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G E O G R A P H I C A L  V A R I A T I O N  I N  M O R P H O L O G Y  

AND B I O L O G Y  O F  B O T T L E N O S E  D O L P H I N S  ( T U R S I O P S )  

IN  T H E  E A S T E R N  N O R T H  P A C I F I C  

I N T R O D U C T I O N  

Our understanding of systematics of the genus Tursiops is presently 

in a confused state. Since the original generic description, twenty species 

have been described (Hershkovitz, 1966) .  To  further add to this problem, 

numAerous subspecies have also appeared in the l i terature,  most having been 

proposed after examination of a meager amount of material. Tomilin (1957)  

expressed the opinion that Tursiops is represented by a single cosmopolitan 

species with an a s  yet undetermined number of geographic races.  Ross 

(1977)  proposed that the best approach to dealing with the present controversy 

regarding existing Tursiops species is through "more detailed regional stud- 

ies of the limits of variation within populations. " This author considers the 

latter to be the best approach in research investigations on this subject, and 

c thus the rationale for confining this study to the eastern north Pacific. 

To date, two species of bottlenose dolphin have been described from 

the eastern north Pacific: Tursiops gillii (Dall) 1873, type locality Monterey, 

California; and Tursiops nuuanu (Andrews) 1911,  type locality 120N; 120w. 

Though examination of additional material  presented in this study indicates 

these two nominal species to be at  least  modally distinct, this author considers 
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it premature and beyond the scope of this report to attempt to definitively 

a s ses s  the validity of these species or to assign specific or subspecific names 

to other populations o r  forms of Tursiops which appear from the data to exist 

in the study area.  

F rom the data presented here, at  least  three forms of Tursiops exist 

in the eastern north Pacific. Fo r  purposes of this report, these forms wi l l  

be referred to as follows: 

1) southern California and Mexico coastal form; corresponds 

to Tursiops gillii (Dall) 

2 )  northern temperate offshore form; closely related to E T P  

offshore form 

3 )  eastern tropical Pacific offshore form; corresponds to 

Tursiops nuuanu (Andrews) 

T H E  S A M P L E  

Sources of various data and specimens examined a r e  described la ter  

in the text. In general, samples were obtained as follows: 

1) Southern California and Mexico coastal: Most specimens were 

obtained a s  beach pick-ups. 

of individual beach strandings; however, there is evidence that in 

some areas ,  particularly the upper Gulf of California, Mexico 

and San Diego, California, some of the animals recovered w e r e  

the result  of incidental catches of local gillnet fisheries (Table VII). 

Almost all  of these w e r e  the result 



- 3 -  

2 )  Northern temperate offshore: With one exception, almost a l l  speci- 

mens examined were collected by a local public display fishery 

(Marineland of the Pacific, Los Angeles, California). These dol- 

phins were all taken in the vicinity of Catalina, Santa Barbara,  and 

San Clemente Islands. Depending on display requirements, these 

animals were selected for size (Walker, 1975). Generally, selection 

w a s  for late juvenile to early sexually mature age groups; however, 

on two occasions, selection for animals of large size w a s  conducted. 

One specimen was collected at sea off Guadalupe Island, Mexico 

(Table VIII). 

3) Eastern tropical Pacific offshore: Most were obtained through 

Southwest Fisher ies  Center tuna/porpoise program a s  incidental 

fishery mortality occurring during commercial yellowfin tuna 

purse-seine fishery activities in the offshore waters of the eastern 

tropical Pacific. 

and a small  number were collected as beach pick-ups on islands 

in the lower Gulf of California (Table E). 

Three were collected during research cruises ,  

.- 
H I S T O R I C A L  B A C K G R O U N D  

* 

The type specimen of Tursiops nuuanu (AMNH 35045) was collected 

December 1906 at  approximately 120N; 1 2 0 w  by J .T .  Nichols. Nichols 

(1908) had the following comments regarding the specimen: "This animal 

is quite different from Tursiops gillii, and probably different from -- T. trun- - 
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catus of our Atlantic coast, though the material  is not sufficient to warrant 

1 1  separating it positively from that species. 

On the basis  of examination of two s imilar  skulls collected fron! 

Santa Catalina Island, Gulf of California, Mexico, and the specimen collected 

by Nichols in 1906, Andrews (1911) erected a new species: Tursiops nuuanu. 

The cranial characters  were summarized a s  follows: 

"Skull. - Temporal fossae much smaller  than in T. truncatus. 
Orbits not so curved, due to a shortening of the posterior,  
downward-projecting spurs  of the orbital processes of the 
frontals. The maxillary and frontal orbital processes,  and 
the plates of the maxillae just postero-external to the max- 
i l lary notches, a r e  much thinner than in T. truncatus o r  
- T. gillii. 
and thinner, the vomer visible between the backward prongs 
of the two pterygoids is wider, and the beak is flatter distal- 
ly  than in T. truncatus. 

