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SuMMARY: Based on 48 specimens from the Golfo de California, México, a new species 
cf hom shark, Heterodontus mexicanus, is described. 

lt differs from H. francisci (Girard), (which is a sympatric species, at least in the south
ern part of their range), in the low supraorbital ridges which gradually blend into the head 
profile posteriorely; in H. francisci the supraorbital ridges are higher and well developed; 
H. mexicanus has a shallowly concave interorbital arca; H. francisci has a very concave 
interorbital area; H. mexicanus has a sligthly pointed snout, H. francisci has a rounded and 
relatively short snout; H. mexicanus has in the anterior area of the first dorsal fin nearly 
125 denticles/cm2 , H. francisci has in the same area approximately 200 denticles/cm'. The 
most important morphometric difference between two species, is the distance from the snout 
to the origin of the first dorsal fin ( see equations and regression lines in text). The dentary 
rows of H. mexicanus does not show to add tooth-rows with increasing size, H. francisci 
has the inverse tendency. Lenght at hatchling in H. francisci ranges from 150-160 mm total 
length, the single available specimen, ( hastchling) of H. mexicanus is 140 mm total length. 
Maximum total length of the 48 specimens of H. mexicanus examined in this study was 
700 mm compared to 889 mm for 106 specimens of H. francisci. Length of males at sexual 
maturity (as evidenced by the relative length of thc claspers) is 550 mm or Iess in H. 
mexicanus the first dorsal fin is higher and the pectarais longer than in specimens of same 
size of H. francisci. 

INTRODUCTION 

Seven extant species of the monogeneric f amily heterodontidae are known f rom 
the East and 'vVest Pacific Üceans, Australasia, and the lndian Ücean. The 
greatest concentration of species occurs in thc eastem Pacific region and inclu-
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des: Hc>terodontus /rancisci (Girard), from California and the Golfo de Cali
fornia. México; H. quoyi (Freminvillc). from the Galapagos lslunds. und tht> 
Peruvian H. peruanus (Evermunn and Radcliff<·) which Bedw and T <'e Van 
(1941) synonymized with H. quoyi. The new spccit's described herein raises thc 
tolal numbcr of easlern Pacific speci<·s to four. h is apparcntly sympatric willi 
H. /rancisci throughoul mosl of its range. 

The heterodonlid shark Íigured in Kumada and Hiyama (ICJ37, pi. 46. p. 16) 
as Gyropleurodu.s ( = Heterodonlus) peruanu.s Evcrmann ancl Radcliffe is pro
bably H. mexicanus sp. n. This is indirnted by the low supraorbital ridges ami 
the relatively shorter distance f rom snout to D, origin. The exact collection-lo
calily of this specimen is not recorded and it has been assumecl lo be Írom "so
mewhere along the west coast of Mexico" (Beebe and Tee Van 1941, p. 119). 
However it was probably caughl within lhe Golf o de California since Kumada 
and Hiyama also rt'cord speci<'s endemic lo lhis arca (e. g. Cynoscion mac
donaldi Gilbert). h should also be pointed out lhat tlw egg-case whkh Bt•elw 
and Tce Van collected al Arena Bank. Golfo de Caliíornia (p. 120. Íi~. 31) 
nnd which they refer to H. qu.oyi, is probably refernble to H. mexinmus. Tlil' 

riclged flang<'s and tentades illustrated and discussed by Beebe and Tt•e Van 
are identical with those found in the cgg-case hcrein altributed to 11. mexicanus 
(Fig. 5). 

MATERIAL ANO METHODS 

Specimcns deposited at the following institutions were examincd: Scripps lns 
litulion of Üccanogruphy (STO). University of California at Los Angeles 
(UCLA), and Los Ang<·les County Museum of Natural Hislory (LACM). Pro
jeclion mcasurcmcnls listed in Table 1 and given in the descriplion we;-e madc 
in the manner of Bigelow and Schroeder ( 1948). M<·asuremenls hearinq an us
lerisk in Table l were made on a si iding-scalt> measuring table similar lo lhal 
dt>scrib<·d by Hiatt and Hamre ( 1945): the remaindcr were made with dial ca
lipers. The clislanc<· from the origin of the st>cond dorsul fin lo the una! ori¡¡"in 
was calculatC'd hy suhtrucling the distance between tlw snout .. (ip ancl the sernnd 
do~sal origin from the dislance b<·lween thc snout-lip ancl the and origin. 

