


































































































































































































































































































































































































































































































































































































































































































Lyaaea seX'r>ata Claus, 1879 

MetaZyaaea gtobosa 

Stephensen 1925: 183 

Lyaaea serrata 

REMARKS: 

Claus 1879: 39; 1887 :63 

Harbison I:. Madin 1976:167 

This species is quite distinctive: enough so that Stephensen 

306 

(1925) identified the female as a new species and genus in the family 

OXYCEPHALlDAE. It is rare, but widely distributed in the World Ocean, 

predominately from Tropical-Subtropical regions (Dick 1970:67). Most 

records are from eastern boundary currents (Shoemaker 1945 :243, Tranter 

1977:649) . 

Lycaea sel'rata was uncommon in the Gulf waters (30:84:45; ROA 

14), occurring in all of the CalCOFI cruises, breeding in the coolest 

months (Figs. 116, 117). There was a definite bias towards day stations 

(64% of the total) in strong upwelling conditions. The common hydro-

graphy of the positive stations reveals a strong species preference 

for Gulf and Transition B Surface Water no greater than 35.1%0. 

Since these waters ultimately derive from Subtropical Water, the appar-

ent salinity barrier may be important. In all but two cases, the 

northern limit of this species' invasion into the Gulf tracks closely 
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with the 10 Li1 isohaline of 35.0%0. In April, 1957, one female was 

collected in the far Northern Gulf; in August of the same year, two 

females were found in the middle of- the central Gulf. In the latter 

case, the individuals could have very likely come from lower depths 

where salinities would be lesser or mixed. I cannot explain the 

anomalous distribution of the former, unless archival error is consid­

ered. 
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Braehysc:elus Spence Bate, 1861 

Species Key to World Braahyseelus 

Ul protopoda subequal in length to rami .......•...•.••••••.•. 2 

Ul protopoda 2X as long as rami; P5 basis 3X long as wide ••••.. 

.......• . .• . Braohysoe lus lycaeoides 

2(1) P7 basis shorter than following segments •..........•...•...•. 3 

P7 basis longer than following segments ............•...•.••.. 4 

3(2) PI carpal projection equally wide as long, less than 1/6 X 

length of propus; dactyl less than half the length of propus .•. 

........•. . Brachyscelus atZantideus 

PI carpal projection longer than wide, greater than 1/3 X 

length of propus; dactyl greater than half the length of 

propus .••.•.••.....••.....••..•.•..••...•.. . Brachyscetus l"apa:r: 

4(2) Telsan wider than long .•.•••.••...........................•.• 5 

Telson longer than wide ..•.........•......•..........•..•..•. 6 . 

5(4) P7 basis 2X long as wide; P5 basis less than 1.5X long as wide; 

tel son concavely produced ..•.......• . BraC!hyscelu8 macrocephalus 

P7 basis 3X long as wide; P5 basis greater than 2X long as 

wide; telson terminally convex .....•....•. BrachysceZus bovaZli 
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'5(!") Telson terminally convex .•..•.•...•..•••.•..•..•..•••...•.•.• 7 

Telson terminally concave •..••.•••.• • BrachysceZus acuticaudata 

7(6) PI propus is less than ZX length of dactyl. •...•..•.....•...• 8 

PI propus is much longer than 2X length of dactyl .•...•.••••. 9 

8(7) UZ endopod is 2X length of protopoda, exopod equal in length to 

protopoda; P6 merus distally broadened . • BrachysceZus rapacoides 

UZ endopod is equal in length to protopod. exopod much longer 

than protopod; P6 merus normally tapered ••........•.•...•.•..• 

.•.••••.••••• • BrachysceZus cpuscuZwn 

9 (7) PI carpus less than 2X wide as long; propus about 2. SX length 

of dactyl; PS basis much less than 2X long as wide •.....•...•. 

......••... . . . BrachysceZus gZobiceps 

PI carpus greater than Z.SX wide as long; propus 3X length of 

dactyl; PS basis about 2X long as wide • •. BrachysceZus antipodes 



BraehyseeZus acutica:udatus Stebbing, 1888 

BrachyseeZus aeuticaudatus 

Stebbing 1888:1555, pI. 197c 

REMARKS: 

Until the genus Brachysce lUB is seriously worked on and re­

vised, it is not safe to lump species indiscriminately. This species 

has only been reported from the type locality-somewhere (!) in the 

Pacific Ocean. This species is very distinctive by the shape of the 

telson and distally narrowed P6. 

Only one female was collected from a deep tow in the south 

central Gulf (Fig. llSc). 
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Figure 118. The Gulf distributions of a) Lyaaea bajen8i8~ b) Lyaaea nasuta" 
and c) BrCwhyscelu8 acuticaudata. 



l31'achysceZus C!'Z'UBcuZ;UTlI Spence Bate, 1862 

Bzoachysce tus erusculwn 

Spence Bate 1862: 333 

Stebbing 1888: 1544 

REMABKS: 

314 

This species is widely distributed, and is known from Tropical-

Temperate regions, with a preference for Subtropical conditions (Dick 

1970:68). In the Central Pacific Gyre (Shulenberger 1977 :379), this 

species was the most numerous of the family. Thurston (1976: 433) 

fotnld this species distribution to be bimodal, with no evidence of 

vertical migration. Although there are numerous surface records, 

Stephensen (1925: 172) and Chevreux (1935: 196) reveal the existence of 

great subsurface densities. The pattern appears to be of juveniles at 

the surface, adults at midwater depths. Shoemaker (1925 :45) found 

numerous specimens from Cabo San Lucas to Babra Agua Verde in the Gulf 

of California. 

BrachysaeZus aI'USculwn was uncommon in the Gulf of Califom.ia 

(12:39:1; ROA 33), but occurred in all of the CalCOFI cruises (Figs. 

119, 120). Day and night catches were about evenly divided, with the 

preponderance of night stations during the warmest months. Hydrologi­

cal analysis of the positive stations indicates a strong similarity to 

Transition B Water with an abrupt cutoff at 35.2% 0. The pattern does 



not change with seasons. The extension of this species into the Gulf 

seems determined by the position of the 35.1% 0 isohaline at 10 m. 

for they trac.k well together throughout the seasons. The lowest 

oxygen concentrations observed indicate only a moderate tolerance to 

the oxygen minimum depth. 
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Figure 119. The Gulf distributions of BraahysceLu8 aruscuZwn for 1956 and 
1957. 
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Brachyseelus gZobieeps Claus. 1879 

Broehyseelus Zatipes 

Stebbing 1888:1550 

Braehyseelus globieeps 

Claus 1879: 36; 1887: S9 

Barnard 1931:130; 1932:293; 1937:190 

REMARKS: 

318 

This uncommon species is widely distributed throughout the 

World Ocean, occurring in the Indian Ocean, South Pacific (Stephensen 

1925: 276). and the central and South Atlantic (Shoemaker 1945: 242. 

1948:13; Reid 1955:26). It would appear that Subtropical-Warm Temper­

ate conditions are preferred. with many records from mid-water depths. 

Braehyseelus globieeps was common in the Gulf (12:100:1; ROA 

20) J occurring in all but one of the CalCOFI cruises (Figs. 121, 122). 

Sl~&ht:i..y more night stations were preferred over day stations (65%) by 

this species ~ but there did not appear to be any seasonal change in 

the proportion. Hydrographical analysis of the positive stations 

revealed strong similarities to Transition B and Subtropical Water. 

There was an apparent lower limit of 34.6<:>/<:>0 and an upper limit of 

35.3 <:> / <:><:> to salinities recorded at positive stations. The seasonal 

invasion of the Gulf by this species seemed strongly determined by 

the position of the 35.2<:> 10<:> isohaline at 10 m, and the depth of the 

oxygen minimum. Oxygen minimum depths less than 100 m were avoided. 
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Figure 122. The Gulf distributions of Braahysae'Lus globiaeps for a). b) 
1957 CalCOFI cruises 7 and c) non-CalCOFI cruises. 



