
put exten ds on to the nape as a th i n median l i ne ; a stripe from the lores pa sses through the
eye to th e auricu lar region ; and a ma lar stripe exten ds from the gape through the cheeks
and onto the si de of the neck . At first gla nce the h ead marki ngs of Tinamot is seem un ique
but the pattern is clearly a var ian t of those foun d i n genera wi th streaked ch ick p lumages
and close ly resembles that ofNothop rocta p erd icar ia .

D ISCUSS ION
RAT ITES .

—In the fo l lowi ng di scuss ion I assume that s im i lar i t i es i n compl ex pattern s andthe potential for easy tran sformat ion of one pattern to another are ev idence for close re la
t ionship . The sequence of pattern tran sformation can not be determined i n the absence ofi nformat ion regard i ng the ancestral downy pattern . However, i f one assumes that the ra

ti tes are monophyletic, i t i s reasonab le to i n fer that a striped pattern of some sort mayhave been primi ti ve, i nasmuch as a striped pattern or presumed remnan t thereof i s present i n four of the five extant rat i te fami li es and i s lacki ng-on ly i n the Kiwi s, whose bur
row-nest i ng hab i ts are unusua l i n that group .

The downy young p lumages prov i de l imi ted ev i dence regard i ng relat ion sh ips among
rat i te famil i es . The long-accepted close affi ni ty of ca ssowari es and emus i s confirmed by
the simi lar co lor pattern s of the ir chi cks . The tran sformat ion of a cassowary pattern totha t of an emu requ ires onl y a change i n head pattern (vari ab le i n cassowaries) and thei n troduct ion of a l ight cen tra l stripe to each of the major dorsa l stripes . A h i n t of thatli ne— the light chestnut t ips to the cen tral feathers of each stripe—i s presen t i n the casso
wan es .
O stri ch ch icks lack any d i scerni b le dorsa l pattern , but th e pattern of head and neckstripi ng i s close l y s im i lar to that of an emu (cf . F igs . 2, Th is suggests , as S i b l ey ( 1960)

and G lenny ( 1965) have i nd icated , tha t th e Struth ion i formes and Casuari i formes may bemore closely re lated to each other t han ei ther i s to any other li v i ng rat i te order . I f so , the
n eck pa ttern i n ostri ches might represent the remnan t of a striped pattern that exten ded
over much of th e body . One cou l d specu late tha t t h i s pattern was replaced by a un i form
pa ttern , and was complemented by a straw-l i ke down structure, i n suri ng cryptici ty i n
area s of sparse vegetat ion as proto-ostriches became adapted to desert hab i ta ts .
Downy p lumage pattern s do not suggest an a l li ance between rheas and other rat i tes .

Al though i t would be possi b le to deri ve the striped rhea pattern from tha t of a cassowary ,
for example, no easy tran sformation i s ev i den t . S im i lar chest pattern s i n rheas and casso
wari es are simple and cou l d resu l t from con vergence . Thu s , they prov ide no ev i dence for
relat ionship .

K iwi s are thought to be most close ly rela ted to th e exti nct moas and to the l i v i ng cas
sowari es and emus (Parkes and C lark, Young ki wis are unpattem ed and the ir plumage offers no ev i dence on the ir poss i b le relat ion sh ip to other rati tes . The lack of a

di stinct pattern may be a deri ved condi t ion associated wit h the burrow-nesti ng hab i ts ofthese b irds .
T INAMOUS .

—Downy young t i namous fa l l i n to two di st i nct groups of genera : 1) Tinamus,

Nothocercus, and Cryp turel lus; 2) Rhynchotas, No i kura, Nothop rocta, Eudromia, and

Tinamot is. Ch icks of Taon iscus (not ava i lab le) presumab ly fa l l i n to the second group .

These groups correspon d to the subfami l i es Tinaminae and Nothurinae,
respecti ve ly , of

Miran da-Ri b iero The downy young prov i de no ev idence for von Boetticher
’

s
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( 1934) subd i v i s ion of the Nothurinae i n to two sub fami l i es, Rhynochot inae (Rhynochotus,
Nothura, N0 thop rocta, Taoni

'

scus) and Eudromi inae (Eudromia, Tinamot is).
Because the Tinaminae are forest dwe l lers wherea s t h e Nothurinae are b irds of th e

grass lands, pattern sim i lari ties w i th i n these groups might be attri butable to convergence .

Th i s seems un l ikely because pattern s i n the Tinaminae are compl ex , and t he Tinamus

pattern can be eas i ly transformed i n to the more u n i form pattern ofNothocercus through asma l l seri es of steps such as are represen ted i n ex ist i ng speci es of Cryp turellus (Figs . 5 ,Ch icks of the Nothurinae are un i ted by s imi lar i t ies i n back pattern and fea ture structure ;di ff erences between co lor pattern s of Rhynchotas and Eudromia are largely bri dged by i n
termediate pattern s wi th i n Nothop rocta (F igs. 7 ,

I n terrelation sh ips of ti namou genera d iagrammed by von Boett icher ( 1934 ; a l so re

produced inWard , 1957 : 336) are largely supported by Ward’s study of ma l lophagan par
as i tes on ti namous . Ward’s suggestion that Nothocercus i s more close l y related to

Cryp turellus than to Tinamus,
“however, i s a l so i n d icated by the simi lari ty of ch ick co lor

pa ttern s . I n add ition , ch ick plumages suggest that Nothop rocta may be somewha t more
c losely a l l i ed to Eudromia (and Taoniscus) than von Boett icher po stu lated . I n the speci esthat I have examined there are no close sim i lari t i es between pattern s i n the Tinaminae
and Nothurinae .

The a ttempt to establ i sh a phy loge netic l ink between the rati tes and t i namou s, and
part icu larly between the rhea s and ti namou s, da tes at least to th e early 19th cen tury, andthe downy young have been used to gi ve some support to that v i ew . Salvadori ( 1895 : 494)
stated that newly hatched ti namous are covered w i th down , and more or l ess close ly
resemb le the young of some of th e Ra ti tae .

” Wh i le I agree with Salvadori ’s implici tthesi s—tha t th e downy p lumages of b irds may be of great taxonomic va lue—I d iff er withh is conclus ion . Nowhere among the -t i namous tha t I have examined , nor i n speci es whose
ch icks are descri bed by Salvadori , are there pattern s resemb li ng those of rheas or any
other ra ti te . Th i s ev idence , of course, can not be u sed to refute the possi b i l i ty that t inamous may be more closely re lated to rheas than to any other l i v i ng taxon , but nei therdoes i t prov ide any support for that hypothesi s . Wh ether ana l yses of other taxa with pre
coci al young might suggest a l terna te relation shi ps for th e Ti namiformes Ga l l i
formes , see Verheyen , 1960 ; Chand ler, 19 16) i s problema tical but worthy of i n vestigation .
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Bukry and Bramlette, 1970 ; M i low ,
1970 ; Roth , 1970 ; Bukry , 197 1 ; and Mart i n i and

Wors ley , 197 1 . Because nan no fossi l s are sma l l and occur i n va st numbers i n a gi vensampl e, the who le assemblage can be scan ned i n a few minutes . Therefore
,
i t i s convem

ien t to base zona l identificat ions on the character of the who l e assemblage . Boundari es of
zona l un i ts (tab le 1) can usua l ly be i dentified by close ly spaced first and la st occurrences
of severa l species . Some of th e key spec ies used to recogn ize zone and subzone bound aries
are i nd icated i n tab les 2 and 3 . A fu l l d i scu ss ion of the character of these zona l un i ts is
gi ven i n the report on nan no foss i l stratigraphy for Deep Sea Dri l l i ng Project Leg 16 thatexp lored the eastern equatoria l Pacific Ocean (Bukry , i n press).

NANNOFOSS IL D ISSOLUTION
The d i vers i ty of species that compose nan nop lank ton a ssemblages i s , to a large ex

ten t, con tro l l ed by se lecti ve d i sso lution of ske l eta l e l emen ts between the time of dea th i n
surface water and the time of final buria l be low the ocean bottom . Skeleta l e lemen ts that
bypass or surv i ve i ngest ion by nan nop lankton herb ivores—microscop ic, plankton ic proto
z oans such as forami n ifers and rad io larian s (Tappan , 197 1)—owi ng to the ir ca lci te com
pos i tion are subjected to i ncreased i norgan ic d isso lution rates i n progress i vely more
ca lci te-undersaturated water at progress i ve ly greater ocean depth (Peterson , Al

though Berger ( 1970) has est imated tha t about four-fifths of th e ca lci te suppl ied to th e
ocean floor i s bei ng red isso l ved

,
nan nopl ankton ske l eton s are more res i stan t to th i s e ffectthan are other ca lci te microp lankton ske l eton s . Part of the ir res i stance to d isso lution may

be the resu l t of i ncorporation of aci d-res i stan t, fibri l lar, ce l lu lose-l ike po lysacchari d e ma

terial with the skel eta l ca lc i te (Franke and Brown , Chave and Suess ( 1967) have
stated tha t organ ic coat i ngs i n h i b i t the precipi tat ion of ca lcium carbonate on carbonate
surfaces . Such coati ngs t hat i n h i b it carbonate-sea wa ter i n teract ion s probab ly a l so retard
d i sso lut ion of ca lcium carbonate part icl es i n undersaturated wa ter (Smith et al .