Tlw following .-.hbrcvialions are us<'d: TL, total length; HL. head length; SI .. 
snout length; D1. first dorsal fin; D,. sernnd dorsal fin; P 1. pectoral fin; P,. 
pelvic fin; and A, anal fin. "Origin" is usecl to mean the anteriormost· poinl 
at which a fin-margin meets the main profil(• of the body; "insertion" ref<'rs lo 
the posteriormost point at whkh a fin-hase is altached to the body. 

Counts of vertt:bral centra were made from radiographs. Monospondylous counls 
are least subject to error; diµlospondylous counts are less accurate due to dif

ficulty in ascertaining the exact origin of the caudal fin. Caudal vertebra_e are 
not recorded because the small, often poorly calcified terminal centra are usually 
obscured by dermál dentides and an accuratc count it not possible. Also recor
ded are the number of monospondylous cenha between the origin of the ver
tebral column and the inscrtion of the first dorsal spine and the number of di-
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plospondylous centra between the transition from monospondyly ancl th<' inser
tion of the sccond dorsal spinc. In both cases, the spine directly overlies the ver
tebral column and the firsl centrum with al least one-half ils length under thc 
spine is counted as the insertion-centrum. 

Counts of loolh-rows were made from 21 sets of jaws dissectecl from spl'l:i
mens ranging from 158-680 mm TL. Comparative material of H. {rancisci indu
ded 38 dissected jaws from specimcns 160-800 mm TL. 

Heterodontus mexicanus sp. nov. 

(Fig. 1) 

Gyropleurodus peruanus: (not of Evermann and Raddiffe) Kumada and lli
yama 1937: 16, pi. 46. (Figure and descriplion). 

Heterodontus peruanus: (not of Evennann and Raddiffe) B<'ebe ancl T1·1· Van 
_ 1941: 119-120, fig. 31 (Figure ancl descriplion of egg-rnse). 
DIAGNOSIS. This species is distinguished by having low suprnorbilal ridgcs 

which graclually blencl into the head profile posteriorly. a shallowly conrnve intt•r
orbital area, a slightly pointed snout, large dentides, numerous large black spots 
covering thc dorsal body surface, a faint white bar .:cross the interorbital area. 
and an egg-case with ridged flanges and tendrils. 

DESCRIPTION. Heacl moderately depressecl with ventral surfacC' flattened, 
ils length about 4-5 in total length; supraorbital ridges low, equal in height for 
most of their leugth, gradually joining head profile poslNiorly. lnterorbital arca 
only slightly concave, inlerorbital distance 2.5 in head length: snout relaliV<'ly 
elongate and pointed. its length about 2-3 in head length. Maximum inlerna
rial dislance about 2.5-3 in head length; proximal anterior margin of no,..(ril cx
panded as a flap: shallow groove along distal margin of nostril: oronasal groove 
pres<'nl. Mouth ll'ngth about 4.5 in head ll'ngth: mouth width about 2 in head 
length: margin of lower jaw wilh thick labial lobes lying at riglh angles lo 
miclline of body. 

Number of IC'elh variable: total in uppl'r jaw 19-25 in adults: numher of mo
lariform teeth varying f rom 4-5 on t•ach sicle, raptorid lel'lh 4-5 on <'«ch sicle: 
looth-row in jaw symphysis pn•sent or absent. total teeth in lower jaw 15-21. 
3-5 molariform. 2-4 rnptorial:. usually a tooth-row in symphisis. l\'lolariform leeth 
wilh a strong ridge along crest of long axis. Specimens less than 200 mm with 
ali teeth similar. each tooth with 8-9 strong cusps. 

Eye moderntely large ancl oval. its major axis 6-7 times in HL; spirade small 
and pore-like. located below posterior comer of eye about one-third eye diame
ter from ventral margin of orbit. Distance from snout to spiracle about 2 in 
head length. Gill-slit I highest of the five, about 4.3 in head lenglh, the height 
of each slit decreasing posteriorly with V about one-half the height of l. Gill
slit III over pectoral origin; distance from snout to gill-slit I about 6 in total 
length. Distance to P1 origin about 4-5 in TL, this origin well ahead of D1 ori
gi~. Pectoral fins moderate in size, maximum length lcss than head lenglh, pee-
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toral base 2.5-3 in head. Pelvic origin sligthly behind free encl of D1: distance 
from snout lo P" origin 2.2-2.5 in total length. Pelvic base almos! 3 in head len
gth, extreme tip of fin barely extending to D, origin. In mature males that portion 
of pelvic clasper extencling beyond free margin of fin is equal in length lo entirc 

pelvic fin. 
D, lmgcr than De, its hei~ht (from posterior inserlion to extreme tip) about 