Braahyscelu8 rapaaoides Stephensen. 1925 

Braehysce lUB rapacoides 

Stephensen 1925: 179 

Pirlot 1930: 76; 1939 :47 

REMARKS: 

321 

This species is very rare, but widely distributed throughout 

Tropical-Subtropical regions (Dick 1970 :69). As with all of the species 

in this vexing genus. much caution has to be placed on the natural 

history information given in the literature, for the identifications 

are often tentative. Brusca (1973:19) recorded two specimens from 

mid-water tows near the Hawaiian Islands. 

Brachysce lus rapacoides was unCOIIltnOU in the Gulf of California 

(19: 25: 1; ROA 83!:!), occurring in all but one of the CalCOFI cruises 

(Figs. 123, 124). Day and night stations were evenly divided, with 

night stations achieving much greater captures in the warmer months 

(e. g. 0% in February, April; 70% in August). Hydrological analysis of 

the positive stations shows the range of temperatures and salinities 

to fall within the limits expected for Transition B and Gulf Surface 

and Subsurface Water. The range of temperatures and salinities is 

qui te broad: there does not seem to be any relation to any other para­

meters such as oxygen and upwelling. Only one gravid female was found, 

collected from a deep tow. 
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Figure 124. The Gulf distributions of Bzoachysaelus rapcwoides for 1957 
and 1974. 



Pseudolyeaea Claus, 1879 

Pseudolyeaea pachypoda Claus. 1879 

Pseudolyeaea paehypoda 

REMARKS: 

Claus 1879:41; 1887:64 

Pirlot 1928:138; 1939:43 

324 

This rare. distinctive species is known exclusively from 

records in Tropical and Subtropical regions (Dick 1970:68). There does 

not seem to be any seasonality in its occurrence, or much information 

about its habitat preference, for it has been caught in surface tows 

and bathypelagic tows alike (Stephensen 1925: 169. Vinogradov 1962 :24). 

Shulenberger (1977:379) found 11' specimens (listed as ParaZyc:aea pachy­

poda) in the Central Pacific. Gyre. 

PseudoZycaea paehypoda was very rare in the Gulf waters 

(l:2:0; ROA 89~), occurring only in two CalCOFI tows (Fig. 132a,b). 



Thamneus Bovallius. 1887 

Thamneus pZatyrrhynehus Stebbing, 1888 

ThCDl11'leus rostratus 

Bovallius 1887 :31 

Euthamneus p Zatyrrhynehus 

Bovallius 1890: 19 

Euthamneus reeurvil'Ostris 

Chevreux 1900: 154 

Thamneus recurvil'Ostris 

Chevreux 1935:197 

Thamneus pZa-tyrrhynehus 

Stebbing 1888: 1558 

Barnard 1932 :293; 1937: 191 

REMARKS: 

325 

This species is relatively uncorrnnon. widely distributed 

throughout the Tropical and Subtropical regions of the World Ocean 

(Dick 1970 :69). especially in the Indopacific and Atlantic waters. 

Pacific records rarely include collection north of the Equator (Buly-

cheva 1955: 1048). 

Thamneus pZatyrrhynchus was relatively common in the Gulf 

waters (8:73:7; ROA 24), nf"('urring in epipelagic and mesopelagic 
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depths (Figs. 125, 126). Day stations far outnumbered night stations 

(87% day). and were found most often in the warmest months in upwelled 

water. Hydrological analysis of the positive stations shows a broad 

tolerance by this species for Subtropical and Equatorial Water. but 

with a sharp cutoff in salinities exceeding 35.2% 0. There was little 

correlation between isopleths of any parameter and the distribution of 

this species. Moderate numbers of Thamneus platyrrhynchus were found 

in a few midwater tows. 
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Figure 126. The Gulf distributions of Thamneus platyrrhynchus for 1957, 
1965. and 1974. 
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Family OXYCEPHALIDAE Spence Bate, 1861 

Genus Key to Gulf of california OXYCEPHALIDAE 

Double urosomite is greater than 3X long as wide .••••••.••••.. 2 

Double urosomite is less than 3X long as wide .....•.•..•.•.•.• 3 

2(1) P7 with all segments present •.•••.....•.••...••••••.• Leptocotis 

P7 reduced to basis with few segments •..••.....••..•. Rhahdosoma 

3(1) Rostrum rounded or absent .•.•.•.•....•......•...•••...••...••• 4 

Rostrum pointed •.....•.•.•...••.....•.••...•.•.••.•.••.••...•• 5 

4(3) Body compact; PI simple; P2 subchelate; P5 and P6 normally 

produced ••.....•..••.•••..•...•.....•.•••••..•... Simorhynchotus 

Body slender; PI and P2 chelate; PS and P6 paddle-like ........ . 

• • • • • • • • . • • • • • • • • . • • . • GZossocephaZus 

5(3) U2 and U3 endopoda not fused with protopoda ................. .. 6 

U2 and U3 endopoda fused with protopoda ..•....•.... . OxycephaZus 

6(5) Pereon segment 5 with posteriorally pointed process; P5 - P7 

with pit-like glands • ..••...•.•.... .••...•.•..•.. . CraJ1.ocephalus 

Pereon segment 5 without such processes; P5 - P7 without such 

glands •..................•......•..................... Stree tsia 
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OxycephaZus Milne-Edwards. 1830 

Species Key to Gulf of California OxycephaZus 

- Lateral edges of plean smoothly produced .•••.••.•.•••. , ...•. 

•••••.•••••...• . Oxycephalus piscator 

-- Lateral edges of plean produced into a sharp tooth .....••..• 

......•.•••. •••.. • OxycephaZus claU8i 
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Oxycephalus alausi Bovallius. 1887 

Oxycephalus cZausi 

Bovallius 1887 :35 

Fage 1960:20 (synonymies and distribution) 

REMARKS: 

This distinctive species is widely distributed in Tropical and 

Temperate regions with a preference for the upper waters at night 

(Dick 1970:71). Brusca (1967:357, 1973:22) found specimens at moderate 

depths, and from the surface, during dark hours. Shulenberger (1977: 

379) found only a few individuals in the Central Pacific Gyre. Fage 

(1960) identified numerous specimens in the Gulf of Panama; a great 

proportion of them were precocially mature: 

Ces femeZZes preooclffs 5e distinguent ~galemer.t de ceZZes dDnt 
la maturite est plus tardive par leur t@te plus globuZeuse .. 
rappel-ant .. en moins accentue .. ceUe de Za forme bulbosus de 
Z 'Oxycephalus piscator •.. 

(p. 21) 

These precocially mature forms generally occurred highest in the water 

colunm, even ascending to the surface: 

On voit~ de plus~ que les deux formes sont 11 peu pres agale­
ment bien representees dan Les 30 premiers mifltres~ alom 
plus profuncMment~ vers 150 m~ c'est Za forme typique 
domine. Nous n'avons pa8 trouvl§ de femeUes ovigeres Za 
forme pr4coce au-des8ous de 125 m ..• 

(p. 24) 

These forms occur most always above the thermocline and only IJhen the 

temperatures are above 24°C. conditions usually met with in Tropical 



regions. In fact, 

••• il faut ruppeZer que La forme pl'ecoee~ qui n'a ete ren­
eontl'ee que dans le Golfe de Pan.ama~ dan J,'Indo-Maw.isie 
et dans l 'Oeean Indien est beaucoup plus strietement 
equatoriaZe • •• 

(po 25) 
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In general, the development and presence of precocial forms is related 

to the situation for OxyaephaZus pisaato1' bulbosus discussed later. 