The malar  along i ts  outer f reeTorder  is longer 

I I  - 
Tursiops gillii was described from a single mandible (USNM 13022) 

from Monterey, California (Dall, 1873). On the basis of the type specimen 

and examination of two additional skulls attributed to this species, True 

(1889) considered T. gillii to be a valid species and placed particular empha- - 
sis on the comparative size of the mandibular condyles. 

In this mandible the greatest  diameter of the condyle i s  
contained twice only in the greatest depth of the ramus. 
In all the mandibles of T. tursio, on the contrary, the 
greatest  diameter of the condyle is contained two and a 
half times in the greatest depth of the ramus. 

I 1  

-- 
I I  

-- 

a 

In his subsequent review of the genus, True (1914)  considered both 

Tursiops nuuanu and T. gillii to be valid species. He summarized the key - 
characters  separating the two species a s  follows: 
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I I  Tursiops nuuanu: 
of the maxillae, over the orbits,  a r e  not thickened a s  they 
a r e  to a greater o r  less  degree in all other soecies of - Tur-  
siops. These plates a r e  unusually broad proximally, and 
the posterior border is nearly straight. The orbits a r e  flat 
above. The posterior end of the vomer, where it appears 
between the pterygoids, is  broad and triangular in outline. 
The mandibular condyles a r e  small. 

The free margins of the orbital plates 

1 1  

1 1  Tursiops gillii: This is a robust species, with very thick 
cranial bones, strong teeth, and heavy mandible. While 
the skull closely resembles that of T.  truncatus in many 
particulars,  it is distinguishable byThe large mandibular 
condyles, whose greatest length is  fully one-half the height 
of the mandible at  the coronoid process, and the peculiar 
shape of the portion of the parietal bones forming the lower 
part  of the wall of the temporal fossae. Instead of occupying 
the whole of the middle portion of the wall, as in T. truncatus, 
these bones a r e  greatly narrowed below, owing to; large 
backward extension of the frontals, and the large s i z e  of the 
squamosal. I 1  

Van Gelder (1960)  placed particular emphasis on tooth diameter as 

a means of seoarating T .  nuuanu from T. gillii and presented tooth measure- - - 
ments of one specimen of T .  gillii ( 9 . 0 - 1 1 . 3  mm) and from four specimens - 
of T.  nuuanu ( 6 . 7 - 7 . 9  mm). 

_. 

C R A N I A L  C H A R A C T E R S  P R E S E N T E D  I N  T H I S  S T U D Y  

Methods: 

Cranial measurements utilized in this study were based on a stand- 

ardized form presented in Pe r r in  (1975)  with one addition. (See Tables I, 

11, and 111. ) Since morphometric characters a r e  influenced by changes in 

proportional growth in juveniles, only measurements from those skulls 

indicating distal fusion of the maxillary and premaxillary bones of the 



- 6 -  

rostrum (cr i ter ia  of Perrin et al, 1979)  w e r e  included in this study. Tooth- 

width measurements w e r e  taken from the middle of the tooth row of the 

left mandible, two mm below the gum line to preclude influence of wear. 

Results : 

The skulls examined and measured during this study indicate that 

many of the historically utilized cranial characters related to s ize  of 

temporal fossa, antorbital process, and shape of the vomer and supra- 

orbital bones (maxillary and frontals) are too variable for taxonomic use 

in the study area. 

best comparative cr i ter ia  for distinguishing the inshore o r  coastal popula- 

tion from both the E T P  offshore and northern temperate offshore. 

Figure 1. ) 

F r o m  the existing data, tooth width appears to be the 

(See 

Other skull parameters a r e  also useful but less  defined in that they 

demonstrate more subtle, modal differences. The evidence indicates some 

degree of isolation of populations of Tursiops in the study area ,  particular- 

ly between the coastal and two offshore populations. These a r e  a s  follows: 

1) Relative s ize  of mandibular condyles: A s  is  indicated in a 

scatter-plot (Figure 2 )  good separation between the coastal 

and ETP offshore populations is clearly demonstrated. 

northern temperate offshore population, though apparently 

more closely related to the E T P  offshore, demonstrates 

some degree of overlap in the lower end of the range of the 

The 

coastal population. 
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L 

2 )  Comparative shape of rostrum: In general the rostra  in both 

offshore forms tapers more acutely and is narrower distally 

than in the coastal. 

lar ly  evident in the E T P  offshore form. 