10 in total length. D 1 origin behind middle of pectoral base but ahead of pec

toral fin inserlion; snout lo D 1 origin 3.5-4 limes in total length. O, hcight 18 
limes in total length: origin !)('hincl lrailing edge of pelvic fins; distance from 
snout lo D, origin about 1.7 in total length. Dis:ane<' la nnal origin about 
1.4-1.6 in total IC'ngth: anal Íin small. base aboul 4 in heacl length: anal origin 
slightly ahead of extreme rcar lip of De: trailing edgc of anal oppoidte origin 

of lower caudal lobe. 
COLORATION. Ground color of f resh specimens a (.!n·yish-brown with sli

ght bronze iridescence, ventral burÍaces of bocly and Íins palc whitish-grcy. 

Both Íresh and prescrved spccimens with pale bar ncross the top of the head 
ccnneding the posterior ends of suprnorbital ridges. This bar accentuated hy 
diffuse hlackish ureas in front and behind. A similar but lcss obvious bar con
neds anterior parts of supraorbital ridges. Dorsal surfaces of body, paired Íins, 
and caudal and dorsal Íins often with large hlack spols (about one-half eye cliame
ler). Number of spots varying widcly bctwcrn individuals. Top of head and snout 
rarely spotted. Ventrnl surfaces of bocly pale cream to white, rarely with black 
spols, which are smaller than those on flanks and hade A pnle area oÍlcn ex
lending up sides of body almos! to midline in area bctwecn P" base ancl caudal 
origin; a less extcnsive pal e arca usunlly f ound on lower si des of belly arca bct
ween P 1 insertion and P 2 origin. 

Body and fin surfaces covercd with denticles, typically cross-shaped and largc. 
causing sl<in smlace to JJC' coarsc and rough lo tf:e touch; arca behind D1 with 

70-130 denticles/ cm" in adults. Total precaudal vertebrae 60-70 ~ = 64.2) mo

nosponclylous 30-34 (x°" = 30.9) diplospondylous 30-38~ = 33.3) dosal spine 

1 inserted over 14th-16th ~ = 14.9) monospondylous vertebra, dorsal spine JI 
insertecl over 9th-14th (x = 11.9) cliplospondylous vertebra. 

EGG-CAsE (FIGs. 5, 6) 

Three heterodontid egg-cases trawled from 55-73 m in Bahía de la Paz, Baja 
California Sur, México (SIO 65-257) are strinkingly different from those of H. 
francisci and nre attributed to H. mexicanus. Both types are ovately spheroid 
with a double row of ridges spiralling around the case giving it the appearance 
of an augur. In egg-cases of H. francisci these ridges ar~ simple, thin, and wit
hout flanges; in contras! the mexicanus type has fairly thick ridges which bear 
wide flanges lying in a plane parallel to the midline of the case. The tip of the 
case also bears i\ pair of tendrils which exceed one-half the length of the entire 
case. Such tendrils are lacking in cases of H. {rancisci (Fig. 6). (These t~ndrils 

have brc;:hn off thc case illustrated in Fig. ::i but Íragments of the othe-r cases 
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in SIO 65-257 bear complete tendrils). The cases of H. mexicanus are also 
smaller; the maximum length of the two remaining intact cases are 78 and 83 
mm. Cases of !-/. francisci an• usually over 100 mm in longest dimension. 

Four month~ after colleclion a 140 mm TL female hatched from one of th<! 
egg-cases which had heen mainlaiiwd in an aquarium. The hatchling died a 
shorl lime late, and was preserved Íor study. Characleristics of this specimen 
confirm the sus,1icion that the egg-cases were laid by and individual of H. me
'<icanus. 

Although the egg-cnse of H. mexicanus is quite differenl from that of H. fran · 
dsci, il is slrikingly similar lo that of H. quoyi as described in Tortonese ( 1939. 
p. 2) and illuslrnled in Orces (1951, p. 74, Fií!, 1). Both lypes sharc the cha
raderistics of smaller size ( 64 mm in T ortonesc' s specimen and 84 in Orce' s). 
flanged ridges. an double tendrils on the poinlt•d end. (11 should he noted that 
T ortonese described the case as having four tendrils in his 1939 paper but co
rrected this erroneous stalement in 1951). 