Oxycephalus elausi was commonly encountered in the Gulf waters 

(46:191:0; ROA 12), occurring in only the CalCOFI cruises (Figs. 127, 

128). Day and night stations were evenly preferred; males were caught 

only at dark, females throughout the day, The precocial form, 

Oxycephalus clausi bulbosus was found only in the warmest, most saline 

conditions (Fig. 129). Hydrological analysis revealed that its posi-

tive stations fell entirely within the limits of Equatorial Surface 

Water, even though some values were taken below 150 m. The normal 

form, Oxycephalus clausi typicus, had a broader hydrological preference 

in that it was found at stations resembling Subtropical Surface and 

Subsurface Water, usually at temperatures below about 26°C. 
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Figure 127. The Gulf distributions of OxycephaZus clausi typious for 
1956 and 1957. 
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OxycephaZus piscato'l' Milne-Edwards. 1830 

Oxyeephalus bulbosus 

Streets 1878 :280 

OxycephaZus piscator 

Milne-Edwards 1830: 396 

Fage 1960: 14 (synonymies and distributions) 

REMARKS: 

336 

OxycephaZus piscator is relatively unconnnon, yet widely distri­

buted in the Tropical and Subtropical regions of the to/arId Ocean (Fage 

1960). with a slight bias towards Tropical waters (Dick 1970 :72). 

Brusca (1973 :22) found evidence for migratory movement towards the 

surface at night. It seems to be a regular inhabitant of the Eastern 

Tropical Pacific, and the eastern boundary regions in general (Sudara 

1971 :564). In the South China Sea, Sudara found this species in salini­

ties ranging between 31.6%0 and 35.9%0 and temperatures between 

15.50 - 3D.lo C. Streets (1878) described a new species from the central 

Pacific, OxycephaZus buZbosus, closely allied to OxyoephaZus piscatoI', 

but distinguished from it by its small size and greatly dilated head. 

It was later placed as a synonym of the latter species. Fage (1960:18) 

was able to establish that this synonymized form was in fact the pre-

codal form of the nominal species. OxycephaZus piscat?I' buZbosv..s is 

morphologically distinct from the typical form in size and cephalic 



dilation; in addition, the double urosomite is of neotenic form: 

L'ensembZe des segments 2 et :5 as Z.'UP080me fait environ 
une fois et dBrrrie Za longusur du telson; celui-ai est 
proportioneZlement un peu plus aourt OOea tea femeUes 
de la forme bulbosus" chez Zesque"lZes Z 'eztrWrit~ de Za 
rame interne des upopodes 1 arrive au niveau dE Za pointe 
au telaGn ou z.a ilApasS6 Ug~rement ••• 

(p. 17) 

These precocially mature forms are restricted to the upper layers of 

the water column; whether by choice of warme.r temperatures or through 
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competition with the more numerous typical form, it is not possible to 

say. However, Fage believes that temperature is probably the ultimate 

force in determining the distribution of the precocial form.: 

... iZ n' est pas douteu:r: que "La forme bulbosus" de ~me que 
lea jeunes individus.J sant plus frequents dans lea oouehes 
superficieLZes ••• lea deu:c f01fTlBs de cstte esp~oo sont surtout 
et dgatement bien reprosentdes jusque vel'S 50 m pl'OfondeU!'. 
Au-deUJ.~ ta fo1'f77.e bulbosus se ra:refie~ tandis que ta fo1'lTl6 
typicus se maintient jusqu' a 100 m de p1'Ofondeur ••• De css 
constatations~ it se dAgage que les fo:mtes d'Oxycephalus 
piscator peuvent pl'Ospd!'e!' dans les eauz ahaudes de Oadans; 
mais que 'La fome bulbosus" cstte petite forme a matuzoiU 
pneoae" ne sembLe pas pouvoi!' se mainteni!' dans les eaux 
a plus faible tempd!'at'U1'e ••. 

(p. 19) 

Oxyaephalus piscatop was relatively unCOtmnon in the Gulf 

(1O:46:0). occurring in most of the CalCOFI cruises. The typical form 

was the rarest of the two forms (6:15:0; ROA 46). found primarily at 

the entrance and deeper waters of the Gulf (Fig. l30). Night stations 

were more common (73%) than day stations. and did not show much 

seasonal shift in proportion. Hydrological analysis of the positive 

stations showed strong similarities to Equatorial and Subtropical 

Water through a broad range of only moderate temperatures. 



Oxyaepha.lu8 piseato'I' typiaus never achieved much dominance in the 

Gulf and never penetrated far into the Gulf waters. 

Oxycephalus pisaatoI' bulbosus was more abundant than the 

nominate form, but was still uncommon in the Gulf waters (4:31:0; ROA 

40). This form. was more cormnon at day stations (66%) than at night ~ 

and was most numerous in the August, 1957 cruise, the warmest month 

(Fig. 131). This form was always northernmost of the two forms. and 

the only one to be found in the Northern Gulf. Hydrological analysis 

of the positive stations revealed that the precocial Oxycephalus 

pisaatol' bulbo8US preferred water exclusively similar to Subtropical 

Surface Water of higher temperatures. Comparison between the two 

338 

forms shows that typicus prefers water belOt·~ 35.0 %
0 and 22°C at 10 m; 

bu~bo8US selected water always in excess of 35.1 0 / 00 and above 24°C at 

10 m. 
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Figure 131. The Gulf distributions of O:r:ycephalus pisaatol' bulbo8U8. 



Calamorhynehus Streets, 1878 

Calamol'hynehus peUuaidus Streets, 1878 

CaZamorhynehus pel-lucri-duf.' 

Streets 1878 :285 

Fage 1960: 31 (synonymies and distribution) 

RENARKS: 

341 

This species is uncommon, but is widely distributed throughout 

the World Ocean (Dick 1970:69); the available information from the 

Ii terature suggests a wide tolerance for condi tions ranging from Equa­

torial to Cold-temperate (Fage 1960, Thurston 1976:438). CaZconorhynehus 

peUueidus occurs primarily in the 0 - 300 m layer, but the available 

data suggests it to be strictly epipelagic, occurring usually above 

the thermocline (Thurston 1976, Sudara 1971:483). It is rarely 

encountered in the open waters of the Pacific (Streets 1878. Brusca 

1973:22, Shulenberger 1977:379), much more commonly from the eastern 

boundary currents (Fage 1960. Brusca 1967 :387). 

Only one specimen of Calamorhynchus peUucidus was found in the 

Gulf of California. a female 12.5 rmn long with well-developed oostegites 

and what appeared to be the beginnings of an egg mass in the brood 

chamber (Fig. 132c). This specimen falls within the limits Fage reports 

as precocially mature. These precocial forms have been recorded from 

the Indo-Pacific, but not as far east as the Eastern Tropical Pacific. 
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c) CaZamol'hynchu,s peUuaidus. 
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CranoaephaZ-us Bovallius. 1890 

Cranoaephalus scleroticus (Streets. 1878) 

Cranocephalus seteroti(YU8 

Fage 1960:72 (synonymies and distributions) 

REMARKS: 

This species is relatively uncommon, but is widely distributed 

in the Tropical and Subtropical regions of the World Ocean (Dick 1970: 

70). but the centers of abundance are purely Tropical (Fage 1960 :82). 

Sanger (1973:23) found a few specimens in Alaskan and British Columbian 

waters, establishing a considerable range extension. There is strong 

evidence for the existence of precocial sexual maturity in cephalic 

dilation, overall size, and the shape of the urosome. Although these 

precocial forms seem restricted to the Indo-Pacific, Fage finds them 

also to be common in the Eastern Tropical Pacific (Gulf of Panama). 

Favorable conditions are generally 10 m temperatures above 2SoC, but 

more importantly, salinities above 35.00 /00 at the 150 m hOrizon, 

conditions well met in the Gulf. 