(See Figure 3. ) This character is particu- 

F r o m  the cranial measurements, c lear  differences between the 

The two offshore forms a r e  coastal and two offshore forms is evident. 

apparently closely related; however, there  is evidence from cranial 

measurements that the northern temperate offshore form may reach 

a t  sexual maturity a larger s ize  than the E T P  offshore form. 

condylobasal length of skulls exhibiting distal fusion of maxillary and 

premaxillary bones differ between the two populations (ETP offshore 

448-492 mm, 473 .4  mean; northern temperate offshore 476-570 mm, 

507.2 mean). Though the sample size for  the northern temperate offshore 

population is small  and potentially influenced by fishery selection, repro- 

Ranges in 

ductive data also support these findings. (See section on Reproduction. ) 

E X T E R N A L  M O R P H O M E T R I C S  

Evaluation of external measurements has been hampered by lack 

of standardization $and technique utilized by prior researchers .  

is compounded by the small  sample size in the study area.  

The problem 

To date, prelim- 

inary analysis has demonstrated no reliable cr i ter ia  for distinguishing any 

of the three populations. 
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A G E  D E T E R M I N A T I O N  

Analysis of teeth from specimens of known length is planned for 

the future. At present, techniques for preparation and reading of tooth 

layers  in Tursioos a r e  st i l l  under development at  SWFC (A,. Myrick, 

personal communication). Attempts at  this time to analyze tooth readings 

would be premature. 

C O L O R A T I O N  

Van Gelder (1960)  suggested that Tursiops gillii  and - T. nuuanu may 

be indistinguishable in the field. 

prove to be the case. 

photographs lead me to believe that the ranges in coloration in Tursiops 

from the study a r e a  w i l l  prove too variable to use  a s  a tool for field identifi- 

cation. 

From my experience, this wi l l  probably 

My observations at sea and examination of numerous 

Bottlenose dolphins a r e  not vividly marked, but exhibit a very 

generalized color pattern consisting primarily of the simple cape and cape 

overlay components (terminology of Per r in ,  1972) .  Per r in  (1972)  advanced 

the hypothesis that geographic variation in Tursiops coloration relates p r i -  

marily to the extent of the dorsal overlay. 

a wide variation in intensity of the dorsal overlay exists in single herds ob- 

served both in the E T P  and temperate offshore southern California waters. 

These herds were generally very small: 8 - 1 2  animals. 

overlay was intense with the components of the cape system almost obscured. 

F rom my observation to date, 

In some, the cape 

-. 

1 

-. 

a 
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A s  a result ,  the dorsal  aspect of these animals appeared almost black. 

In others,  the more common lead gray cape overlay with clearly defined 

caDe system was evident. 

R E P R O D U C T I O N  

Reproductive data on the three eastern north Pacific Tursiops popula- 

tions a r e  presented in Appendix 1. The results a r e  summarized a s  follows: 

1) Northern Temperate Offshore Population 

Reproductive data on five males and eight females were 

The smallest available a s  samples and f rom the literature. 

reDroductively mature male was 263. 0 cm in length. 

smallest  female known to be reproductively mature was 276. 0 cm. 

The 

2 )  Southern California and Mexico Coastal Population 

Gonad samples and data f rom five males and four females 

were available. 

cm in length; the largest  immature male was 269.  9 cm. 

sexually mature females were represented in th i s  sample. 

The largest  immature female was 255.2 cm in length. 

The smallest  sexually mature male was 296.  6 

No 

3 )  Offshore Eastern Tropical Pacific Population 

Gonad samples and data from twelve males and nine females 

were available for examination. 

male from this sample was 244. 0 cm in length. 

immature male was 236. 0 cm. For  females, the smallest  

s ize  encountered at sexual maturity was 243.0  cm. 

The smallest sexually mature 

The largest  

The largest  
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immature female was 242.0 cm. 

Though the sample s ize  of Tursiops specimens accompanied with 

reproductive data is small, indications a r e  that the two offshore forms 

from the E T P  and southern California temperate waters may represent 

separate stocks. It appears from the reproductive data that animals in the 

northern temperate offshore population may reach reproductive maturity at  

a much la rger  size, both males and females, than is evidenced in the E T P  

offshore population. 

F O O D  H A B I T S  

Methods: 

Stomach contents from nine coastal and seventeen E T P  offshore 

Tursiops were available for study. 

ate offshore population were available. 

No samples from the northern temper- 

A l l  samples from the coastal 

population were from the southern California region (San Diego and Orange 

Counties). 

Volumetric data a r e  presented only for the E T P  offshore samples. 

The sample from the southern California coastal stock was obtained from 

individual beach strandings (of presumably ill animals); few fleshy remains - 

were present. 

Numbers fo r  individual prey species presented (Tables IV and V) 

represent the minimum number of individuals that could be represented by 

the remains (otoliths, cephalopod beaks, crab claws, etc. ). 
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Results : 

A s  would be expected, marked differences in feeding habits a r e  

indicated for the E T P  offshore and coastal populations. 