MATERIAL ExAMINED 

Holotype. SIO 70-90. A 610 mm TL female collected near Cerro Colorado. 
Sonora, Méxir.o by a Mexican shrimp lrawler in about 20 m depth on 25 March. 
1970 and obtained for study by an SIO-UCLA joint collecting party. Paratypes 
Golfo de California, SIO 59-101. 9(482-700} near San Felipe, Baja Califor
nia; UCLA 52-45, 1 (3581 off Punta Fermín, Baja California; SIO 62-236, 
2(550-557) Bahía de Los Angeles; LACM 8825, 2(525-635) Bahía de Las 
Animas; SIO 65-305, 2 (502-506) Bahía Santa lnez, SIO 65-257. 1 ( 140) 
and 2 egg-cases, Bahía de La Paz; SIO 65-250), 1 (611) Canal de Ce
rralbo: SIO 60-112, 1 (494) near Bahía Kino; SIO 69-315, 1 (593) near Punta 
Kino; SIO 70-90. 18(355-641) near Cerro Colorado, Sonora; LACM 6552. 
1 (303) Los Cocos, Sinaloa: UCLA 50-43, 3(276-328), Sonora: LACM 6552. 
UCLA 58-46, 2l569-599) S. of Bahía Topolobampo. Outer coast of Baja Ca
lifornia: SIO 64-19, 1 (663) and UCLA 55-95, 1 (521) Bahía Magalena. 

ÜERIVATION OF NAME 

Named mexicanus for the country to whose coastline the species is apparently 
endemic. 

RANGE (FIG. 3) 

H. mexicanu.s occurs within the Golfo de California on both shorelines and 
is also known from Bahía Magdalena on the outer coast. 

loENTIFICATION OF JuvENILES 

ldentifica!ion of sub-aduhs (> 400 mm) becomes increasingly difficult with 
decreasing size. Complete lreatment of this problem is not possible al present 
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due lo the !ad, of specimens of both species within the 175-275 mm size-range 
which prevents the evaluation of diagnostic characters for individuals of these 
lengths. It is possib!c that identification migth be difficult for this size-class. 

The following discussion is based on 1 hachling and two 165 mm specimens 

of H. mexicanu!' ami over 25 hatchlings, and one 276 mm TL juvenile of H. 
Jrancisci. The adult diagnostic characters are so obscured in juveniles that they 
are of lillle use in lhe smallest specimens. In juveniles of both species the supra
orhilal riclgi·s are high, the clenticles are coarst'. and the dark bocly markings 
ar!' similar in size. 

Howcv!'r thP~e are trencha11t differences bctwc•c•n juvl'nile specimens of both 

species which are not f ound in aclults. Ali specim<>ns of H. mexicanus have '.l 

much higher Íirls dorsal fin (5 in TL compared to in TL) and much longcr 
pcclornl Íins (1xc:C'eding the HL in H. mexicanus but shorlcr than HL in H. 
/,·ancisci). In acldition, the tip of the anal fin falls shcrt of thc lower caudal 
origin in /-/. mexicanus, but it meets or excecds it in H. {rancisci. 

Both speciPs sharc lhc onlogenetic changes in dentition which are c:haracle
ristic of the family Hclerodontidae. That is, in the young stagPs all teeth in thl' 
jaw are similar and multicuspid. With malurity. the lateral lccth lose their sharp 
cusps and bec:omc molariÍorm, whilc the fronl teeth change to the adult tricuspid 
conÍiguration wilh a long central cusp and subordinate side cusps about 1/3 to 
1/5 as long. In individuals up lo 200 mm TL the tceth bcar 8-9 cusps in H. 
mexiccmus and 7 or less in H. {rancisci. In specimcns greater than 300 mm TL, 
rhc transilion lo lhc adult looth-lypc is well begun and this charader is no lon
gcr usdul. 

Comparison of H. mexicanus and H. {rancisci 

The rnngcs of H. mexicanus sp. n. and H. {rancisci (Girard) ovcrlap in thc 
Golfo de Caf:f 'lrnia and al Bahía Magdalena. The two specics were laken lo
getlwr in four ol twcnty-two collections examined from these areas. 

Howcver collcction rpcords are not suff:ciently detailed lo allow inierences 
¡_¡bout 1•cologicaÍ differences. 

Thc lwo speciC's are disling·uished as adult using lhose characters outiined in 

thc diagnosis. SmaIIC'r specimens become increasingly difficult to identify as they 
dccrcase in sizc; characters used in distinguishing juveniles are discusscd in the 
seclion "JdenliÍicntion of Juv(•nilcs". 