Clest done seulement dans l'W.-Indien qu'a 150 m de profondur 
se tl'Ouve la salinite superieure a 35.00/00 qui constitue un 
miZeu favorahle pour (Jette esp~ee. C'est UZ;, sans doute" un 
des facteurs qui permet au Cranocephalus de p€1n€1trer et de se 
reproduire plus profun&ment dans l 'w. -Indien que dans les 
parties ad,iacentes de eet Oc€1an. De tous ces fait et de ceux 
rappel~s plus haut" on arrive i':l conclure que la salinit€1 joue 
un rule important dans la biologie et la r.epaJ"tition vertieale 
de cette espece .•. (p. 79) 



344 

Cranoc:ephalus sc:le'Z'otiau8 was very rare in the Gulf waters 

(0:1:1; ROA 89!:i). and was found only in the turbulent island channels 

(Fig. 133a). Both females were small (6.8~ 7.0 mm); the larger of the 

two was ovigerous and precocially mature. Some hydrography is avail­

able from the positive stations: both were in daylight hours and 

identical with conditions expected for Tropical Water. 



GwssocephaZus Bovallius J 1887 

GlossoaephaZus milneedbJardsi Bovallius, 1887 

GZos8ocephaZus milneedi.uardsi 

Shoemaker 1945 :253 

Fage 1960:83 (synonymies and distribution) 

REMARKS: 

This species is known mainly from the Tropical areas of the 

oceans, but is most numerous in the Indian Ocean (Dick 1970:70), 

showing a distinct bias towards Tropical regions (Fage 1960). Hydro-
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logical analysis of the positive stations in the Indian Oceans reveals 

that a 200 m the salinities are between 35.0%0 and 35.5%0; tempera­

tures are always above 19°C. !lees caracMristiques hydrologiques sont 

peut-@.tre de nature b: expliquer la raret~ relative de (Jette espece •.. " 

(Fage 1960:86). Shulenberger (1977:379) found 14 specimens, the sexes 

evenly divided, in the Central Pacific Gyre (N.B., the listing is given 

as Glossocephalus milne-edLJardsi" Bovallitis, 1879, an invalid designa-

tion). It apparently has been collected from the California current 

(Brusca 1981:12), but no supporting data is given. 

Glossoaephalus milneedzJardsi is rare in the Gulf waters (4:5:0; 

ROA 66), but was present in the upper waters of many of the CalCOFI 

cruises (Fig. 133b-d). Only a few stations were from night hours (29%) 
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and hydrologically ~ they were all similar to Subtropical Surface and 

Subsurface Waters. All specimens, except the female from February, 

1956 at the Gulf entrance, were small and sexually mature, and fell 

within the limits that Fage (1960 :85) gives for neotenous development. 
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Figure 133. The Gulf distributions of a) Cr>o:noaephaZus sale'l'oti(!us~ and 
b) - d) Glo8soaephalus milneedwardsi. 



Leptoeotis Streets, 1877 

Leptoootis tenui1'Ostris (Claus, 1871) 

Leptoeotis 8pinifera 

Streets 1878: 137 

Shulenberger 1977 :379 

Leptoaotis tenui1'Ostns 

Fage 1960:37 (synonymies and distribution) 

REMARKS: 

This species is very widely distributed throughout the Tropi-
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cal regions of the World Ocean (Dick 1970 :70), hut specimens are often 

collected from even boreal waters of the North Pacific (Bulycheva 1955: 

1048, Yoo 1971 :66). there appears to be a limiting relation with 

temperature and salinity, reflecting its tropical affinities: 

Malgrd La laxoge toZ~rance du Leptocotis tenuirostris aux 
vaztiations de saZinitd 8t de temp~ratuPe3 on doit admettre 
que des tempdratures infdPieUPe8 Cl: 18. {J environ ef; dEs 
saZinitds voisines de 3;;;/00 au supdrieures ca:Paatensent 
un milieu dA favoZ'!Jh'le a: Bon dtabZissement en permanenc:e3 
8t aontribuent ainsi a limiter sa ~partition g~ogMphique 
en surface .•. 

(Fage 1960:41) 

In this regard. Sudara (1971 :475) found it to be a common offshore 

species of the deeper portions of the South China Sea. occurring in 

waters ranging in salinities of 31.7%0 - 35.9%0 and temperatures 

of 20° - 30°C. 



Leptocor;is tenuil'ostris was very rare in the Gulf waters 

(0:2:0; ROA 98~), occurring only in August. 1957 (Fig. 134a). The 

positive stations, both at night. have a hydrography distinguished by 

a narrow salinity range within the surface and 200 m of 34.6"/00 to 

34.r/oo ' Temperatures were warmer, from about 20" - 31"C. 
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Rhabdosoma (Milne-Edwards. 1840) 

Species Key to Gulf of California Rhabdosoma 

Telson terminates in a sharp point, longer than U2 .••..•.•••.. 2 

Telson terminates in a rounded apex, shorter than U2 ....•••.•• 3 

2(1) Exopoda of U2 and U3 are rudimentary; one accessory tooth on 

PI and P2 carpus, posterior edge .•......•.•. . Rhabdosoma armatum 

Exopoda of U2 and U3 well-developed; no accessory tooth on 

posterior edge of PI and P2 carpus •..•..•.... . Rhabdosoma whitei 

3(1) Telson at least as long as half the length of the double 

urosornite; teIson extends beyond U2 .•.••..••.• . Rhabdosoma minor 

Telson much shorter than half the length of the double uro­

somite; telson extends beyond U2 .•.•.. • Rhahdosoma brevicaudatum 



RhahdoBorra armatum (Milne-Edwards. 1840) 

Rhabdosoma armatwn 

REMARKS: 

Fage 1960: 88 (synonymies) 

Brusca 1973:23; 1981:12 

This species is not common, but is widely distributed in 

tropical and subtropical regions of the World Ocean (Sudara 1971:578). 

There are a few records from the north central Pacific (Brusca 1973. 

1981; Shulenberger 1977:379). but never in great numbers. In the 
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South China Sea, Sudara found this species restricted to the surface 

layers in salinities between 33.5 %
0 and 34.6% 0 and temperatures 

between lr and 29°C. Fage presents the most detailed aspects of its 

biology, but generally supports the information above. Tropical waters 

with salinities less than 35.1"/00 and temperatures greater than 25"C 

are the most preferred in the Indo-Pacific. and in the Gulf of Cali­

fornia. 

Rhabdosoma armatum was rare in the Gulf waters (1:5:0; ROA 77). 

occurring only in the surface waters (Fig. 134b-d). The positive 

stations. all from night. similarly had temperatures above 25°C at 10 

Ill; salinities ranged as high as 35.2"/0'" Since the collections were 

by oblique tows to 140 ro, it could be that individuals from stations 

with high salinities were dwelling deeper. where the salinities are low. 
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Rhabdosoma whitei Spence Bate, 1862 

Rhabdosoma whi tei 

REMARKS: 

Fage 1960:97 (synonymies) 

Zeidler 1978: 36 
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This species is the most common of the genus and is widely 

distributed. particularly in tropical and subtropical regions (Dick 

1970:73). It is more frequently encountered along the oceanic margins 

(Sudara 1971:526) J becoming quite uncommon in the central oceanic 

regions (Brusca 1973:23, Shulenberger 1977:379). Rhabdosoma 1Jhitei is 

definitely epipelagic. and prefers waters above 50 m (Fage 1960, 

Thurston 1976:438). but there is little evidence to establish any 

migratory behavior. Fage records numerous records from the Eastern 

Tropical Pacific. This species was the most abundant member of this 

genus in the Gulf. 

Rhabdosoma whitei was relatively common in the Gulf waters 

(20:61:3; ROA 25). occurring in all of the CalCOFI cruises (Figs. 135. 

136). Night stations were much more common (88%) than day stations. 

and were equally utilized by both sexes. Hydrological analysis of the 

positive stations revealed a strict preference -for Subtropical Surface 

and Subsurface Water throughout all of the seasons. Fage (1960:99) 

documents the occasional presence of precocially mature adults of both 
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sexes at certain stations in the Indo-Pacific. Although some mature 

adults exceeded 80 1:lIil. some had secondary sexual characters well­

developed at only about 20 mm. A small proportion of the total (18%) 

were precocially mature: none were longer than 25 mm and all had mature 

oostegites or second antennae. All were found north of the island 

channels, and at stations where the 10 m temperature exceeded 26°C. 