,
1968 ;

Pytokow icz ,I n add i tion to the poss i b le organ ic coa ti ngs, varia tion i n nan noplankton ske leta lth ickness relati ve to opt ic-ax i s orien tation apparen tly accoun ts for some of the so lution
res i stance of nan noplankton. Some of the most res istan t taxa have a s imi lar re la t ion be
tween the exposed surfaces and optic-ax i s orien tat ion of the ir ca lci te crysta l l i tes . D is
coaster and the upper sh ie l d s of the placol i ths Coccol i thus and Cy clococco l i thina are

typ ica l ly the last remnan ts of a strongly d i sso l ved foss i l nan noplankton a ssemblage . I n
cross-po larized l ight, al l of t hese appear dark because of the vertica l orien tation of the
pri ncipa l optic ax i s of their crysta l l i tes . D iff erences i n d isso lution rates a long d iff eren t
crysta l l i te axes, i n conjunct ion with var iat ion i n crysta l l i te th ickness, cou l d cause a sign ifi

can t range of structura l d i fferences to expla i n se lecti ve so lu tion a long taxonomic group
1n 5 .g

The most d iverse a ssemblages , those from warm -wa ter areas tha t are l i tt l e aff ected
by ca lci te undersaturat ion , occur i n depos i ts from the sub l i ttora l shel f to t h e basa l con ti
nental s lope (approx . depth s 50-2000 m). Such assemb lages , wh ich may con ta i n common
pen tagona l ly-shaped Braarudosp haera or M icranthol i thus (JOIDES B lake Plateau cores,
for example), have been characteri zed as “nearshore” (Bramlette and Marti n i , A s
these nan noplankton are d ist i ncti ve ly shaped , the ir genera l absence i n deep-ocean (2000
6000 m) sed imen t i s easy to determine . I n deed , some of these presumed nearshore in
d ica tor taxa have been reported i n mid-ocean plankton and i s land samples , for example,
Braarudosphaera i n Nort h Atlan tic water (Hu l burt, 1962 ; Hu l burt and Rodman , 1963)
and Braa rua

’

osphaera and M i crantho l i thus i n sha l low-water sed imen t from the Tonga I slands (Bramlette, suggesti ng that they are not restricted to i n shore area s by env i
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rommen ta l factors wh i le they are a l i v e . I n stead , these forms are probab ly poorl y res i stan t
to so lution . Their spotty and far-flung d istri bution suggests tha t they are preserved i nsha l low (near-sa turated) depos i t iona l areas and d i sso l ved i n deep (u ndersaturated) area s .
Tab le 1 .

Cenozo ic calca reous nannoplankton zones and subzones . Approxi mate ages of ser ies and subser ies inmi lli on years from Berggren

PALEOCENE
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Compari son of fossi l nan noplankton a ssemb lages from Deep Sea Dri l li ng Project
cores taken from many ocean depth s shows that th e most so lu t ion -res i stan t genera—D is
coaster, Coccol i thus, Cy clococco l i thina, Ret i culofenestra, and D i ctyococci tes

—occur i n
nearly al l sampl es , sha l low and deep . I n fact, these taxa pers i st i n some deep-ocean red
c lay depos i ts a fter al l other ca lci t ic micro foss i l s have been d isso l v ed . On the contrary ,
such taxa as Braarudosphaera, M i cranthol i thus, Transverwpont is, S cyphosphaera, and He

l icopontosphaera are absen t from red-clay depo si ts . By compari ng many d ifferen t coeva l

Tab le 2. Typ ical ranges of some key late Cenozo ic calcareous nannoplank ton . Rare or spo rad ic occurrence

dashed .

Cena t o l i t hus r ugosus

Di s c oa s t er br ouwer i

D. s ur cu l us

D. neor ec t us

D. neohama t us
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cur at the s ha l low si te a lone .

Lower Ple i stocene Coccol i thus doroni co ides Zone :
D iscoaster perp lex as, Hel icop on tosphaera sell i i, Ool i thotus ant i l larum, Rhabdosphaera

cla vigera , Umb i l icosphaera m irab i l is.

Upper Pl iocene D iscoaster brouweri Zone :
D iscoaster p erp lex as, Hel icop ontosphaera sel l i i , Oo l i thotus ant i l larum, S cyphosphaera

apste in i i , S . intermed ia, Thoracosphaera spp .

Lower Pl iocene Ret i culofenestra pseudoumb i l ica Zone :
D iscoaster perp lexas, D iscol i thina j apon i ca, Heli copontosphaera kamp tner i , H . sel l i i,

Ool i thotus ant i l larum, S cyphosphaera apstein i i, S . g lobula ta, S . pulcherr ima, Thora

cosphaera spp .

Upper M iocene D iscoaster quinqueramus Zone :
D iscoaster perp lexas, D iscol i thina j aponi ca, H el icopontosphaera kamp tner i, S cyphos

phaera intermed ia, Sphenol i thus ab ies, Thoracosphaera spp .

M i dd le M iocene D iscoaster hama tus Zone :
D iscoaster p erp lexas, H el icopontosphaera kamp tneri , S cyphosphaera sp . cf . S . pulcher

rima, Sphenol i thus ab ies.

Estab l i sh i ng the re la ti ve order of nan nofoss i l d i sso lution i s importan t to prov i de informa tion for i n terpreta t i ng the pa leoeco logy of th e assemblages (Douglas , 197 1 ; Law
rence

,
and to improve preci s ion i n stratigraph ic zonat ion .

SYSTEMATIC PALEONTOLOGY
Genus Cocco l i thus Schwarz, 1 894
Coccol i thus magnicrassus n . sp .

Pl . 2
,
figs. 1-5

Descr ip t ion
—Th i s large, e l l iptic placol i th i s character i zed by a sma l l centra l area and

a broad finely stria te rim . I n l igh t-microscope exami nation , the cen tra l area i s prominen t
and the rim fa i n t, be i ng at h igh and low re l i e f wi th respect to the moun ti ng med ium
(n = I n cross-po lar ized l ight the cen tra l area i s bright, formi ng a sma l l e l l iptic col
lar around an e l l iptic cen tra l open i ng ; wherea s the rim i s fa i n t

,
with d i ff used strongly

curv i ng exti nction bands . The upper rim has 55-80 rad ia l crysta l l i tes , and i s d i sti nctlylarger than the lower rim.

Remarks.

—C0 ccol i thus magni crassus i s d i sti ngu i s hed from other s im i lar placol i ths by
the combined characters of ( 1) large overa l l s ize ; (2) sma l l , h igh re l ie f cen tra l area withsimple cen tra l open i ng ; (3 ) broad upper rim

,
composed of many e lemen ts

,
tha t i s on ly

modera te ly bright i n cross-po larized l ight and has d iffuse,
strongly curv i ng exti nct ion

bands . Towe ius cra t iculus Hay and Moh ler i s sma l ler with a narrower rim ; Ret i
culofenestra hi llae Bukry and Perci va l has a larger cen tra l open i ng and i n cross-po larizedl igh t a fu l ly bright rim with broader less curved exti nct ion bands ; Cocco l i thus crassus

Bramlette and Su l l i van is d i sti nctly sma l ler, and the upper, larger rim i s dark i n cross
po lari zed l igh t . A compari son of C. crassus with C. magn icrassus i s shown i n PI. 2, fig. 2.

Plate 1 . Electronmicrographs o f carbon-

plat inum repl icas show ing sur face c rystal l i te patterns of some typicalforms of Cenozo ic calca reous nanno foss i ls . 1 . Sy racosphaera pulchra Lohmann , Ple i stocene, Shatsky Ri se,

DSDP - 1-4
,
77-78 cm. X . 2. He l icopontosphaera kamp tneri Hay and Moh ler, Ple i stocene, Shatsky

Ri se, DSDP - 1-4,
77-78 cm . X . D ia tom fragment at lower r ight corner. 3 . Rhabdosphaera c lavigeraMu rray and B lackman, Ple i stocene, Shatsky R i se, DSDP - 1-4,

77-78 cm . X. 4 . G roup of placo li ths

and d i scoasters, Pl iocene , Caro l ine Ri dge , DSDP - 1-6 , 0-3 cm . X . 5 . Group of placo l i ths and a d is
coaster , M iocene,

Caro l ine Ri dge, DSDP - 1 1-5, 78-80 cm . X . 6 . G roup with placol i th , d iscoaster, andspheno l i t h , Eocene,
Ho r izon R idge, DSDP -3 -5,

145-150 cm . X .
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Occurrence —Cocco l i thus magnicrassus occurs i n lower Eocen e mari ne sed imen t
cored i n the North Pacific and North At lan tic Ocean and i n the Donzacq Marl of France .

I t does not range as h igh as C. crassus, for i t i s recogn ized on ly from the D iscoaster lo

doens is Zone thus far .

S i z e.
.
— l 6-20 micron s .

Holotype
—U SNM 176883 (Pl . 2, figs. 1

Para type
—USNM 176884- 176886 .

Typ e loca l i ty .

—DSDP -7-3
,
104- 105 cm

,
Shatsky R i se

,
northwestern Pacific

Ocean .