CouNTs OF VERTEBRAL CENTRA 

Although all of the various counts of vertebral centra overlap in range, four 
of the five are significantly different at the .05 level of prnbability when the 
means are compared. These data are summarized in Table 2. Only the mea ns 
for D1 spine-cenlra do not differ significantly. lt should be noted thal magni-
tucle of the co,~flicicnts of variability are quite similar in the lwo species. Thc 
most variable counl in each is the number of D2 centra which has a coefficient 
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of variability exceeding 10 in both species, compared with less than 6 in the 
other, less variable counts. 

MoRPHOMETRIC CttARACTERS 

Both specie~ are striking)y similar in almos: ali of the morphometric charac
ters investigated as shown in Table 1. In addition there is a good deal of varia
bility present ·within a species for any given m(•asurement. This precludes the 
effective use of morphometry for the identifkation of individual specimens. The 
most striking morphometric differrnce between H. mexicanus and H. francisci 
is summarized in Fig. 4 in which the distancc from snout to D1 origin is plot
ted against the distance from D2 origin to anal origin (measured as a projec
tion). The two regression lines were calculated using the Bartlett method (Simp
son, Rowe, and Lewontin 1960: 230-238): the 95% confidence limits for the 
lines , are not ill ustrated but overlap only fo1· specimens smaller than 200 mm 
TL, or 60 mm :;nout-to-D1-length. The regressión equations were calculated to 
Le Y = 0.227X + 8.404 for H. mexicanus, and Y = 0.418X + 6.520 for H. /ran
dsci. 

ÜENTICLES 

Dermal denticles oí both species are of the typical h~terodontid type: sessile, 
flattened, and sliaped like a maltese cross when vicwed from above. This ge
neral shape may vary over the body and fins with the center of the cross ele
vated on most dorsal body surfaces but quite flattened on lhe ventral surfaces. 
In tho:.e areas where the skin surface commonly is abraded by the substrate, 
such as mots •)Í the ventral surf aces, and thí' snout, the denticles are worn down 
i'lt~ a pattern resembling street- cobbling. The denticles are constantly being 
replaced and representatives of ali sizes are evident in any given area. 

H. mexicanus generally seems lo have somewhat larger, less densely distri
bnted denticles. This gives the surface of aduh a much coarser appearance than 
in H. francisci in which the denticles are smaller and closer together. This is a 
ctiflicult charncter to quantify owing lo the continua! introduction of new den
tides indepencienl of the total length of the individual. However the maximum 
size of denticles appears larger in H. mexicanus. Ten specimens oí H. mexica
nr1s had less than 125 denticles/ cm2 in the area immediately anterior to D1 com
pared to over 200 dentides/cm2 in ten specimens of H. Jrancisci. 

TEETH 

Dentition in both species is similar: the front teeth are tricuspid with the cen
trn.l cusp the longest: a few rows of transitional teerh separate these raptorial 
teeth from the molariform teeth of the sides of the jaw. In both H. mexicanus 
and H. francisci these elongate, rounded, grinding-teeth bear ridges on their sur
faces extending for the length of the crown. The presence of "carinate lateral 
teeth" (referriag to this ridge or keel) was used by Regan ( 1908: 494) and 
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Gill (1862: 489) as a character in defining various generic and subgeneric grou
pings within the Heterodontidae. The condition is contrasted with the smooth 
rounded lateral ieeth found in H. japonicus Maclay and Macleay and H. portus
jacksoni (Meyer). These subdivisions are noi recognized herc-in. 

The number of tooth-rows is variable within each species ancl their ranges 

overlap thus prt>cluding the use of toolh-numbers in the distinguishing of species. 
Total number of looth-rows in 14 adult H. mexicanus ranged from 34-44 with a 
mean of 30, compared to 37-52 in 35 H. {ra.ncisci with a mean of 43. A t-lesl of the 
tw~ means showf:'cl no significan! diffnence between them al the .05 leve! of 
probability. 

The mosl .. triking difference in denlition is the general tendency for H. {ran
cisci to add- tooth-rows wil h increasing size (Fig. 7) ancl the contrasting smaller 
correlation between loto! lenglh and toot-numbcrs in H. mexicanus (Fig. 8). 
The conelation coefficients for total length and total tooth rows in H. mexica
nus and H. /rnncisci are .66 and .90 respectively. 