Rhabdosoma IUhitei seemed sensitive to low oxygen concentrations. for 

all of the positive stations were characterized by relatively deep 

oxygen minima and high oxygen tensions at the surface. 
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Figure 136. The Gulf distributions of Rhabdosoma whitei in 1957 and 1974. 
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Rhabdosoma brevicaudatum Stebbing. 1888 

Rhabdosoma brevieaudatwn 

Fage 1960: 104 (synonymies and distribution) 

REMARKS: 

Thb relatively unconunon species is strictly confined to the 

tropical regions of the World Ocean, rarely venturing into subtropical 

waters (Dick 1970: 72). They are uncommonly found in the central 

oceanic regions (Fage 1960:£ig. 79, Shulenberger 1979:379, Repelin 

1972:52). and much more frequently encountered on t):1e oceanic margins 

(Stephensen 1925:205). They have a high tolerance for elevated 

salinities and temperatures. but are limited in distribution by the 

extremes experienced in the western Pacific . 

... il est remal'quable en tout cas que sa tolerance pour les 
fortes saZinites et son eurythermie relative ••• il atteint 
peut-etre la les limites de sa tolerance et ce pourraient 
etre lea hautes temperatUX'es (28°C) et les basses salinites 
(34. SO /00) qui earacterisent les regions equatoriales de 
Z 'W. -Pacifique qui font obstacle a sa penetration da."1G 

Z 'Ocean Indien. 
(Fage 1960: 107) 

Rhabdosoma bl'evieaudatwn was rare in the Gulf (0: 10:0; ROA 

63). occurring only at night, and only at stations ... here the 10 m 

salinities exceeded 34.7%0 and temperatures ... ere less than 27°C 

Fig. 137). The hydrography of the positive stations shows a preference 

for Transition A and B Waters. This species and its close relative, 

Rhabdosoma minor, are thought to be parthenogenetic. 
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Rhabdosoma minor Fage, 1954 

Rhabdosoma minor 

Fage 1954:661; 1959:1847; 1960:107 

REMARKS: 

This rare species is known almost exclusively from the tropi-

cal regions of the World Oceans, centered on the Indian Ocean (Dick 

1970:72). It is most numerous in the western Indian Ocean and tropical 

Pacific, but this may be an artifact of the sampling effort (Fage 1960: 

Fig. 79). It seems to be especially rare in the central oceanic 

regions (Brusca 1973: 23). becoming more abundant in the coastal 

margins (Sudara 1971:510). Fage reports positive stations within the 

Eastern Tropical Pacific. 

Rhahdosoma minor is rare in the Gulf waters (0:6:2; ROA 68~). 

occurring only in the warmest of the CalCOFI cruises (Fig. 138). 

Day and night stations were about evenly divided, with a slight bias 

towards dark time captures (57%). Hydrological analysis of the 

positive stations shows a wide range of conditions between the limits 

of 34.5 - 35.5 %0 and 15° - 30 0 e. This precocially mature, partheno-

genetic species does not seem to be as sensitive to high salinities as 

is Rhabdosoma brevicaudatwn~ and has a greater world-wide distribution. 

This difference in salinitiy tolerance and distribution is not very 

apparent in the Gulf waters. 
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Simorhynchotus antennaP'ius Claus. 1871 

Simorhynchotus antennarius 

Fage 1960: 11 (synonymies and distribution) 

REMARKS: 

This species is numerous and widely distributed throughout 

the World Ocean, with a slight bias towards tropical and subtropical 

conditions (Dick 1970:73). It does extend into cool-temperate waters, 

but not into cold regions: Yoo (1971:64) found it in moderate numbers 

only in the southern reaches of the Kuroshio. When locally numerous. 

the data from the literature points to an epipelagic distribution, 

biased towards surface waters (Stephensen 1925: 185. Barnard 1930: 130. 

1931:433). Fage found the largest aggregations at depths of 500 m; 

although there is ample room for error. Simorhynehotus antermarius may 

also have mesopelagic components to its population structure. Fage 

reported positive stations in the Eastern Tropical Pacific; further 

West. Shulenberger (1977:379) found a few specimens in the Central 

Pacific Gyre. 

SimoY'hynehotu8 anten:narius was relatively abundant in the 

Gulf waters (110:287:0; ROA 8). occurring in both epipelagic and meso­

pelagic tows (Figs. 139, 140). Overall, day and night stations were 

about evenly divided (54% night), but the pattern changed seasonally 

with the highest proportion of day stations occurring in the cooler 

months. Females were cound through all hours of the day and night. 
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months. Females were found through all hours of the day and night; 

males were also, but showed a diminution in numbers during daylight 

hours. Hydrological analysis of the positive stations revealed the 

predominance of stations, regardless of season, to be similar to Sub­

tropical Surface and Subsurface Waters. As with Subtropical waters, 

salinities less than 35°/ QO at the positive stations were only associ­

ated with temperatures less than 16 °C. The southern boundary stations 

for the distribution of this species in the Gulf tracked quite well 

with the 10 m isohaline of 35.0%0' the northern boundary stations 

with about 35. go / 00' The distribution patterns otherwise are quite 

zonal, and population peaks -correspond with other zonal or gyral 

patterns observed for physical parameters. This species seemed 

tolerant to low oxygen conditions. for some of the positive stations 

were distinguished by very shoal oxygen minimum depths and very low 

isopleths of dissolved oxygen at 10 m. 
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Streetaia Stebbing, 1888 

Species Key to Gulf of California Streetsia 

Length of telsen is subequal in length to double urosomite; 

pereon is subequal to pleaD •••••.••.••••••••.•••••••••....•. 2 

Length of telson is greater in length than double urosomite; 

pereon is longer than plean ..••••••••.. . Streetsia chaUengeri 

2(1) Lateral organ is present on each pleonite; Ul and U2 are 

subequalj pleonite 3 has strong spine .. . Streetsia mindanaonis 

Lateral organ is absent; U2 is much smaller than lil; pleonite 

3 has no spine •......•......•••....••.• • Streetsia steenstrupi 



Streetsia chaUengeri Stebbing, 1888 

Stl'eetsia pronoides 

Hurley 1956:19 

Brusca 1965:74 

Stl'eetsia chall.engeri 

REMARKS: 

Fage 1960:51 (synonymies and distribution) 

Brusca 1967:387; 1973:21 
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This species is very common and widely distributed throughout 

the World Ocean, showing a definite bias towards tropical regions 

(Dick 1970:74). In the South China Sea, it occurs only in low densi­

ties offshore, in a narrow range of salinities (34.1 - 34.5°/"0) and 

temperatures (21 0 - 24<>C). This is not expected, for in Fage's review 

of its world distribution, he regarded it as both eurythermal and 

euryhaline. Sanger (1973:24) found it to he abundant in British 

Columbian-Alaskan waters. and Fage reports other records above 41 oN. 

Thurston (1976:440) demonstrated that the apparent upward migration at 

night observed by previous researchers was actually a vertical disper­

sion towards the surface and deeper waters at night. Moreover, this 

species is predominately an inhabitant of the epipelagic. 