Coccol i thus miope lagi cus n . sp .

Pl . 2,
figs. 6-9

Descrip t ion.

—Th i s large placol i th has a med ium-s ized cen tra l area and a broad d is
t inctly striate rim . I n l igh t-microscope examination , bot h the rim and centra l area are

promi nen t . I n cross-po larized l igh t the cen tra l area i s brigh t wi th d i st i nct exti nctionbands ; the lower (sma l ler) rim i s brigh t, but the upper rim i s dark . A sma l l s impl e ell ipt i
cal open i ng or s l i t i n the cen tra l area i s a l igned with the long ax i s of the placol i th .

Remarks.

—The s imi larly con structed species , Coccol i thus eope lag icus (Bramlette and
Riede l) i s d i sti ngu i s hed from Cocco l i thus miop elag i cus by severa l cri teria : ( 1) Rim cou n ts
for C. eop elag icus are h igher, 50 to 6 1 i n stead of 40 to 49 ; (2) Measurement of ten typica lspecimen s shows that the cen tra l area of C. eop elag i cus occupi es a greater percen tage of

the long ax is , 59 i 1 percen t i n stead of 50 1 5 percen t ; (3) The cen tra l area a l so occupies a
greater percen tage of the short axi s

,
49 $ 2 percen t i n stead of 42 1 3 percen t . The genera ld i sti nct ion of C. miop elag i cus from C. e0p e lag icus and large specimen s of the younger C.

pelag i cus (Wa l l ich) s. s. i s the d i st i nct ly sma l ler cen tra l area of C. miop e lag i cus with respect
to the rim area . Large spec imen s of C. miope lag i cus are 20 micron s i n major ax i s length ,
but as i n d icated by Bramlette and R i ede l ( 1954) t hese midd le Tert iary forms , simi lar to C.

e0p e lag icus , are genera l ly sma l ler .

0 ccurrence.

—C0 ccol i thus miope lag icus i s most common i n lower and midd le M iocenesed imen t from the At lan tic and Pacific Ocean s and Cari bbean Sea . The appearance of C.

miop elag icus popu lat ion s near the O l igocene-Miocene bou ndary is probab ly a gradua ltransi t ion from C. eop elag icus resu l t i ng from increas i ng tempera tures . Some tropica lm id d le Eocene C. eope lag i cus popu lat ion s have a fa ir percen tage of associa ted C. sp . cf.

C. miop elag icus, whereas lower O l igocene (coo l er temperatures) and h igh lati tude midd le
Eocene assemb lages con ta i n on ly C. eop e lag i cus . The d isappearance of C. m iop elag icus at

the Ca t inaster coa l i tus Zone i s abrupt .
S i z e.

— l 3 to 18 micron s .
H olotyp e

—USNM 176888 (Pl . 2,
figs. 7

Para type
—U SNM 176887

,
176889 .

Typ e loca l i ty .

—DSDP -3-4, 80-8 1 cm, East Caro l i ne Basi n , western equatoria l
Pacific Ocean .

Plate 2. Pho tomicrograph s : X . 1-5. Coccol i thus magnicrassus, n . sp. ( 1) holo type U SNM 176883 , DSDP

-7-3 , 104- 105 cm ; (2) ho lotype at le ft, Coccol i thus crassus Bramlette and Sulli van at r ight, cro ss-polari zed , (3)
USNM 176884, (4) USNM 176885, cross-po lari zed , (5) U SNM 176886 , DSDP -7-2, 100-10 1 cm, cross-po lar
i z ed . 6-9 . Coccoli thus miope lag i cus, n . sp . (6) U SNM 176887 , DSDP -8-3 , 80-8 1 cm, (7) holotype USNM
176888 , DSDP -3-4, 80-8 1 cm, (8) holo type, cro ss-po larized , (9) U SNM 176889, DSDP -3-3 , 63-64

cm . 10- 1 1 . Coccol i thus ? orangens is, n . sp . ( 10) ho lo type USNM 176890,
DSDP - 13-1 , 120- 121 cm, ( 1 1)holo type, cross-po la rized ; th ree small Cy cl icargol i thus sp. cf. C .flor idanus (Ro th and Hay) wi th stra ight ext inct ion l ines are presen t below the ho lotype .
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Coccol i thus? orangens i s n . sp .

PI. 2,
fig . 10 ; Pl . 3 , figs. 1 -3

Descrip t ion .

—Th is sma l l e l l ipt ic placol i th has except iona l ly h igh re l ief wi th respect to
the mounti ng med ium (n = I n d i v idua l crysta l l i tes are not d iscern i b le by l ight mi
croscope . I n cross-po lari zed l igh t, the cocco l i th i s brigh t except for a sma l l cen tra l open
ing . The exti nction bands are strongly curved and become abrupt ly d i ffused i n a narrowmargi n a t the ou ter per imeter tha t i s s l igh tly brighter than the rest of the nan nofoss i l .

Remarks.

—Coccol i thus ? orangensis i s not read i ly ass ignab le to any presen tly descri bed genus . What migh t be a s ide v iew of th i s spec ies i s shown a t the right side of fig
ure 1-2 of Pla te 3 . The exceptiona l ly h igh re l ief, characteri stica l ly exceed i ng that of
d i scoasters, sma l l s ize , and brigh t per imeter help to d i sti ngu i s h C ? orangens is from other
e l l iptic nan nofoss i l s . There appears to be a narrow , h igh re l ief co l lar structure around thesma l l cen tra l open i ng, resu l t i ng i n a ri ng- l i ke' depress ion between the perimeter and co l

lar. C ? orangens is i s d i sti ngu i s hed from Cy cl icargol i thusfior idanus (Roth and Hay) by i ts
e l l iptic out l i ne ,

h igh re l ief, and brigh t perimeter .

0 ccurrence.

—Coccol i thus ? orangensis i s never abundan t but i s a con si sten t low-fre

queney member of upper O l igocene and lower M iocene assemblages ass igned to the

Sphenol i thus ciperoens is Zone and Tr iquetrorhabdulus car ina tus Zone . I t occurs i n bot h
Pacific and A tlan tic Ocean deep-sea cores .

S i z e.

-4 to 6 microns .
Holotype

—U SNM 176890 (Pl . 2,
figs. 10

Para typ es.

—~USNM 17689 1—176892 .

Type loca l i ty .

—DSDP - 13 - 1
,
120- 12 1 cm

,
Caro l i ne R i se

,
western equatoria l Pac i

fic Ocean .

Cyc l icargol i thus n . gen .

Descript ion
—C ircu lar to subcircu lar placo l i ths con structed of two sh ie l d s con nectedby a cen tra l tube that may be closed or open . I n plan v iew ,

the upper sh ie l d i s brigh t i n
cross-po lari zed l igh t .

Typ e sp ecies.

—C0 cc0 1i thus florida
‘

nus Roth and Hay i n Hay and others
,
1967

,
Gu l f

Coa st A ssoc . G eo l . Socs . Trans ,
v . 17 , p . 455

,
PI. 6 , figs. 1-4 .

Remarks.

—The genus Cy clococco l i thina Wilcoxon ( 1970) i ncluded circu lar to sub

circu lar forms of two k i n ds—those with dark upper sh ie l d s and those with bright uppersh ield s when v iewed i n cross-po lari zed l igh t . The sign ifican t d i ff erence i n the orien ta tion
of the optic ax is of the sh ie l d crysta l l i tes that accoun ts for th i s d i st i nction is con si dered to
be of generic rank . Therefore Cy clococco l i thina Wilcoxon i s here i n restr icted to those
forms hav i ng dark upper sh ie l d s such as Cy c lococco l i thina formosa and the type spec ies
Cy clococco l i thina lep topora . Forms W i t h brigh t upper sh ie l ds are tran sferred to Cy cl i

cargol i thus. The circu lar to subcircu lar ou tl i ne of th i s genus d i sti ngu i s hes i t from e l l iptica l
Coccol i thus Schwarz

,
which has a dark upper sh i el d i n cross-po larized l ight .

Cy cl icargoh
'

thusfloridanus (Roth and Hay) n . comb .

Coccol i thusfior idanus Ro th and Hay in Hay and others, 1967,
Gul f Coast Assoc . G eo l . Socs . Trans . 17 : 455, PI .

6 , hgs. 1-4 .

Cy c lococcol i thus neogamma t ion Bram lette and Wi lcoxon, 1967 ,
Tulane Stud ies Geo l . 5 : 104, PI. 1 , figs. 1-3 ; PI. 4,

hgs. 3-5 .

Cy c lococcol i thusflort
’

danus (Ro th and Hay), o f Mul ler , 1970,
G eolog ica Bavar ica 63 : 1 13 , PI. 2, hgs. 1-3 .

Cy c lococcol i thusfior idanus (Ro th and Hay), of Ro t h , 1970, Eclogae G eo l . Helv . 63 : 854, PI. 5, fig. 6 .

Remarks.