Data presented for the coastal stock (Table IV) a r e  s imilar  to those 

from Nor r i s  and Prescott  (1961) for one animal from San Diego Bay, Calif- 

ornia. 

southern California a r e  fishes and invertebrates inhabiting littoral and sub- 

littoral zones. Most of the species encountered a r e  year-round inhabitants 

It is evident that the pr imary prey species of coastal Tursiops of 

of the near-shore environment and not known to undergo pronounced seasonal 

changes in distribution. This is particularly evident in the occurrence of 

the fish families, Sciaenidae (croakers) and Embiotocidae (perches) which 

make up 62 percent of the species ingested. 

Data indicate the preferred prey species of the E T P  offshore popu- 

lation to be epipelagic fish (86. 7 percent by volume) and cephalopods (13.3 

percent by volume). Otoliths of mesopelagic fishes representing four 

families a r e  represented in t race amounts (Table V). Pe r r in  et a1 (1973) 

suggested the possibility that remains of small  fish and cephalopods may 

be introduced into stomach samples secondarily a s  prey of larger  prey 

ingested. E ~ i d e n c e  substantiating this opinion w a s  present in these samples. 

In one stomach sample, one intact frigate mackerel, Auxis thazard, and 

one squid, Dosidicus gigas, were available for dissection. Stomach contents 

of these specimens revealed otoliths from two species of mesopelagic fish. 

The frigate mackerel contained fifteen otoliths from Scopelogadus sp. (Melam- 
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phaidae). 

(Myctophidae). In this author's opinion, most, i f  not all,  mesopelagic fish 

remains evident in the E T P  offshore samples were introduced secondaA-ily. 

The squid contained five otoliths from Myctophum aurolaternatum 

P A R A S I T I S M  

A systematic examination of intact carcasses  for evidence of para- 

si t ism was conducted on five E T P  offshore, seven northern temperate off- 

shore, and nine coastal Tursiops. A l l  coastal animals examined were recov- 

ered f rom the southern California a rea  (San Diego and Orange Counties). 

With the exception of the air-sinus nematode, Crassicauda sp. ,  a l l  para- 

s i tes  included in this report were encountered in the viscera. The incidence 

of Crassicauda sp. was based entirely on examination of prepared skulls 

for evidence of typical bone lesions, as described for Stenella attenuata in 

the eastern tropical Pacific (Dailey and Per r in ,  1973). 

The use of parasites a s  natural biological tags in stock identification 

and migration patterns has been successful in fishes (Arthur and Arai,  1978). 

Comparison of the incidence of five common marine mammal parasites re -  

covered in this study clearly demonstrates stock differences between the 

coastal and offshore populations (Table VI). Though natural immunity to 

parasitic organisms cannot be discounted, the reason for these differences 

in parasite load a r e  more likely to be related to  differences in food habits. 
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D I S T R I B U T I O N  

With the exception of the northern range the general pattern of distri- 

* 

bution of Tursiops in the eastern tropical Pacific demonstrates considerable 

similari ty to that described by Pe r r in  (1975b) for Stenella attenuata. 

Differences in cranial characterist ics evident for coastal and offshore Stenella 

attenuata a r e  also paralleled in the coastal and offshore Tursiops; the cranial 

characters  distinguishing the two forms a r e  primarily those features, related 

to feeding, particularly the relative tooth size. 

A summary of National Marine Fisher ies  Service (SWFC) ship and 

aer ia l  survey data is presented for the years 1972-1979 (Figure 4) .  

ground information on both shipboard and aer ia l  surveys conducted in the 

study a rea  south of San Diego is summarized in Leatherwood et a1 (1979).  

A detailed account of the ranges of the three forms based on examined speci- 

Back- 

mens is a s  follows: 

1) Southern California and Mexico Coastal (Table VII, Figure 5 ) :  

The present day range is from the northern border of Orange 

County, California (approximate lat. 33O45'N) south along the Pacific 

coast to Baja California, Mexico and throughout the Gulf of California. 

On tile mainland side of Mexico specimens identified as coastal have 

been examined from a s  fa r  south a s  San Blas, Nayarit (approximate 

lat. 21'30'N). 

along the coast of Central America; however, to date, no specimens 

collected from the coastal a r ea  south of latitude 21°30'N have been 

The coastal form probably extends much further south 
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lo cat ed for examination. 

Specimens collected during the late 1800's indicate the coastal 

fo rm ranged further north than it does today. 

Tursiops gilli Dall (coastal form) was collected in Monterey Bay, 

California (approximate lat. 37'N) by C. M. Scammon in 1871 (Dall, 

1873; Scammon, 1874). Another specimen reportedly from the same 

locality (True,  1889) is retained a t  the Museum National D'Histoire 

Naturelle, Par i s ,  France.  The date of collection for this skull is 

unknown. 

ineau, personal communication). O r r  (1963) reported on a partial 

cranium dredged from San Francisco Bay (approximate lat. 37'40"). 