Streetsia (}haUengeri was uncommonly encountered in the Gulf 

waters (4:27:3; ROA 41). found almost exclusively in upper waters 

(Figs. 141, 142). Overall, day and night stations were about evenly 
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divided (52% day). but there was great seasonal variation in the pat­

tern. This may merely be an artifact of the small number of positive 

stations in some cruises (i.e. February, December 1956). Hydrological 

analysis of the positive stations reveals a strong relationship to 

Subtropical Surface Waters. with a' slight shift to Northern Gulf Water 

iI!, August. Both for station hydrography and the seasonal progression 

of isohaline placement. this species seems strongly limited by salini­

ties less than 35.0°/00' the limit of Subtropical Water. There did 

not appear to be any significant intolerance to low oxygen tensions in 

the Gulf of California. 
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Stl'eetaia mindanaonie (Stebbing~ 1888) 

Stl'eetsia mindanaonis 

Fage 1960:45 (synonymies and distribution) 

REMARKS: 

This distinctive species is rarely encountered. but collec­

tions have heen made from widely distributed records in tropical and 

subtropical regions (Dick 1970: 74). In the North Pacific, it is only 

found in the California Current south to the Gulf of Panama (rage 

1960), but Shul~nberger (1977:379) found one male in the Central 

Pacific Gyre. In the western South Pacific, it seems distributed at 

the 100m isotherm. of 24 DC or warmer, and sensitive to high salinities; 

Sudara (1971 :450) found it within very narrow environmental ranges 

(34.1 - 34.5°'00; 21° - 24°C). 

Stl'eetBia mindanaonis was rare in the Gulf waters (4:9:0; 

ROA 59"s.), occurring only in the warmest CalCOrl cruises (fig. 143a~b). 

Night stations were more common (64%) than daylight stations; there 

did not appear to be any particular preference by either sex for day 

or night stations. Hydrological analysis indicates a station hydro­

graphy of the positive collections similar to Transition B Waters of 

salinities no greater than 35.1%
0 , There is a distinct shift to 

lesser salinities as temperatures rise in June and August. Northward 

extensions into the Gulf were limited by the 10 m isohaline of 35.0%0' 



Streetsia steenstrul?i Bovallius. 1887 

Streetsia steenstrupi 

Fage 1960:42 (synonymies and distribution) 

RE'1ARKS: 

This species is rarely encountered outside of tropical and 

subtropical waters. but is widely distributed within that region of 

the World Ocean (Dick 1970:75). In the South China Sea, it is found 

through a wide range of salinities (32.7 - 35.9%0) and temperatures 

(15 0 - 31°C) (Sudara 1971:459). Fage reviews the biology of this 

species and concludes that it is the most sensitive of the genus to 

high salinities (especially values greater than 35.0 % 0 ), and is 

commonly found throughout the Eastern Tropical Pacific. 
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Streetsia steenstrupi was very rare in the Gulf (1:2:0; ROA 

89:1z), and was the rarest of this genus here (Fig. 143c..d). It never 

penetrated the Gulf very far north. and oc.curred only in the surfac.e 

tows at night. Hydrologic.al analysis of the few stations available 

shows a strong affinity by this spec.ies to Subtropical Water less than 

35.1% 0 and warmer than 23°C in the upper 10 m. 
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Family PLATYSCELIDAE Spence Bate, 1862 

Genus Key to Gulf of California PLATYSCELIDAE 

Pl and P2 have dactyl forming subchela with the concave 

distal margin of propus ••••••••••••••..••••••••••.••.•••••.. 2 

PI and P2 have no subchela between dactyl and propus ••••.••• 3 

2(1) PI and P2 have pointed carpal processes; P6 basis has semi-

circular fissure .......•.•..................•..•. . Allrphithyrus 

PI and PZ are without carpal processes; P6 basis has no 

fissure ••.......••••••••••...•..••.••...•.••.•.•. . Tetrathyrus 

3(1) Pl and PZ are chelate; PZ has carpal process about as long 

as propus .•••••••••••••••••••••••••••••••••••••••••••••••••• 4 

PI is simple; P2 has short carpal process .•.•••••. . Paratyphus 

4(3) Pl carpal process is subequal to propus ..•..•..•• • PZatysoelus 

PI carpal process is much shorter than propus ••... . Hemityphis 



PZatyscelus Spence Bate., 1861 

Platyscelus sez>ra:tulu8 Stebbing, 1888 

Plabd see lus serratus 

Spence Bate 1861: 4 j 1862: 330 

Eutyphis serratus 

Claus 1879:11; 1887:37 

Platyscelu8 dubius 

Shoemaker 1925 :51 

PlatysceZus serratulus 

Stebbing 1888: 1470 

Brusca 1967:387; 1973:20; 1981:11 

REMARKS: 
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This uncommon species is 'Widely distributed throughout the 

tropical and subtropical regions of the World Ocean, with a definite 

bias towards subtropical conditions (Dick 1970:80). There is good 

evidence (Stephensen 1925:215, Brusca 1981:11) that this species 

migrates upwards at night, but the degree is quite small. The data 

from the literature show quite clearly that this species is epipelagic, 

found primarily in the upper 25 m (Thurston 1976:443). This species 

is much more common along the oceanic margins. especially in neritic 

waters (Zeidler 1978:40. Brusca 1981:11). 
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Platysaelus serratulus was relatively common in the Gulf 

waters (17:57:16; RDA 27). and was found in all of the CalCOFI cruises 

and some of the deeper tows (Figs. 144, 145). Shoemaker (1925) 

recorded many specimens from around the southern end of the Baja 

peninsula, and Hurley (1956:21) found a small female off Cabo San 

Lucas. Overall, day and night stations were about evenly divided; 

only in August, 1957 did nigh.t stations become dominant though (86% of 

positive stations). There was no sexual difference in time of capture: 

both sexes were caught at all hours. Ovigerous females were most 

common in June, 1957. and amounted to half the females caught in that 

cruise. Only two females were caught two months later. the only other 

time that ovigerous females were found. 

Hydrological analysis of the positive stations reveals a 

strong preference for Transition B Water until June and August. At 

that time, Northern Gulf Water were most important when the Gulf water 

was maximally warmed. A wide range of salinities and temperatures 

were measured at the collection stations; there is a diffuse limit at 

salinities greater than 35.2 %
0 , The distribution pattern tracks well 

with this 10 m isohaline. especially in August, 1957. At this time, 

there was a gyral salinity maximum mid-Gulf; P~atysae~us serratuZus 

was abundant in the waters around it, but absent within it. Since 

this species lives high in the water column. it is not surprising that 

oxygen tensions in the Gulf had little effect on this species's distri­

bution. 
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AmphithYPUB Claus, 1879 

Species Key to Gulf of California Amphithyrus 

Telson tapers to a point ..••••..•••.•..••.•••••••••.••..••.. 2 

Telson is broadly rounded .••••...••. • Amphithyrus s(Julptura:tus 

2(1) PS epimeral plate with one large spine ...................... . 

• • • • • • • • • • • • • Amphi thyrus bispinosus 

PS epimeral plate has no such spine •...•• • Amphithyrus similis 



Amphithyrus hi-spi-nasus Claus. 1879 

Amphi thyrus bispinosua 

Claus 1879: 15 

Shoemaker 1945: 259 

REMARKS: 

379 

This very distinctive species is commonly distributed through­

out the warmer waters of the World Ocean, with a distinct preference 

for tropical and subtropical regions (Dick 1970:76). Nearly all of 

the published records are from the surface or upper 50 m (Thurston 

1976:441); deeper records are from non-closing nets and do not estab­

lish accurate depth records. This species is about as common on the 

oceanic margins as in the central regions (RepeUn 1972: 52; Shulen­

berger 1977:379). 