—The origi na l defin i tion of Cocco l i thusflor idanus Roth and Hay descri bes asma l l to 5 micron) e l l iptic placol i th . The origi na l defin i tion of Cy c lococco l i thus neo
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gamma t ion Bramlette and Wilcoxon descri bes a med ium sized (6 to 12 micron) circu lar
placol i th . Accord i ng to Ro th ( 1970) the electronmicrograph para types of these two speciesshow the same con struct ion and number of rim e l emen ts . The s l igh t d i ff erence ln s ize andshape noted i n the wri tten descript ion s probab ly resu l ted from the description of end

members of th e same species and from the use of d iff eren t i n strumen tat ion .

Cycl i cargo li thus lumin is (Su l l i van) n . comb .

Cy clococcol i thus lumin is Sull i van,
1965, Un i v . Cali f. Pub l . G eol . Sci . 53 : 33 , Pl . 3 , hgs. 9a, b .

Cy cl i cargol i thus ret i cula tus (Gartner and Smith) 11 . comb .

Cy c lococcoii thus ret icula tus Gartner and Smith , 1967, Un i v . K ansas Pa leont . Contr. ,
Paper 20, p . 4

,
Pl . 5

, figs. 1

4.

GenusCy clol i thel la Loeb lich and Tappan , 1963
Cyc lol i the l la kari ana n . sp .

Pl . 3 , hgs. 4-5

Descr ip t ion.

—Th i s sma l l circu lar cocco l i t h has a sma l l circu lar cen tra l open i ng tha t
occupies abou t a quarter to a th ird of the d iameter . The th ick upper sh ie l d 1 8 compo sed of
about 12 to 20 curv i ng crysta l l i tes that are strongl y imbricated , i n d icated by the spira l l i ngeffect as focus i s ra i sed or lowered through the cocco l i t h . The margi n of th e cen tra l open
ing and ou ter perimeter i s genera l ly smooth , bu t the perimeters of a few specimen s appear s l igh tly sca l loped . I n cross-po lari zed l igh t, no sharp b lack ext i nction ban ds
are seen ; i n stead , four li gh t-gray rays each occupy two or three crysta l l i tes .

Remarks.

—Cy clo l i thella kariana i s d i sti ngu i shed from other species of Cy clol i thella bythe sma l l cen tra l openi ng. I t i s further d i st i ngu i s hed from the most s im i lar species , Cy cl
o l i thel la pact i l is Bukry and Perci va l , by curv ed , gray exti nct ion bands i n stead of stra ightb lack ones , when viewed i n cross-po lari zed l igh t .

Occurrence.

-Cy clol i thella kariana occurs common ly i n lower Eocene sed imen t as
signed to the D iscoaster lodoens is Zone at DSDP on th e Shatsky Ri se of the north
western Pacific Ocean .

S i z e.

—6 to 9 micron s .
H olotyp e.

—USNM 176893 (Pl . 3 , figs. 4

Type loca l i ty .

—DSDP -7-3 , 104- 105 cm
,
Shatsky Ri se

,
northwestern Pacific

Ocean .

Genus D iscoas ter Tan
,
1927

D iscoaster b i fax n . sp .

Pl . 3 , figs. 6- 1 1

Descr ip t ion
—Th is sma l l species i s con structed of 10 to 15 (typ ica l ly 14) approx

imately rad ia l rays tha t are appressed and termi nate i n broad po i n ts . H igh cen tra l stemsexten d from each side of the discoaster . The stem on one s i de i s s len der, occupy i ng on ly
25 percen t of the s h ie ld d iameter, whereas the stem on the other s i de i s consi sten t ly tw ice
as wide, occupy i ng 50 percen t of the sh ie l d d iameter . No b irefri ngence i s seen i n cross
po lari zed l ight .

Remarks.

—D isc0 aster bifax i s d i st i ngu i s hed from other compact d iscoasters, D is
coaster barbad iens is Tan ,

D. circular is Hofimann
,
D. mult irad ia tus Bramlette and Ri ede l ,

D. sa ipanens is Bramlette and Ri ede l , and D. sa l isburgens is Strad ner, by ta l l cen tra l stems
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Descr ip t ion
—Th i s sma l l to med ium-si zed

,
s ix-rayed species has a cen tra l area oc

cupying about a th ird of th e tota l d iscoaster d iameter. I t has a sma l l cen tra l k nob
, and the

rays are d isti nct ly tapered , be i ng widest near th e cen tra l area . The tips of the rays have
d ist i nct i ve unequa l b i furcation s tha t are ben t sl igh tly ou t of the plane of the rays . Both
l imbs of th e b i furca tion taper to po i n ts, bu t a l l six sets show one l imb that IS con si sten tly
more than twice as long as th e other. The sen se of d irect ion of the resu l t i ng asymmetric
b i furcation IS a lways the same for al l s ix rays of a gi ven specimen .

Remarks.

—Bes ides D iscoaster loebl i chi i, the on ly oth er si x-rayed discoaster with or
dered

,
therefore primary , crescen t-formi ng b i furcat ion s i s D iscoaster ca lca ris Gartner,

which i s a large form more comparab le i n size, proportion s , and occurrence to five-rayed
D. hama tus Mart i n i and Bramlette . D iscoaster loeb ichi i i s d i st i ngu i s hed by a proportiona l ly larger cen tra l area ,

by shorter, broader, and more taperi ng rays , and by a sma l ler
average s ize ( 12 to 16 micron s i n stead of 16 to 22 micron s) . I t appears to have been de
r i ved from the Discoaster var iab i l is group, and d i ff ers from D. variab i l is variab i l is Marti n i
and Bramlette by the unequa l b i furcation s tha t form an asymmetr ic crescen t a t the ray
t i 3 .p

Occurrence.

—D iscoaster loebl i chi i was a l im i ted strat igraph ic range i n the ear ly la teM iocene Discoaster neohama tus Zone, where i t i s most common i n the midd le to upper

part of that zone . G eograph ica l ly , D. loebl i chi i i s known from the trop ica l Pacific Ocean
area s cored duri ng Deep Sea Dri l l i ng Project Legs 7 to 9 .

S i z e.

— 1 1 to 16 micron s .
Holotyp e.

—U SNM 176902 (Pl . 4,
fig.

Para typ e
—U SNM 17690 1

,
176903 .

Type loca l i ty .

—DSDP 83A-15-6
,
130- 13 1 cm

,
Panama Bas i n , eastern equatoria l Paci

fic Ocean .

Discoaster neorectus n . sp .

P1. 4
,
figs. 6-7

Descr ip t ion
—Th is gigan tic six-rayed species has a sma l l cen tra l stem but no sepa

rately marked cen tra l area . The rays are long and symmetrica l ly arranged , with sides that
are stra igh t or sl ightly con vex . The rays have a s l igh t taper and terminate i n simpl e sharp
pomts.

Remarks.

—D isc0 aster neorectus has simple, po i n ted terminat ion s that d i sti ngu i s h i tfrom D iscoaster brouwer i brouwer i Tan
,
emended

,
wh ich has rays ben t l ike umbrel la ri b s

,

and D. brouwer i rutel lus Gartner
,
which has b lade- l ike wedges a t the end of each ray. D is

coaster neorectus i s d i st i ngu i s hed from D . interca lar is by the narrower taper of the rays
and by the lack of a sign ificant cen tra l area .

Occurrence —In nan nofo ss i l a ssemblages from the Pacific Ocean , Discoaster neorectusi s common i n on ly a l im i ted stratigraph ic horizon of the upper M iocene ,
upper D iscoaster

neohama tus Zone to lower D iscoaster quinqueramus Zone . The unusua l ly large s ize of th i sspecies makes i t a conven ien t gu i de . S l igh tly less robust specimen s than those of the Paci
fic, bu t equa l ly large , are common i n Core DSDP 3- 10 from the Gu l f of Mex ico .

S i z e.

—20 to 3 8 micron s .

Plate 4 . Pho tomicrographs : X, unless noted ot he rw ise . 1-2 . Discoaster interca laris n . sp. ( 1) ho lo type
USNM 176899

,
DSDP 36- 12-5, 77-78 cm, (2) U SNM 176900 . 3-5 . D iscoaster loeb lichi i n . sp . (3) U SNM

176901
,
DSDP 83A- 16-4, 64-65 cm, (4) ho lo type U SNM 176902,

DSDP 83A- 15-6 , 130- 13 1 cm, (5) USNM

176903 , DSDP 83A- 16-4, 64-65 cm . 6-7 . D iscoaster neorectus n . sp . (6) U SNM 176904,
DSDP -3-4, 63-64

cm,
magnificat ion X, (7) ho lo type USNM 176905 . 8-9. Fasc icu l i thus cl ina tus n . sp . (8) holo type U SNM

176906 , DSDP -9-5, 77-78 cm, (9) holo type, cross-polar ized .
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Holotyp e
—USNM 176905 (Pl . 4,

fig .

Para type
—USNM 176904 .

Type loca l i ty .

—DSDP -3 -4,
63 -64 cm

, western flank East Pacific Ri se , equatoria l
Pacifi c Ocean .

G enus Fascicul i thus Bramlette and Su l l i va n , 196 1
Fasc icul i thus c l inatus n . sp .

PI. 4
,
figs. 8-9

Descr ip t ion.

—Th i s sma l l s imp le species has a short con ica l form with a sl igh tly
rounded top that produces an a lmost triangu lar outl i ne i n s ide v iew . The base l i n e i s es
sential ly stra igh t i n si de v iew and i s s l igh tly longer than the upper si des , wh ich are

stra igh t to sl ightly con vex . I n cross-po lar ized l igh t , a s i ng le med ian exti nction band b isects the triangu lar outl i ne .