This cranium (CAS 12738) was estimated to have been in the water 

50-100 years .  

The type specimen of 

The specimen w a s  received at  the Museum in 1879 (D. Rob- 

The condition of this San Francisco Bay cranium 

precludes the use of meris t ic  analysis to determine positive stock 

identification; however, the robust nature of the intact bony elements, 

particularly the premaxillaries, indicates to me that this cranium 

is probably of the coastal form. These three specimens (two coastal, 

one probably coastal) from the same approximate time frame and 

location indicate a more northern distribution on the California coast 

at one time. 

waters  were inhabited by a number of tropical animals (Hubbs, 1948). 

During the 1850's the nearshore central  California 

Leatherwood et a1 (1979) document the common occurrence of Grampus 

griseus in the Monterey Bay area  during the 1870-1880 period, a locality 

where this species is now uncommon. 
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2)  Northern Temperate Offshore (Table VIII, Figure 5): 

Extensive ship and aer ia l  surveys have been conducted off 

the southern California borderland and southern and central  California 

(Leatherwood et al, 1979). Data reveal no sightings of Tursiops north 

of Point Conception (approximate lat. 34O30'N). During the Naval Ocean 

Systems Center 's  aer ia l  and ship surveys conducted during the 1968- 

1975 period the northernmost Tursiops sighting occurred just off the 

northwest end of Santa Rosa Island (approximate lat. 34'10") 

(S. Leatherwood, personal communication). 

a cranium identifiable a s  northern temperate offshore form was dredged 

from San Francisco Bay (approximate lat. 37O40'N). 

tion of the cranial remains, this specimen appears to be much more 

recent than the specimen published by O r r  (1963) and may represent 

a recent anomalous stranding; however, the possibility that this find 

represents a historically more northward range similar to that dis- 

Recently (July 1980) 

F rom the condi- 

cussed for the coastal population cannot be ruled out. 

Due to  the nature of the sample the southern distributional 

range of the northern temperate offshore form is less  defined a s  only 

one specimen taken south of latitude 33'N is available for examination. 

The southernmost specimen collected from the northern temperate 

offshore population was taken off Guadalupe Island, Mexico (approxi- 

mate lat. 29'N). 
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3) Eastern Tropical Pacific Offshore (Table E, Figure 6): 

Distributional data collected from specimens reveal that this 

population occurs offshore off the west coast of Baja California, Mexico 

north to at least Magdalena Bay (approximate lat. 24'30") and into 

the lower Gulf of California a s  far north a s  Isla Santa Catalina (approx- 

imate lat. 25'40"). 

the eastern tropical Pacific offshore population extends south along 

the offshore waters of Central America, Columbia, and Ecuador, 

including the Galapagos Islands (approximate lat. 02 S).  Based on 

samples examined from the tuna fishery the eastern tropical Pacific 

offshore form extends to at  least  longitude 120%. No samples south 

of latitude 02's have been examined. 

._ 

b 

F r o m  specimens examined it is evident that 

0 

The number of sightings in the offshore waters south of the 

Galapagos Islands is considerable (Figure 4); however, based on well- 

known oceanographic features (Au et al, 1979)  and documented stock 

differences (Per r in  et al, 1979)  I consider even the tentative inclusion 

of the southern Tursiops sightings a s  part of the range of the eastern 

tropical Pacific offshore population to be premature. 
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C O N C L U S I O N  

... 

Data presented in this report  indicates that at least three populations 

of bottlenose dolphin exist in the eastern north Pacific. 

tion a r e  based on skull measurements, s ize  a t  sexual maturity, and differ- 

ences in parasite load. 

Criteria for separa- 

The main points a r e  summarized a s  follows: 

1) A clear separation of the coastal and offshore popula- 

tions is indicated by comparative tooth size. Other 

skull measurements demonstrate modal differences. 

2 )  Skull measurements indicate the eastern tropical Pacific 

and northern temperate offshore populations a r e  closely 

related. 

that the northern temperate offshore animals reach 

sexual maturity at  a la rger  s ize  than in the eastern 

tropical Pacific offshore population. 

Skull length and reproduction data indicate 

3) Differences in parasite load clearly separate the coastal 

from the two offshore populations. 