Amphithyrus hi-apinosus is relatively common in the Gulf 

waters (4:58:0; ROA 31). occurring in most of the CalCOFI cruises 

(Figs. 146. 147). Overall. night stations were more common (60%) 

than were day stations, with little seasonal variation. Hydrological 

analysis of the positive stations revealed a strong preference for 

Equatorial Surface Waters. shifting to Northern Gulf Water in the 

warmer months. There appears to be a significant barrier of salinity 

values greater than 35.1% 0 and temperatures below 20°C. The gradual 

northward invasion of the Gulf by this species roughly tracks the 

progression of the 10 m isohaline of 35.1% 0 • In August. 1957, the 
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population in the Gulf seemed inhibited by the presence of the gyral 

salinity maximum in the central portion~ for ne positive records were 

ever established within it. Extremely low oxygen values seem to have 

little effect on this species, which may follow given its epipelagic 

preferences. 
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Figure 146. The Gulf distributions of Amphithy'!'Us bispinoSUB in 1956. 
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Amphithy1'U8 8CUZl'tumtus Claus, 1879 

Amphithyrus orientaZis 

Stebbing 1888:1485 

Shoemaker 1925:58 

AmphithyI'WJ gZabep 

Spandl 1924: passim 

AmphithyZ'Us scuLpturatus 

Claus 1879:16 

Stephensen 1925:226 

REMARKS: 

383 

This species is uncommon~ but widely distributed. in tropical 

to subtropical waters of the World Ocean with a distinct preference 

for tropical regions (Dick 1970:77). The data from the literature 

confirm its epipelagic, oceanic preferences (Stephensen 1925. Shulen-

berger 1977:379, Zeidler 1978:41). A number of species are synony­

mized into Amphithy:rus sauZpturatus because of the great variability 

of some specific characters, and the limited understanding of its 

biology. 

AmphithyPUB scuZpturatus was relatively uncommon in the Gulf 

waters (14: 62: 7; ROA 26), occurring in all of the Ca!COFI cruises 

(Figs. 148. 149). Shoemaker (1925) found a few specimens along the 

southern Baja coastline near Isla San Josef. Overall, day' and night 

stations were about evenly divided; seasonally, night stations 
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gradually gained in importance (31 - 83%). Hydrological analysis of 

the positive stations revealed a strong similarity to Subtropical 

Surface and Subsurface Waters, gradually becoming influence by 

Northern Gulf Water as the seasons progressed and the waters warmed. 

Salinities less than 34.9%0 were rare; temperatures ranged to 31°C. 

The spread of this species into the Gulf was tightly deline­

ated by the 34.9%0 isohaline at 10 m to the south and the 35.3 %
0 

to the north. An epipelagic species, Amphithyrus sculpturatus was not 

appreciably affected by the depth of the oxygen minimum. All of the 

specimens. except a small female resembling Arrrphithyrus sculpturatuB 

glaber. were of the nominate form. Ovigerous females were found only 

in the coolest months, in the highest salinities and lowest tempera­

tures at 10 m--conditions similar to Subtropical Subsurface Water. 
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Amphithyrus simiUs Claus, 1879 

Amphithypus simi lis 

REMARKS: 

Claus 1879:16; 1887:42 

Shoemaker 1945: 259 

387 

The identity of this species is closely tied to that of 

Amphithyrus sau~pturatus; Stephensen (1925:225) is doubtful of its 

integrity~ but until more detail is known. it is best to report it as 

a valid species. It is a very rare, distinctive species known exc.lu­

sively from Subtropical regions (Dick 1970: 78). and has rarely been 

found in the Pacific. Shulenberger (1977:379) found a moderate number 

from the Central Pacific Gyre. Other records may exist under specimens 

identified as Amphithypus seulpturatuB. Thurston (1976:441) found it 

to be the most abundant platyscelid in the waters off the Canary 

Islands. His data suggest a small-scale migration or dispersion at 

night, but definitely corroborate its strong association with the 

upper layers of the epipelagic. 

JJ.mphithyrus simUis was rare in the Gulf waters (1 :5:0; ROA 

77), and occurred primarily in warmer waters of the Gulf entrance 

during daylight hours (Fig. 150). Station hydrography shows a slight 

similarity to Subtropical Surface Water, but the data are insufficient 

to present any opinions. 
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Hemityphis Claus, 1879 

Hemityphis PapaZ (Milne-Edwards, 1830) 

Bemi typhis tenuirnanua 

Claus 1879: 12 

Shulenberger 1977:379 

Bemityphis arustuZwn 

Claus 1879: 13 

Hemityphis arustuZatuB 

Claus 1887:39 

Walker 1909:53 

Hemityphi. rap"'" 

REMARKS: 

Pirlot 1930:37 (synonymies) 

Barnard 1930:437; 1932:298 

This widely distributed species is rarely encountered. but is 

known from temperate and tropical regions. with the greates frequency of 

captures from subtropical waters (Dick 1970:78). It is as abundant in 

oceanic wat~rs as neritic (Repelin 1972:50, Shulenberger 1977:379). 

The available data from the literature strongly supports Thurston I s 

(1976:443) contention that this species is epipelagic. occurring usually 

above 100 m. 
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Hemityphis rapa:c was very rare in the Gulf (0:2:0; ROA 9S!s:), 

occurring only at the oceanic entrance to the Gulf (Fig. 152a). Condi­

tions at the time of capture were distinguished by high temperatures 

(greater than 28 Ge at 10 m) and moderate salinities (34.6 - 34.r/oo). 

Both stations were from night tows. 



Paratyphis Claus, 1879 

Species Key to World Pcwatyphis 

(Gulf species are marked with an asterisk) 

391 

p6 basis has a small fissure ••••.•.•••••....•.••..••.•..•••• 2 

P6 basis has an elongate fissure •.•••..•• *Paratyphis spinosus 

2(1) P7 consists of basis and 2 appendages ....................... 3 

P7 consists of basis and 1 appendage .• . Paratyphis promontorii 

3(2) P2 carpal process is smooth •.••••••.. ••• *Paratyphis maculatus 

P2 carpal process is pectinate .•••••••.•••. • Paratyphis parvus 



Paratyphis maaulatus Claus, 1879 

Pamtyphis macuZatus 

REMARKS: 

Claus 1879: 14 

Shoemaker 1945:259 

This species is relatively uncommon, widely distributed in 

temperate and subtropical waters, and biased towards cooler water 

392 

(Dick 1970:78). It is rare in the Pacific: most of the records bere 

are from oceanic waters (Repelin 1972:50; Shulenberger 1977:379). The 

available information from the literature suggests that this species is 

mesopelagic or deep epipelagic, rising to the surface during daylight 

hours (Stephensen 1925:223). 

Pamtyphis maauZatus was found only once in the Gulf: a mature 

female from deep waters off the Baja coastline (Fig. 152b). 
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Pazu"typhis spinosus Spandl, 1924 

Paratyphis c Lausi 

Stephensen 1925:221 

Paratyphis spinosus 

Spandl 1924:36 

Pirlot 1930:39; 1939:57 

REMARKS: 

This rare species is known mainly from warm-temperate to 

subtropical regions of the World Ocean (Dick 1970:79). and has been 

collected from both neritic and oceanic waters (Barnard 1930:439). The 

only record from the North Pacific is by Brusca (1973:20), who found an 

ovigerous female from an open net midwater trawl. 0 - 425 m. 

Paratyphis spinosu8 was rare in the Gulf (1:4:2; ROA 72). 

c.ollected only in the upper waters. Night stations were by far the 

more common (86%). Hydrological analysis of the positive stations 

revealed strong similarities to Transition B Water. with Northern Gulf 

influences as the Gulf warmed up in Summer. Collections were widely 

scattered, and are too few to establish a recognizable pattern (Fig. 

151) • 
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Tetrathyrus Claus. 1879 

Species Key to Gulf of California Tetrathyrus 

U2 and U3 endopod fused with protopod; telson entire ..••..•. 2 

U2 and U3 endopod free; telson ventrally incised on its 

margins •••.•.•••...••••...••••..•.•.••.• • Tetrathyrus arafurae 

2(1) P6 ischium arises 1/2 - 2/3 the length of the basis; the 

margins of merus are linear. distally widening .••••..••...•.• 

. . . . . . . . . • . . . Tetrathyrus foreipatus 

P6 ischium arises distally on basis; merus is broad in the 

middle, distally tapering •••....•.••.. . Tetrathyrus pulchenus 



Tetrathypus amfurae Stebbing, 1888 

Tetrathyrus arufurae 

Stebbing 1888: 1483 

Spandl 1927:243 

REMARKS: 

396 

This rare and distinctive species rarely has been encountered 

in the Pacific Ocean. The only records are from the western Pacific, 

8 0 S 135°E. and one ovigerous female from the deep (850 - 975 m) Hawaiian 

waters of Oahu (Brusca 1973:20). Tetrathyrus arafurae is similar in 

appearance to Tetrathyrus foroipatus. and some positive records may 

mascarade under that designation. 