Remarks.

—Fascicul i thus cl ina tus i s d i sti ngu i shed from other species of Fascicul i thusby i ts sma l l s ize and a lmost triangu lar out l i ne . The on ly comparab le sma l l form ,
F. tym

pan iformis Hay and Moh ler, i s cyl i n dric, with para l le l i n stead of i ncl i ned sides . Fascicu
l i thas magnus Bukry and Perci va l may have i nc l i ned sides for on ly ha l f of i ts he igh t and i smuch larger than F. cl ina tus. A l so ,

F. cl ina tus lacks the pi t-and -ri dge ornamenta tion de
veloped i n severa l other species, such as F. involutus Bramlette and Su l l i van .

Occurrence.

—Fascicul i thus cl ina tus i s common i n upper Pa leocene sed imen t of th e
Shatsky Ri se i n th e northwestern Pacific Ocean .

S i z e.

— he igh t, 4 to 6 micron s .
H olotyp e

—U SNM 176906 (Pl . 4,
figs. 8

Typ e loca l i ty .

—DSDP -9-5 , 77-78 cm, Sha tsky Ri se , northwestern Pacific Ocean .

Genus H el icop ontosphaera Hay and Moh ler, 1967
Hel icopontosphaera heez eml n . sp .

PI. 5
,
figs. 1 -5

Descrip t ion
—Th i s large species has a long bar, a l igned wi th the long ax is of the nan

nofossi l , tha t dominates the cen tra l area . The length of the bar i s 53 to 6 1 percen t of thetota l nan no foss i l l ength . The bar i s rounded at the en ds, and a l though the si de-s are nor

ma l ly smoo th , some etched specimen s show irregu lari t ies suggest i ng sma l l perfora tions .I n cross-po lari zed l igh t, the cen tral bar i s brigh test when a l igned with a po larizat ion d i
rect1on .

Remarks.

—Hel i copont0 sphaera heez en i i i s d i sti ngu i shed from sim i lar forms such as

Hel icopontosphaera lophota (Bramlette and Su l l i van) and H . p ap i l la ta Bukry and Bram
lette by the greater lengt h and the ax ia l a l ignmen t of the cen tra l bar. I t i s d i sti ngu i s hedfrom H . ret icula ta (Bramlette and Wilcoxon) by i ts non-rhombo i d shape and non-d iago
nal cen tra l bar.

Occurrence.

—Hel icop 0 ntosphaera heez eni i i s common in the upper midd le Eocene at

DSDP 44 on Horizon R i dge i n the northwestern Pacific Ocean , where i t was first recog
n i z ed . I t a l so occurs i n coeva l sed imen t of S tetson 21 . northwestern Atlantic Ocean .

Plate 5 . Photomicrographs : X . 1-5 . H e liCOpontosphaera heez eni i n . sp. ( 1) USNM 176907, DSDP -4

6 , 145- 150 cm, (2) ho lotype USNM 176908 , (3) ho lo type, cross-po lari zed , (4) U SNM 176909,

(5) same as figure 1 , cross-po lar ized 6-9 Hel icopon tosphaera rhomba n . sp. (6) USNM 1769 10, DSDP -2

1 , 67-68 cm, (7) ho lo type USNM 1769 1 1 , DSDP -2-4
, 8 1-82 cm, (8) holo type, cross-polari zed ,

(9) same as figure 6, cro ss-po la rized , 10- 12 . Sphenol i thus can icas n . sp. ( 10) ho lo type U SNM 1769 12, DSDP

80-5-2, 63 -64 cm, ( 1 1) ho lotype , cro ss-po lari zed , ( 12) holo type, cross-po la ri zed ,
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S i z e.

— 13 to 18 micron s .
Holotyp e

—USNM 176908 (Pl . 5, figs. 2

Para types.

—U SNM 176907
,
176909 .

Typ e loca l i ty .

—DSDP -4-6 , 145- 150 cm
,
Hori zon Ri dge, northwestern Pacific

Ocea n .

He l icopontosphaera rhomba n . sp .

PI. 5
,
figs . 6-9

Descr ip t ion
—Th i s large species has a large e longa te cen tra l open i ng that i s bri dgedby a d iagona l bar orien ted at about 45 ° to the long ax is of t he nan nofossi l . I n cross-po lar

i z ed l igh t, the d iagona l bar i s brigh t when the long ax i s of the nan nofoss i l i s a l igned with
a po lari zation d irection , bu t i t i s dark at The short-axi s exti nction bands are broad
and d iffuse when the nan nofoss i l i s at The bar i s not i n optica l con ti nu i ty with the
r1m .

Remarks.

—H e l i cop 0 nt0 sphaera rhomba i s d i st i ngu i s h ed fromHel icop ontosphaera loph
ota (Bramlette and Wilcoxon) by i ts more e longa te shape, larger cen tra l Open i ng, andmore d i ffuse short-ax is exti nct ion bands . I t i s d i st i ngu i sh ed from H . intermed ia (Marti n i)by i ts larger, non-s igmo i d bar ; from H . para l lela (Bramlette and Wilcoxon) by i ts more
open cen tra l area and d iagona l ly a l igned bar ; and from H . bramlettei Mul l er H . wi lcox

oni i Gartner) by its more elongate out l i ne and d iagona l (approx . bar.

Occurrence.

—H el icop 0 nt0 sphaera rhomba i s presen tly known on ly from the Ph i l ip
pi ne Sea i n lower midd le M iocene depos i ts cored dur i ng DSDP Leg 6 .

S i z e.

— 15 to 18 microns .
Holotyp e.

—U SNM 1769 1 1 (Pl . 5, hgs. 7

Para typ es.

—USNM 1769 10 .

Typ e loca l i ty .

—DSDP 540 8 1 -82 cm ,
Ph i l ippi ne Sea .

Genus Spheno l i thus Defland re, 1952
Sphenol i thus coni cus n . sp .

PI. 5, hgs . 16 12

Descr ip t ion
—Th is large species i s characteri zed by i ts ta l l triangu lar ou tl i n e i n si dev iew . The severa l apica l Spi nes are partl y coa lesced to form the triangu lar to rounded

triangu lar upper sect ion of the nan no foss i l . I n cro ss-po lari zed l ight, the base i s d iv i dedi n to quadra nts by the exti nction bands when the long ax i s of the nan nofossi l i s a l ignedwi th a po lari zat ion d irection . The height of the lower quadran ts i s equa l to or s l ightly
greater than the upper quadran ts . The ap ica l comp lex is brigh t when orien ted at 45° to
the po larizat ion d irection s .

Remarks.

—Sphenol i thus con icus cou l d be mistaken ly i den tified as a large Spheno
l i thas heteromorphas Defland re but i s d i sti ngu i shed by the grea ter proportion of the foss i ltha t i s formed by the basa l quadran ts i n stead of by the apica l complex . I t i s d i st i ngu i sh edfrom S . moriformis (Bronn imann and S trad ner) by i ts triangu lar i n stead of hemispher ic
outl i ne .

Occurrence.

-Spheno l i thus conicus occurs i n lower lower M iocene sed imen t of the
lower Tr iquetrorhabdulus car ina tus Zone from the Pacific Ocean .

S i z e.

—7 to 12 microns .
Holotyp e.

—USNM 1769 12 (Pl . 5, figs. 10

Typ e loca l i ty .

-DSDP 80-5-2, 63 -65 cm , East Pacific Ri se, eastern equatoria l Pacific
Ocean .
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Sphenol i thus ob tusus n . sp .

PI. 6 ,
figs. 1-9

Descr ip t ion
—Th i s species has a short cyc le of sma l l basa l spi nes and a large taperi ng

apica l Sp i ne con structed of two vert ica l ly matched ha l ves . The apica l spi ne ha l ves are
flush and terminate together . Seen i n side v iew and cross-po lari zed l ight , the con tact b e
tween the two Spi ne crysta l l i tes is p lanar, becau se ( 1) a b lack med ian l i ne appears when
the med ia n p lane of the sp i ne i s a l igned to a po lari zation direction , (2) a so l i d b lack orwhi te sp i ne appears i f a specimen i s ro l led so that the med ian plane i s para l le l to the mi
croscope stage and thus perpend icu lar to the po lari zat ion d irect ion s , and (3) ob l ique ori

en tat ions produce an 0 11-cen ter b lack l i n e . I n bright field , with a s i ngle po lari zer, the
apica l spi ne i s at low re l i e f when a l igned to a po lari zat ion d irection , and the basa l cycle i s
a t h igh re l i e f. When a l igned perpen dicu lar to a si ngle po lari zat ion d irect ion , the broadbase of the apica l spi ne s hows a round out l i ne . I n cross-po lari zed l igh t th i s con tri butes to
the d iagnost ic obtuse angl e made by the exti nct ion l i ne between the apica l sp i n e and theba sa l spi ne cycl e . The ba sa l cyc l e i s short and simple . No s i de-orien ted spi nes l i e between
the apica l spi n e and th e downward , proximal ly d i rected ba sa l cycl e .

Remarks.