4 )  New information on feeding habits demonstrates marked 

differences between southern California coastal and 

eastern tropical Pacific offshore populations, 

introduction of mesopelagic fish remains is confirmed 

in the sample from the eastern tropical Pacific offshore 

population. 
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T A B L E  I 

Skull measurements (in mm) and meristics of the 
eastern tropical Pacific offshore form of Tursioos ”. * 

.- 

Standard 
Variable Samole Range Mean Deviation 

1. Condylobasal length 20 448-492 473.4 

2. Rostrum length 20 248-278 262.7 

3. Rostrum width at base 20 111-128 119.2 

4. Rostrum width at 60 mm 20 83-101 93.3 

5. Rostrum width at midlengh 20 

6. Premaxillary width ar rostrum midlengh 20 

7. Rostrum width at  314 length 

8. Rostrum tip to external nares 20 

9. Rostrum tip to internal nares 18 

20 

10. Preorbital aidth 

11. Postorbital wd th  

13. External nares width 

11. Zygomatic width 

15. Greatest width of premaxillaries 

16. Parietal width 

17. Braincase height 

18. Bramcase length 

19. Posttemporal fossa length 

20. Posttemporal :ossa width 

25. Oroit length 

26. Antorbital process length 

27. Internal nares width 

28. Pterygoid length 

32. Upper tooth row length 

65-82 74. a 

35-49 42.3 

48-61 54.8 

285-325 308.2 

289-354 318.6 

195-230 20 

20 214-257 

20 48-76 

20 216-256 

19 73-91 

212.7 

237.5 

54.3 

238.2 

84. I 

20 171-198 181.5 

18 129-151 139.2 

17 50-96 79.5 

20 96-118 103.8 

20 65-82 75. 6 

20 60-67 62.6 

20 42-61 54. a 

20 64-84 76. 6 

18 

20 

59-74 63.4 

210-243 226.2 

37. Lower tooth row length 

38. Ramus length 

39. Ramus height 

40. Tooth width 

120. Mandibular condyle width** 

20 

20 

20 

20 

19 

2’35-237 224.4 

387-420 403. 1 

80-91 83.9 

6.1-7.1 7.0 

30-39 34.3 

* Numbering system follows Perrin (1975a). Sample for measurements includes 
only those indicating distal fusion of the rnaxillaries and premaxillaries. 

** This measurement not included in Perrin (1975a). 



Skull measurements (in .mm) and rneristics of :he 
northern temuerate oiishore :orm 0 1  Tursioos SD. * 

Variable Samole Eanqe Mean 

1. Condylobasal length 12  476-570 507.2 

2. Rostrum length 12 251-297 274.8 

3. Rostrum width at base 12 117-145 128.1 

4. Rostrum width at 60 mm 12 94-118 101.7 

3 .  Rostrum width at midlength 12 73-89 78. 7 

5.  ?remzxillary width at rostrum midlength 1 2  37-49 44.7 

7 .  Rostrum width at  314 lengrh 12 50-63 56.3 

8. Rostrum tip to esternal nares 12 301-376 327. 7 

9. Rostrum tip to internal nares  11 302-383 332.3 

10. Preorbital width 12 216-272 230.2 

11. Postorbital width 11 240-292 253.4 

13. External nares width 12 .51-66 56.  8 

14. Zygomatic width 12 1 40 -3 04 156. a 

15. Greatest xidth of premaxillaries 12 86-107 '34.1 

16. ParieTai width 12 168-194 182.9 

17. Braincase height 11 132-172 1 5 6 . 2  

18. Braincase length 1: 68-98 82.7 

19. Posttemporal fossa length 12 107-130 117.7 

20. PostTemporal fossa width 1 2  73-91 31. 5 

2 5 .  Orbit length 12 60-73 63.3 

'76. ;SntorbitaL F o c e s s  length 12 50-71 55.0 

2 7 .  Internai nares width 12 77-95 84. 6 

28. Pterygoid length 12 63-86 7 6 .  7 

32. Upper tooth row length 11 218-273 240.5 

1 a2125  
22-23  13.7 3 3 . 6  
21 -24  2 1  24  22.5 2 2 . 4  

33-36. Teeth (no.) 

37. Lower tooth row length 

38. Ramus lengkh 

39. Ramus height 

40. Tooth width 

120. Mlandibular condyle width** 

1 1  215-264 231.5 

12 401 -494 467. a 

1 2  85-110 64.5 

11 6. 6 - 7 .  6 7 . 2  

12 31-45 36. 2 

* Numbering system follows Pe r rm (1975,). 
those mdicating distal fusion of the maxlllaries and premaxxillarias. 

This measdrement not included m Perr:n (1975a). 

Sample for measurements includes only 

** 



T A B L E  I11 

Skull measurements (in mm) and meristics of the coastal form 
of eastern Pacific bottlenose ctolpnm. Tursioos E. * 

. 

Standard 
Variable Samole Ranee Mean Devi at ion 

1. 

2 .  

3. 

4. 

3. 

6. 

7. 

a. 

9. 

10. 

11. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

2 5 .  

26. 

2 7 .  

28. 

32. 

33-36. 

37. 

38. 

39. 

40. 

120. 