H. mexicanu-; appears to he a gt>nerally smallt>r species than H. /rancisci. 
Length at hatching in H. /rancisci ranges from 150- 160 mm: the single availa
ble hastcling of H. mexicanus is 140 mm TL. Probably correlated with small 

hatching-size i., the smaller egg-case sizc in H. mexicanus. Maximum lengths ol 
the two cases available for study are 75 and 84 mm: egg-cases of H. /rancisci 
range from 104-123 mm and average 111 mm. 

Maximum lota! lenglh of the 48 specimens of H. nwxicanu.s examined in this 
study was 700 min. compared lo 889 mm for 106 specimens of H. /rancisci. Length 
of males at sexual maturity (os evidenced by the relative length of the clas
pers) is 550 mm or less in H. mexicanus and 600 mm or more in H. {rancisci 
(Fig. o). 

RESUMEN 

Del estudio d..: 48 ejemplares colectados en el Golfo de California y en Bahía 
Magdalena, coslo occidental de Baja California se describe el tiburón-gota He
lerodotus mexicanus sp. nov. 

Difiere de H. /rancisci (Girard), especie simpátrka de H. mexicanus, por las 
siguit•ntes características: Crestas supraorbitalt>s muy bajas t'n comparación con 
H. /rancisci, en el cuol dichas t>structuras están bastante desarrolladas y altas; 
H. mexicanus presenta un área inlerobital ligeramente cóncava, en tanto que en 
H. /rancisci dicha superficie rs muy cóncava: en H. mexicanus el hocico es más 
aguzado que en H. /rancisci, rn el cual tanto el hocico como el morro son redon-· 
deados y cortos: H. mexicanus presenta, t•n el área inmediata anterior a la pri
mera aleta dorsal. alrededor de 125 dentículos dérmicos/ cm". La característica 
morfométrica más importante entre las dos t•species es la distancia que existe 
desde el hocico al origen de la primera aleta dorsal (ver ecuaciones y líneas de 
regresi:ón en el texto). En H. mexicanus al aumentar el tamaño no aumentan 
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las filas dentarias, mientras que en H. f rancisci, al aumentar el tamaño se pre
senta un aumento de filas dentarias. Al nacer H. mexicanus mide alrededor de 
140 mm de longitud total. en tanto que H. f rancisci mide de 150 a 160 mm de 
longitud total. Aparentemente, la longitud máxima de H. mcxicanus es de 700 
mm, en tanto que en H. francisci es de 889 mm. Los huevos de H. francisci son 
mayores que los de H. mexicanus. La madurez sexual es alcanzada por H. {ran
cisci a los 600 mm o más y en H. mexicanus a los 550 mm o menos. En los ejem
plares juveniles de H. mexioanus la primera aleta dorsal es más alta y las pecto
rales más grandes que en individuos de la misma edad de H. {rancisci. 

DIAGNOSIS. Crestas supraorbitales bajas; área interorbital muy ligeramente 
cóncava: hocico algo aguzado: dentículos dérmicos grandes; muy numerosas man
chas negras y grandes aproximadamente circulares en la superficie dorsal del cuer
po; una barra blanquecina en el área interorbital: huevos con crestas espiraladas 
y prolongaciones filiformes en su ápice. 
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F1G, 1. Holotype of HeterodQr¡tu~ mexic¡:mus, SIO 70-90; 610 mm TL. 

Fm. 2. Dorsal view of head of holotype showing the relatively pointed sonut and white bar 
' - - \;onnecting the posteri9r ends 9f the supraorbital ridges, 
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F1G. 4. Regressinn lines of H. francisci (dots) and H. mexicanus (triangles): distance 
between D 2 origin and anal origin against distance between snout tip and D1 • Note signi 
ficant difference between slopes. 
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F1G, 5. Egg-case of H. mexicanus, SIO 65-257, from Bahía La Paz, México; about 83 mm 
in length ( tendrils broken). 

F1G. 6. Egg-case of H. francisci, SIO 50-257, from Laguna San Ignacio, México; about 
104 mm in Iength. 
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PIG. 7. Scatter diagram for H. lrancisci: total length against total number of tooth rows. 
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FIG. 8. Scatter diagram fo!' H. mex;icanus: total length against total number of tooth rows. 
Correlation coefficient = 0.66. 
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F1G. 9. Scatter diagram for males of H. francisci (dots) and H. mexicanus (triangles): 
total length against clasper length. Sexual maturity is assumed to occur at the disjunction. 
Note saaller size at sexual maturity in H. mexicanus. 