—Sphenol i thus obtusus i s d i sti ngu i sh ed from S . furca tol i tho ides Locker by
the con si sten t obtuse angle formed between the apica l sp i n e and the exti nct ion l i ne be
tween the ba sa l spi ne i n cross-po larized l igh t . Sphenol i thus furca to l i thoides has a s i nglestra igh t exti nct ion li ne that i s perpen d icu lar to the nan no foss i l ax i s ; i t a l so has d i vergen tha l ves of the apica l spi n e . Sphenol i thus obtusus i s d ist i ngu i s hed from S . d istentus (Mar

t i n i) by the three- l i ne ext i nct ion pattern of t he basa l sp i n es , wh ich are a l so longer thanthose of S . d istentus.

I n i ts most typica l orien tat ion on prepared sl i des, S . obtusus has the med ian p lane of
the apica l sp i ne perpend icu lar to th e sl i de surface . I n cross-po larized l igh t a t 15° to 25 °
one who le s i de of the nan nofo ssi l—the ba se and ap ica l s i de— i s dark . At the exti nction
l i ne i s m i ss i ng from the apica l spi n e ; i n stead a l igh t b lue l i ne i s presen t tha t marks thetrace of the median p lane .

Occurrence.

—Sphenol i thus obtusus i s common i n upper midd le Eocene sed imen t from
Horizon Ri dge, northwestern Pacific Ocean . Sphenol i thus furca tol i tho ides occurs wi th S .

obtusus on ly i n the lower part of the ra nge of S . obtusus. Th i s d i stri bu tion , together withthe s im i lari ty i n con struct ion , suggest the deri vat ion of S . obtusus from S . furca tol i thoides.

S i z e.

—6 to 12 micron s .
H o lotyp e.

—USNM 1769 13 (PI. 6 ,
figs. 1

Para types.

—U SNM 1769 14- 1769 15 .

Typ e loca l i ty .

—DSDP -4-2
,
145-150 cm

,
Hori zon R i dge, northwestern Pacific

Ocean .

Sphenol i thus spiniger n . sp .

Pl . 6 ,
figs. 10- 12 ; PI. 7 ,

hgs. 1—2

Descr ip t ion
—Th is sma l l speci es i s domi nated by a ba sa l ri ng of spi nes . I n cross-po lar

i z ed l igh t , the lower basa l quadran ts are abou t twice as ta l l as the upper basa l quadrants .
The ap ica l structure appears to be a si ngle sma l l sp i ne that i s br igh t at 45 ° and dark
b lack , when orien ted para l le l w i th a po lari zation direction . When the nan no foss i l axi s i s
orien ted para l le l w ith a po lari zation d irection , the med ian exti nction band is flared nearthe base of the specimen , gi v i ng the large lower quadran ts a rounded appearance . At 45

°

to the po larizat ion d irection s, the area occupied by the dark flare of 0
°
or 90

°
con ta i n s

two brigh t spi nes tha t form an i n verted v and tha t are ou tl i ned by b lack exti nct ion
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Occurrence.

—S tria t0 c0 cco l i thus pa cificanus occurs through lower Eocene sed imen t of
the Shatsky R i se i n the Pacific Ocean .

S i z e.

— 10 to 14 microns .
Holotyp e

—U SNM 1769 19 (PI. 7 , hgs. 4

Para types.

—USNM 1769 18 , 176920- 17692 1 .

Typ e loca l i ty .

—DSDP -7-3 ,
82-83 cm, Shatsky Ri se, northwestern Pacifi c Ocean .

G enus Tr iquetrorhabdulus Marti ni
,
1965

Triquetrorhabdulus mi lowu n . sp .

PI. 7
,
hgs. 9- 12

Descr ip t ion
—Th i s sma l l speci es i s con structed of t hree b lades jo i ned symmetrica l ly at

a common ax is . Orien ted i n si de v iew , the nan nofoss i l ou t l i ne, which i s formed by two of

th e b lades , i s e l l iptic to rounded rhombo i d . I n th i s same ori en tation , the th ird b lade is
seen i n edge v iew . Max imum re l i e f above the moun t i ng med ium (n = and max

imum birefri ngence occur at 45
°
to t he po lariza t ion d irect ions . I n cross-po larized l igh t,the typica l co lor pattern of ye l low for the two b lades i n profi le,

red for the area next to the
th ird b lade (edge v iew), and b lue for the th ird b lade, i s a measure of the variou s th ick
nesses of the nan no fossi l at th i s orien tat ion . M i n imum re l ief and b irefri ngence (dark) forthe who le nan nofoss i l i s para l l e l w i th the po lari zat ion direct ions . Typica l ly the width ofth e nan nofoss i l i s equa l to one ha l f or more of the l engt h .

Remarks.

—Tr iquetrorhabdulus mi lowi i i s d i st i nct ly shorter than any ot her species of
Tr iquetrorhabdulus. I t i s d i sti ngu i s hed from T. inversus Bukry and Bramlette and T. ru

gosus Bramlette and Wilcoxon by the orien tat ion of the opt ic ax i s of the three b lades . I t i sd i st i ngu i shed from T. carina tus Marti n i , with wh ich i t shares the same optic-ax is pattern ,by a shorter more “
inflated

”

profi le . T. m i lowi i i s typica l ly one ha l f or two th irds as wide
as long and b lade margi n s tend to be curved , whereas T. car ina tus i s on ly one th ird or one
fourth as wide as long. You nger specimen s of T. mi lowi i ten d to be shorter and more el l ip
t ic i n ou tl i ne than o l der specimen s , with one end s l ightly wider than the other . Th is nan
nofossi l has been recorded as T. car ina tus [short] i n Deep Sea Dri l l i ng Project reports on
the tropica l Pacific Ocean . The strat igraph ic ut i l i ty of th i s species was suggested by Dean
M i low (pers . comm . ,

Occurrence.

—Tr iquetrorhabdulus m i lowi i i s common to rare i n lower M iocene sed i
men ts of the Pacific Ocean and C ipero section of Tri n i dad . Early forms of T. m i lowi i over
lap the upper range of T. carina tus i n the Triquetrorhabdulus car ina tus Zone, but T.

mi lowi i pers i sts upward i n to the Sphenol i thus belemnos Zone and poss i b ly i n to the lower
Hel icop ontosphaera amp l iaperta Zone , which are above the range of T. car ina tus.

S i z e.

—6 to 12 micron s .
Holotype

—USNM 176922 (Pl . 7 , hgs. 9 and

Para type
—U SNM 176923 .

Type loca l i ty .

—DSDP -4-4
,
63 -64 cm

,
western flank East Pacific R i se , equatoria l

Pacific Ocean .

Plate 7 . Pho tomicrographs : X . 1-2 . Sphenol i thus sp in iger n . sp . ( 1) USNM 1769 17, DSDP -4-6 , 145

146 cm, cross-polari zed , (2) cro ss-po lari zed , 3-8 . S tr ia tococcol i thus pac ificanus n . sp . (3) USNM
1769 18 , DSDP -7-2, 100- 10 1 cm, (4) ho lo type USNM 1769 19,

DSDP -7-3 , 82-83 cm, (5) ho lotype, cross
po lari zed , (6) USNM 176920, DSDP -7-3 , 104- 105 cm, cross-po lari zed , (7) USNM 17692 1 , DSDP -7-3 ,

82-83 cm, (8) cross-polari zed . 9- 12. Tr iquetrorhabdulus mi lowi i n . sp . (9) ho lotype USNM 176922, DSDP

4-4
, 63-64 cm, ( 10) U SNM 176923 , ( 1 1) cross-polari zed , ( 12) ho lo type, cross-pola r ized ,
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SAMPLE LOCAL IT IES
DSDP 3

DSDP 36

DSDP 19
°
19

’N . ,

DSDP

DSDP

DSDP 140
°
I8

’

H. )
DSDP

DSDP

DSDP

DSDP

DSDP

DSDP

DSDP

DSDP 77B (
DSDP 80

DSDP 83A (
STETSON 2 1 ,
Sample prov ided by M. N . Bram lette .

ACKNOWLEDGMENTS
The majori ty of the samples examined '

in th i s study were prov ided by the Nat ional Sc ience Foundat ionth rough the D eep Sea Dri ll ing Project .I w i sh to thank M. N . Bram lette, Scripps Insti tution of Oceanography, R . G . Douglas, Case Western Reserve Un i vers i ty, A . D . Warren, Mob i l Oi l Co rpora tion, and G . W . Moore, U .S . Geo logical Survey for helpfuld i scuss ions on va rious aspects of th i s paper. Pub l ication has been autho ri zed by the D i recto r of the U .S . G eological Survey .
L ITERATURE C ITED

Berger, W . H .

1970 . B iogenous deep-sea sed iments : F ract iona t ion by deep-sea c i rculation . Geo l . Soc .America Bull . 8 1 :
1385- 1402.

Berggren ,
W . A .

197 1 . Tert ia ry boundaries and correlations . In, Funnell , B . M.

, and W . The micro
pa leonto logy of oceans . Camb r i dge Un i vers i ty Press, p . 693-809 .

Bram lette, MN .

1970. Calcareous nannoplank ton . U .S . Geo l . Su rv . Pro f. Paper 640-A : 18 .

Bramlette,
M. N .