Condylobasal length 

Rostrum length 

Rostrum width at base 

Rostrum width at 60 mm 

Rostrum width at rnidlengch 

Prernavillary xidt!! ar rosrrum midlecgth 

Rostrum width ar 314 length 

Rostrum tip ro e.xternai nares 

Rostrum tip to inrernal nares 

Preorbital width 

Postorbitai width 

External nares vidth 

Z ygomar ic :vidt!! 

Greatest width of premaxillaries 

Parietal width 

Braincase height 

Braincase length 

Posttemporal fossa !engh 

Posttemporal fossa widtb 

Orbit length 

AnrorSiral process len$h 

Internal nares width 

Pterygoid length 

Upper rooth row length 

497-5156 

266-309 

126-151 

97-125 

83-103 

42-58 

64-80 

323-373 

318-361 

220-262 

245-294 

58-88 

248-295 

92-108 

192-211 

150- 180 

55-99 

107-142 

69-96 

60-73 

47-64 

62-95 

62-81 

230-275 

520-9 

283.1 

136.6 

108. o 

9 2 . 2  

31.4 

7 2 . 3  

339.9 

335.3 

236.4 

2 6 6 . 2  

63. 6 

270. 3 

99. 5 

190.2 

163.2 

7 6 . 2  

123.4 

83.7 

68.4 

55. 6 

ao. a 
69. 7 

249. 5 

Lower tooth row length 22 229-272 245.9 

Ram& length 22 422-469 410.1 

Ramus height 22 92-107 100.5 

Tooth width 21 a.  9-11.3 9.3 

Mandibular condyle width** 22 38-55 47.  1 

* Numbering system follows Perrin (1975a.). Sample for measurements includes 
only those indicatiqg distal fusion of the maxillaries and premaxillaries. 

** This measurement not included in Perrin (1975a). 

1 5 . 2 9  

12.15 

5.96  

5.86 

5.39 

4.17 

4. ai 

13.67 

- 
10.13 

11.96 

5.50 

12.54 

3. 8 5  

6. a8 

6 .  7 5  

13.07 

9. 18 

7.27 

3.31 

4 . 2 5  

6.96 

- 
11.15 

w 
- 
- 
- 
- 
- 



T A B L E  I V  

S U M M A R Y  O F  S T O M A C H  C O N T E N T S  

O F  N I N E  S O U T H E R N  C A L I F O R N I A  

C O A S T A L  B O T T L E N O S E  D O L P H I N  

Number  O c c u r r e n c e  
70 of 70 

Food I tem No. total  No. (N=9) 
2 60 100.0 Tota l  

F I S H  
S ynodontidae 

Bat r a c  hoididae 
Synodus lucioceps 

Porichthys m y r i a s t e r  
Porichthys notatus 

Ophidiidae 
Otophidium tay lor i  

Atherinopsis  cal i forniensis  

P a r a l a b r a x  c la thra tus  
P a r a l a b r a x  si. 

T r a c h u r u s  s y m m e t r i c  hus 

Atherinidae 

Ser ran idae  

Carangidae 

Sciaenidae 
Seriphus politus 
Cynoscion nob i lus  
Umbrina roncador  
Ment ic i r rhus  undulatus 
Genyonemus lineatus 
Roncador s t  e3  rcs i 

E m  b iotoc idae 
Rhacochilus toso tes  
Embiotoca jacksoni  
Hyperprosopon argenteum 
Damalichthys vacca  
Phanerodon furcatus  
Unident. Embiotocids 

Chromis  punctipinnis 
Pomacent r idae  

Labridae 
Oxyjulis cal i fornica 

Bothidae 
Para l ich thys  cal i fornicus 

Pleuronect idae 
Pleuronichthys coenosus 
Pleuronichthys z. 