, and E. Mart in i
1964 . The grea t change in calcareous nannoplankton foss i ls between the Maestrichtian and Dan

ian . M icropaleon to logy 10 : 29 1-322.

Bram lette, M. N . , and W . R . R iedel
1954 . Strat igraph ic value of d iscoasters and some o ther m icro foss i ls related to recen t cocco l i thophores. J .

Pa leont . 28 : 385-403 .

Bram lette , M. N .
, and J . A . Wi lcoxon

1967 . M i d d le Tert ia ry calcareous nannoplankton of the C ipero sect ion, Trinid ad ,
W . I. Tulane S tud ies

G e0 1. 5 : 93-13 1 .

Buk ry , D .

197 1 . Cocco l i t h stratigraphy Leg 7 ,
Deep Sea D r i ll ing Project . Deep Sea D ri ll ing Proj . In i t ial Repts. 7 :

15 13- 1528 .

Cocco l i t h stratigraphy Leg 16 , Deep Sea D ri ll ing Project . Deep Sea D r i ll ing Proj . In i t ial Repts. 16,

in press .
Bukry, D .

,
and M. N . Bram lette

1970. Cocco l i t h age determinations Leg 3 , Deep Sea D r i ll ing Project . Deep ,
sea Dri ll ing Proj . In i t ial

Repts. 3 : 589
-6 1 1 .

Chave , K. B . , and E. Suess
1967 . Suspended minerals in seawater. New Yo rk Acad . Sc i . Trans . 29 : 99 1- 1000 .



https://www.forgottenbooks.com/join




AN U PPER PLE ISTOCEN E MAR I N E FAUNA
FROM M ISS ION BAY ,

SAN D I EGO , CAL I FORN IA

J . PH I L I P KERN , TOM E. STUM P
,

AND ROBERT J . DOWLEN

OF T H E SA N D E G O

S O C I E T Y OF

NATU RAL H I STO RY

VO L . 1 6 , NO . 1 5 29 DECEMBER 1 9 7 1





https://www.forgottenbooks.com/join


SAN D IEGO SOC IETY OF NATURAL H ISTORY VOL . 16

F igure 1 . Map of the M i ss ion Bay a rea showing the loca tion of San D iego State Co llege local i ty 2276 (Stephens’ra i l road cu t local i ty) and o ther Bay Po int Fo rmation foss i l local i t ies at Pacific Beach Crown Po int Tem

lote Creek south M i ss ion Bay and Sunset Cl iff s Inferred late Ple i stocene land areas are shaded . The

extens ion of the barr ie r beach south of Crown Po int i s based on the presence of sheltered-bay foss i l faunas beh ind the barr ier and the typica l developmen t o f such ba rr iers today . Probably the barr ier was alternately open
and clo sed .
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METHODS AND FAUNAL LIST
Each bed was sampled at two exposures , designated A (at the northern end of the

outcrop) and B ( 10 m to the south of A ; F ig . We co l lected 18 to 22 kg of sed imen t andfoss i l s i n each sampl e except the one from 2A, wh ich was twice that s ize . Each sample waswa shed through a lO-mesh (2 mm) screen , and a l l iden tifiab le foss i l specimen s were
picked from the ma teria l reta i ned i n the screen . Sed imen t pa ss i ng through the screen was
examined for micro foss i l s but none were found .

S ixty- seven species of mo l lusks, one chordate spec ies, and bori ngs of un identifiedspec ies of Polydora, an an ne l i d , and Cl i ona, a sponge , have been iden tified . The distri bu

tion and abundance i n the three beds of those species co l lected duri ng th i s study are

shown i n Tab le 2 . A l so i nd ica ted i n Tab le 2 are speci es presen t i n earl ier San D iego S tate
Co l lege co l lect ion s from thi s loca l i ty and i n the co l lection s of the San D iego Natura l H i story Museum . The latter i nclude a t least part of Stephen s’ ( 1929 : 253 ) co l lection from th i sloca l i ty , though we have not been ab le to find two of the spec ies he l i sted , Macoma ca l

carea and Phacoides ca l ifornica . H i s Macoma probab ly i s Psammotreta vi r idot incta, which
is common i n h i s co l lection , bu t tha t co l lection now con ta i n s no specimens l i ke ly to be
con fused wi th Pha co ides Lucina]ca l ifornica .

AGE OF THE FAUNA
Odostom ia d iegens is i s the on ly species i n th i s fauna not known to be l i v i ng. Add icott

and Emerson ( 1959 : 24) suggested tha t al l essen tia l ly modern foss i l faunas preserved at

the lowest emergen t terrace leve l i n southern Ca l i forn ia probab ly are corre lat i ve with the
regiona l type upper Plei stocene Pa los Verdes Sand at San Pedro . The Bay Po i n t Formation , which i s deposi ted i n part on th i s terrace , probab ly i s corre la ti ve , then , with upper
Ple i stocene depos i ts at San Pedro ,

Cayucos , and San N ico la s I sland that have been dated
rad iometrica l ly at between r and i years (see d i scuss ion
i n Kern , 197 1 : These faunas may have l i ved duri ng Sangamon i n terg lacia l t ime or

duri ng an earl ier i n terglac ia l epi sode .

ENV IRONMENT OF DEPOS ITION
En v i ronmenta l i n terpreta tions are ba sed on d istri but ion data for l i v i ng species fromBerry O l droyd G ran t and G a le Burch ( 1944 Hert le i n and

Strong Morri s R icketts and Ca l v i n McLean and Keen
The fossi l fauna i s characteri stic of the protected-bay env ironmen t, consi sten t with

the probab le pa leogeograph ic setti ng of the loca l i ty (Fig . However
, the i n ferred coast

l i ne suggests tha t th i s shore was exposed to over a mi le of open water beh i nd the barrierbeach , and severa l mo l luscan species a l so suggest that the fauna l i ved i n a somewha t ex
posed part of the bay . Li t tor ina scutula ta , a common speci es a t th i s loca l i ty , i s most abundan t today i n the less protected parts of bays (R icketts and Ca l v i n , 1968 : Lot t ia

g t
’

gantea and Mopa l ia ci l ia ta, rare spec ies i n th i s fauna , are characteri stic of a protected
outer coast (Ricketts and Ca l v i n , 1968 : 26 , but they may occur rarely i n the re la
t ive ly exposed parts o f bays .

ORIG IN OF FAUNAL ASSEMBLAGE
The composi tion of the foss i l fauna and the abundance of worn and broken she l l s

that are concen tra ted i n irregu lar beds , len ses , and pockets reflect loca l reworki ng of sed imen t and mixi ng of she l l s from sl ightly d i fferen t depth zones . L i t tor ina p lanax is, L. scutu

lam
,
Ass iminea translucens, Me lampus o l i vaceus, and Heterodonax b imacula tus l i ve at or
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near h igh tide leve l w here few other mari n e spec ies l i ve,
and Ceri thidea ca l iforn i ca IS most

common on midd le i n terti da l mud and sand fla ts where few other spec ies are abundan t .
Y et a t th i s loca l i ty these species are part of a rather d iverse a ssemb lage of i n vertebrates,
most o f wh ich extend from the lower part of th e i n terti da l zone i n to deeper wa ter. Be

cause of the re lat i ve turbu lence of the i n tert idal zone , even i n she l tered env ironmen ts
,

such mixi ng of species from di fferen t i n terti da l leve l s i s not unexpected .

Figure 3 . Exposure A at San D iego S tateCo llege local i ty 2276 . The lower part of
the excava tion has been covered since the
collect ions were made , and the basal con
glomerate and bed 1 are no longer ex

po sed . The abundant foss i ls in the lower
part o f the exposure are in bed 2, and the

smal l lens o f foss i ls h igher in the exposurei s in bed 3 . The i rregula r i ty and d is
cont inu i ty of these beds i s ev ident . The
penc i l i s 13 cm long.

However, i n spi te of th i s ev i dence for turbu len t cond ition s and loca l reworki ng of

sed imen t , there apparen tly was no large-sca le sed imen t tran sport . With the few exception s descri bed be low a l l the species i n th i s fauna l i ve i n the i n terti da l zone of she l tered
bays ; thus there was no mix i ng of s he l l s from wide ly d i fferen t env ironmen ts . In s i tu pres
erva t ion of the majori ty of species i s suggested by the presence of approx ima te ly equa lnumbers of right and left va l ves of severa l b i va l ve species and by h igh percen tages of ar
t icula ted specimens of Luc ina nutta ll i i, D t

’

p lodonta ser i ca ta, Chione ca l iforniensis, Psam
motreta vir idot incta, and Tagelus ca lifornianas. The deeply burrowi ng T. ca liforn ianas
common ly i s preserved i n l i fe orien tation i n these beds .

WATER DEPTH
Th is fauna clearly l i ved i n sed imen ts depos i ted i n or very near the i n terti da l zone .

The shorel i ne angle of the Nestor terrace i n th i s area i s no t more than 2 or 3 m higher
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than the foss i l-beari ng beds . L i ttor ina scutula ta, Cer i thidea ca l iforn ica, Melampus o l i

vaceus, Ped ipes l i ra tus, and S ep t ifer b ifurca tus are re lati ve ly abundant and they are re

stricted today to the i n terti da l zone,
as are the less abundan t Lot t ia g igantea, Lucap inel la

ca llomarg ina ta,
L i t tor ina p lanax is, Ass iminea translucens, and H eterodortax b imacula tus.

A l l but four of the other speci es range from the i n terti da l zone i n to deeper water.

One of the four exception s, Crass inella branner i i s common i n th i s fauna , and the

genus has a reported depth range of 2 to 40 m (Keen , 1963 : Psammotreta vi rida

t incta, a l so common , occurs today mostly off shore i n depth s to 14 fa thoms” (Keen , 197 1 :
However

,
the depth sign ificance of th i s species i s not clear because i ts presen t-daymin imum depth i s not known , and the change i n i ts geograph ic range si nce late Plei sto

cene time (Tab le 3) suggests tha t i ts env ironmen ta l to lerance l im i ts may have changed .

The co l lection s a l so i nclude four specimen s each of Nucula aff . N. ex igua and P i tar new

combianus. The former i s k nown to l i ve today i n depth s of 1 1 to abou t 2000 m (Keen ,
197 1 : 26) and the latter i n dept h s of 9 m or more (McLean

,
1969 : Though thesedepth ranges are i ncon si ste nt wi th those descri bed above, the few specimen s of these twospecies do not warrant substan tia l mod ificat ion of the suggested depth i n terpretation , es

pecia lly i n l ight of the quest ionab le i den ti ty of the Nuca la . However
,
th e presence of thesefour apparen tly subtida l species i n the fauna suggests that deposi t ion may have occurred ,

a t l east i n part , s l ightly below the i n tert i da l zone .

Bed 3 con ta i n s fewer species than beds 1 and 2, and most of the abundan t species i nbed 3
,
i nclud i ng L i ttorina scutula ta, Cer i thidea ca l iforni ca,

Nassar ius tegula, Melampus

ol i vaceus, Chionefluct ifraga, and Tage ltt s ca l ifornianas, today are restricted to or are most
abundan t i n the i n terti da l zone . The other common species i n bed 3 ,

D ip lodonta seri ca ta,

Protothaca staminea, and Te ll ina merops is, are more abundan t i n bed 2,
and these species

are not restricted to or most abundan t i n the i n tert i da l zone today . The four possi b ly subt i da l spec ies are uncommon i n b ed 3 . Thus bed 3 apparen tly was depos i ted i n the lower
part of the i n tert i da l zone , perhaps I m be low mean sea level , and bed 1 was depos i ted i nwa ter perhaps I m deeper . Probab ly sea leve l was stab le t hroughou t the period of depo
si t ion , and the change i n wa ter depth reflects the th ickness of sed imen ts , about 1 m, de

pos i ted from bed 1 through bed 3 . The base of the ou tcrop i s approx imate ly 14 m above
presen t mean sea l eve l , so sea leve l when these sed imen ts were depos i ted probab ly was
about 16 m h igher than i t i s today . The shore l i ne angle of the Nestor terrace i n th i s area i swi th i n 30 m to the east and no more than 2 or 3 11 1 h igher tha n loca l i ty 2276 ,

suggesti ngtha t at th i s leve l the sea was close to i ts maximum exten t on the terrace . The approx imate
posi tion of the coast l i ne at that sea l eve l i s shown i n F igure 1 .

The terrace deposi ts at Teco lote Creek (Fig . 1 ) are at a presen t elevation of 6 to 8 m
at the ba se of the sect ion and 14 to 16 m at the top . The fauna (Emerson and Chace , 1959 :
tab le 1) i ncludes nearly al l the i n tert i da l speci es presen t at loca l i ty 2276 , though the ir d is
tribution with i n th e sect ion i s now known . Poss ib ly the lowest beds were depos i ted somewha t offshore i n depths of 8 to 10 m and the h ighest beds , at about /

the same elevat ion as
the beds at loca l i ty 2276 , were depos i ted i n or near the i n tert i da l zone a fter th i s part of
the basi n had fi l led with sed iments . A l ternat i ve ly

, sea leve l may have been ri s i ng duri ngdepos i tion of these sedimen ts .
Va lent i ne ( 1959 : 685 , 687) suggested that max imum sea level duri ng cutti ng of the

Nestor terrace at Crown Po i n t
,
Pacific Beach , and Sunset C l i ff s (Fig . 1) was between 60

and 70 feet ( 1 8 and 20 m) above presen t sea l eve l and that the sha l low-water assemb lage
at Crown Po i n t , at a presen t e levation of 5 m a t the bottom of the section and 9 m a t the
top, probab ly l i ved when the sea was wel l be low its max imum exten t onthe terrace . Th i s
apparen t d i ff erence i n the sea l eve l s u nder which these two faunas l i ved suggests that they
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may not have been con temporaneous .

SUBSTRATE
Stratigraph ic fauna l changes a l so reflect a tempora l change i n the substra te . Tegula

ga l l ina ,
L i t tor ina scutula ta , S ep t ifer b ifurca tus, Ostrea lur ida, and Anom ia p eruviana l i ve

on ly or chiefly on hard substrates , and al l are very abundan t i n bed 1 and are e i ther rare
or absen t i n beds 2 and 3 . On the other hand

,
the characteri st ic mudflat species Tagelus

ca liforn ianas, Ceri thidea ca l iforn ica, and Melampus o l i vaceus are rare i n bed 1 and in

creasingly abundan t i n beds 2 and 3 . Thus the stra tigraph ic cha nge i n fauna l composi t ion
reflects both the decrease i n water depth and the change from a coarse grave l and bou l dersubstra te to mud .

CLIMATE
Species whose presen t-day geograph ic ranges end near or do not i nclude San D iego

are l i sted i n Tab le 3 with the ir ranges . Six speci es do not l i ve today south of the San
D iego-En senada region , and a seven th l i ves on ly as far south as Bah ia San Qu i n t i n . The

questionab ly ident ified Sp isula hemp hi l l i a l so l i ves on ly as far sou th as En senada . Seven
species l i ve on ly as far north as the San D iego-Los Ange les region . The over lapp i ng pres
en t-day ranges of these 14 speci es suggest that the la te Ple i stocene s ha l low-water mari ne
c l imate i n wh ich they l i ved was s imi lar to tha t a t the same la ti tude today .

However
,
the assemblage a l so con ta i n s severa l southern extra l imi ta l spec ies, speciestha t do not l i ve today as far north as San D iego (Tab le Anachis corona ta , Psammotreta

vi r ido t incta, and Chione gn id ia l i ve on ly as far north as Laguna Scammon or I sla de
Ced ros (28 ° north la ti tude) . Eup leura muri ciformis a l so i s reported to l i ve today on ly as
far north as I sla de Cedros , though Hertle i n and Strong ( 1955 : 258) i ncluded i n i ts synon
ymy Ranella tr iquetra Reeve , 1 844 from San D iego . Both Eup leura mur i ciformis and

Tab le 3 . Spec ies w i t h geograph ic ranges t ha t end near or do not in clude the San D iego area.

Spec ie s Geograph ic Range
Acma ea instab i l is

Hipponix tumens

Mopa l ia ci l ia ta

Ep i tonium ind ianorum

Assiminea translucens
Ca ll i tha ca staminea

Sp isula cf. S. hemph i ll i

Cer i thiopsis carpenteri

Alab irta tenui sculp ta

Nucula aff . N. exigua

Anadara cf . A. mul ti costa ta

Morula Iugubr is
Ped ipes Iira tus

Cra ssinel la branneri

Eup leura muriciformi s

Anach is corona ta

Ch ione gnid ia

Psammo treta vir ido t incta

A laska to San D iego (Morri s, 1 959 : 57)Crescen t C i ty to San D iego (Oldroy d , 1 927 , 2 1 1 3-1 1 4)Alaska to Bah ia Todo s San tos (Berry , 1 922 : 449-45 1 )Alaska to Bah ia Todo s San to s (Oldro yd , 1 927 , 2 5 8)Vancouver to Pun ta Banda (McLean, 1 969 : 28 )A laska to Bah ia San Qu int in (Gran t and Gale , 1 93 1 : 3 29)
San ta Barbara to Ensenada (McLean , 1 969 : 82)
San Ped ro to Sou t h Co ronado I sland (Oldroyd , 1 927 , 2
25 3 )

San Ped ro to Magdal ena Bay (Old ro yd , 1 927 , 2 14)
Los Angele s to Ecuador (Burch , 1 944-1 946 , no . 3 3 : 7)
Newpo r t Bay to Galapago s I slands (Keen , 1 97 1 : 48)
San D iego to Panama (Keen, 1 97 1 : 554)
San D iego to Go l fo de Cali forn ia (Old roy d , 1 927 , 2 54)
San D iego to Panama (Oldroyd , 1 927 , l : 1 1 0)

(San D iego I sla de Cedro s to Lob i to s , Peru (Her tle in and

S t rong , 1 955 : 25 8 )Laguna Scammon to Ecuador (San D iego Na tural H i s tory
Museum C0 11.)I sla de Ced ro s to Peru (Keen , 1 97 1 : 1 8 8)Laguna Scammon to Co s ta R i ca (San D iego Na tural H i s tory
Museum C0 11.)
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