I N V E R T  E B RA T E S 
Arthropoda 

Cal l ianassidae 
Cal l ianassa  cal i forniensis  

C r a n c r i d a e  
Cancer  antennarius  

Mollusc a 
Pelecypoda 

Unident. Bivalve Siphons 
Cephalopoda 

Loliginidae 
Loligo opalescens 

Ommas t reph idae  
Dosidicus a s  

Octopodidae (Octopoda) 
Octopus bimaculatus  

228 

2 

10 
25 

3 

1 

6 
1 

2 

4 0  
1 
4 

1 3  
23  

6 

2 
1 

4 0  
3 

12 
1 6  

8 

1 

5 

2 
1 

3 2  

8 

2 

9 

5 

1 

I 

87. 7 

0.8 

3.9 
9. 6 

1.2 

0 . 4  

2 .3  
0.4 

0.8 

15.4 
0.4 
1. 5 
5.0 
8.8 
2.3 

0.8 
0.4 

15.4 
1.2 
4.6 
6.2 

3 . 1  

0.4 

1.9 

0.8 
0 . 4  

12.3 

3 .1  

0 . 8  

3.5 

1.9 

0.4 

2. I 

- 

9 

1 

2 
1 

2 

1 

1 
1 

1 

2 
1 
3 
3 
6 
3 

1 
1 
2 
1 
2 
4 

1 

1 

1 

1 
1 

9 

2 

2 

1 

4 

1 

2 

- 
100.0  

11.1 

22.2 
11.1 

22.2 

11.1 

11.1 
11.1 

11.1 

22.2 
11.1 
33,3 
33.3 
66. 7 
33.3  

11.1 
11.1 
22.2 
11.1 
22.2 
44 .4  

11.1 

11.1 

11.1 

11.1 
11.1 

100.0 

22.2 

22.2 

11.1 

44.4  

11.1 

22.2 



T A B L E  V 

S U M M A R Y  O F  S T O M - A C H  C O N T E N T S  

F R O M  S E V E X T E E N  B O T T L E N O S E  D O L P H I N  

T A K E N  I X  T H E  E A S T E R N  T R O P I C A L  P A C I F I C  

Volume Number  O c c u r r e n c e  
70 oi 70 of 70 

Food I tem m l  total  No. to ta l  No. ( N = 1 7 )  
Tota l  16, 907 1 0 0 . 0  9 1 1  100.0 - - .- 

14.652 8 6 . 7  3 2 4  35 .6  17 100.0 F I S H  
Bathylagidae 

S cope la r  chidae 

Myctophidae 

B a t h y l a p s  s z  

Unident. Scopelarch id  

1 0 . 1  1 5 . 9  t r .  - 
6 0. '7 tr. 7 11.3 

2 0.2 
1 0 . 1  
1 0 .1  
2 0.2 
3 0 .3  
1 0.1 
4 0 . 4  
3 0 . 3  
7 0.8 

1 5 .  9 
1 5 .  9 
1 5 .  9 
1 3. 9 
1 5.9 
1 5.9 
1 5.9 
1 5. 9 
2 11 .8  

tr. 
tr. - 
t r .  
t r .  -. 

t r .  - 
t r .  - 
t r .  - 
tr. - 
t r .  - 

Lampanyctus  parv icauda  
Lampanyctus  SA. 
Diogenichthys z. 
Benthosema ganamense  
LIycroDhum aurolarernatu.?z 
Myctophum s 2  
Symbolophorus z. 
Hygophum so. 
C'n ident . XI yc t o phids 

Vinciguerr ia  2. 
Gonostomatidae 

Exocoetidae 
1 0.1 1 5. 9 r r .  - 

I 1 

6 0.7 
3 0.3 
1 0 .1  

13  1.4 

2 11.8 
1 5 .  9 
2 11 .8  
3 17. 7 

Exocoetus s_e. 
OxworhamDhus  mic roo te rus  2 8 0  1. 7 
Cypse lu rus  b z  

Unident. Exocoetid 

B r e q m a c e r o s  z. 
Sconelogadus bisDinosus 

Cubic ens pauc ir adiatus  

linidexlt. Carangid  

C o r F h a e n a  z. 
Auxis thaza rd  

C E P H A L O P O D S  
Enoploteuthidae . 

O m m a s t r  phidae 

Bregmace ro t idae  

Melamphaidae 

S tomate idae  

Carangidae  

Coryphaenidae 

Scombr idae  

-- 

Abral iopsis  affinis 

I I 

t r .  1 0.1 1 3.9 

202 22.2 2 11.8 t r .  - 
tr. 4 0.4 2 11.8 

1 5 .  3 tr. > 0.3 

8 7  0. 5 3 0.3 1 5 .9  

1 4 , 2 8 5  84.5 5 7  6. 3 7 41.2 

2 .255 13 .3  587 64.4 1 7  100.0 

97 10 .7  8 47.1 

3 8 3  42.0 
2.158 12 .8  5 6  6.2 

11 1.2  

12  70.6 
5 29.4 
1 5.9 

Dosidicus w s  
Symplectoteuthis  oualaniensis  
Cnident. Ommas t reph id  

-- 

Thysannoteuthidae 

Histioteuthidae 

Octopoteuthidae 

Thvsaniioteuthis rhombus  

Histioteuthis 2. 
- 13 1.4 

t r .  - 3 0.3 

, 2 11.8 

2 11.8 

t r .  - 6 0.7  2 11.8 Octopoteuthis %. 
Chiroteuthidae 

t r .  - 1 0.1 

tr. 5 0.6 - 
1 5.9 Chiroteuthis  9. 

Cranchi idae  
Unident. Cranchi id  

Ocythoidae (Octapoda) 
Ocvthoe t u b e r c u h t a  
I 

3 17.7 

97  0. 6 12 1.3 5 29.4 
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