Tetrathyrus arafume was very rare in the Gulf waters (1 :2:0; 

ROA 89!:i). occurring at widely spaced stations in diverse seasonal 

conditions (Fig. lS2e). 
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Tetrathyrus foreipatuB Claus. 1879 

Tetrathyros sanati-josephi 

Shoemaker 1925:54 

Tetrathyrus forcipatus 

REMARKS, 

Claus 1879: 14 

Shoemaker 1945:259 

398 

This uncommon species is widely distributed in tropical and 

subtropical waters, with a definite preference for subtropical regions 

(Dick 1970:80). The literature strongly indicates that this species is 

an inhabitant of surface and subsurface waters rarely deeper than 40 m 

(Thurston 1976:444). There is slight evidence for upward migration at 

night. but the data are insufficient for firm conclusions (Stephensen 

1925: 224. Shoemaker 1945: 259) • It has been collected in moderate 

numbers from the Central Pacific Gyre (Shulenberger 1977:379). 

TetrathyI'Us forcipatu8 was relatively uncommon in the Gulf 

(4:10:2; RDA 52'1). occurring exclusively in coastal upwelled waters 

(Fig. 153). The positive stations predominately (80%) are from daylight 

hours and are hydrologically indistinguishable from Subtropical Water. 

Shoemaker (1925) found numerous examples of this species along the 

southern Gulf coast of Baja California. 
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Figure 153. The Gulf distributions of Tetmthyrus forcipatus. 
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Tetrathyrus pulcheZlus Barnard, 1930 

Tetrathyrus puZaheUu3 

Barnard 1930:439 

REMARKS: 

This species has only been recorded from the sub-Antarctic 

waters south of New Zealand. and was apparently described from oue 

adult male. The Gulf specimens agree definitely and exclusively with 

Barnard' 5 description, and do not resemble descriptions or figures 

given for either f'etrathyrus forcipatus or Tetrathyrus arafurae. 
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Tetruthyrus puleheUus was relatively abundant in the Gulf 

(26:255:18j ROA 10). occurring in all of the CalCOFI cruises (Figs. 154. 

155). Overall, night stations were preferred (61%) over daylight 

conditions, changing relatively little through the seasons. Males were 

found most connnonly during daylight hours; females were collected at 

all hours of the day and night. Hydrological analysis of the positive 

stations revealed almost exclusive identity with Subtropical Water. and 

was distinguished by salinities greater than 34.9% 0 in the upper 10 m. 

Distribution patterns show avoidance of salinities less than this limit; 

little correspondence with other parameters were noticable. 
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Family PARASCELIDAE Boval1i.us. 1887 

Genus Key to Gulf of California PARASCELIDAE 

-- P 1 and P2 simple •...•.••.•.••••••••••..•...•.•.. . Thyropus 

-- PI is simple; P2 chelate •••.•••••••••.....•. • Sc:hizoscelus 

Thyropus Dana. 1852 

Species Key to Gulf of California Thyropus 

P6 with fissure in basis •••••....•••••..•..••..••••.•......• 2 

P6 without fissure ...•••••....•.•••.•••.•.•.•.•.•..••.•..••• 3 

2(1) p6 basis tapers slightly, merus extends beyond mero-carpal 

juncture ••••••.....•••••.•...•.••••••..•••.. • Thyropus similis 

P6 basis tapers radically in the distal portion, merus does 

not extend beyond mere-carpal juncture •.•. . Thyropus sphaeroma 

3(1) P6 basis tapers distally ..•..•...•.••.•.•.. . Thyropus edwardsi 

p6 basis does not taper distally ..•••.•.•. . Thyropus typhoides 



Thyropus edMardsi (Claus. 1879) 

Para see lUB edLJardsi 

Claus 1879: 18 

Pa:t'asae ZUB zebu 

Stebbing 1888: 1496 

Shoemaker 1925: 46 

Thyropus edMardsi 

Harbison et al. 1977 :479 

REMARKS: 

404 

This species is widely distributed throughout tropical to 

temperate regions of the World Ocean, but never in great numbers (Dick 

1970: 75) • Most of the collections of this genus are represented by a 

single specimen (Thurston 1976 :444) and details of this species's 

natural history are rare. If this species is typical of the genus, it 

is primarily a surfac.e dweller; there is no indication to its migratory 

behavior. Pacific. records of this species are not common and are widely 

spaced (Stebbing 1888. Repelin 1972:52. Brusca 1981:11). Shoemaker 

(1925:46) found a male and female near Isla Carmen in the Gulf of 

California. 

Thyropus edwaI'dsi was very abundant in the Gulf waters (189: 

563: 164; ROA 5), occurring in all of the CalCOFI cruises and a few deep 

tows (Figs. 156, 157). Day and night stations were about evenly 



divided, with little seasonal variation in preference. Males were 

slightly more conunon in early morning hours. and gradually tailed off 
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in importance as the hours increased; females were most numerous in late 

morning and early afternoon. The number of males caught increased 

continually through the seasons as the Gulf waters warmed up; females 

(especially ovigerous females) become extremely numerous, disproportion­

ate in comparison with males. The overall sex ratio was about 0.25. 

Hydrological analysis of the positive stations revealed 

strong Subtropical influences. In the warmest months, temepratures 

and salinities increased. preserving the identity of the Subtropical 

Water. There was an apparent upper water barrier of 35.5% 0 and a 

lower limit of 34.8 ° / ° 0' but the only patterns which seem evident is a 

definite avoidance of salinities less than 35.0 %
0 at 10 m. In 

general, distribution patterns appear zonal, with vast empty zones 

between northern and southern habitation. 
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Thyl'Opus emUs (Stephensen~ 1925) 

Parasaetu8 simiUs 

Stephensen 1925:209 

ThyropU8 simi Us 

Harbison et at. 1977:479 

REMARKS: 

408 

This rarely encountered species has been collected from 

widely separated stations in the Subtropical Mediterranean and Atlantic 

(Stephensen 1925, Harbison et aZ. 1977), Indian Ocean (Jossi 1972:128), 

and South Pacific Waters (Hurley 1960:282, Tranter 1977:649). 

Thyropus simiUs was very rare in the Gulf (1: 1: 1; ROA 89~), 

occurring at separated stations in the central and southern Gulf (Fig. 

158a). The hydrography of the few positive stations (all from daylight 

hours) indicates a close identy with Subtropical Waters. 



Thyropu8 sphaeroma (Claus, 1879) 

Tanyscetus sphaeroma 

Claus 1879:17; 1887:45 

Thyropus sphaeroma 

REMARKS: 

Stebbing 1888: 1495 

Shoemaker 1945: 260 

This uncommon, distinctive species is known from widely 

separated records from temperate to tropical regions of the World 

Ocean, with a bias towards Subtropical Waters (Dick 1970:76). Most of 

the previous records from the literature provide evidence for surface 

dwelling (Barnard 1930:437, Pirlot 1939:60); Thurston (1976:444) found 

a few as deep as 450 m, indicating subsurface penetration not estab­

lished before. In the North Pacific Central Gyre Shulenberger (1977: 

379) found moderate numbers of both sexes and some ovigerous females. 

Thyropus sphaeroma was very rare in the Gulf waters (1:2:0; 

ROA 89~), and was found only at one location near the island channels 

(Fig. 158b). 
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Thyropus typhoides (Claus. 1879) 

Farasce lUB typhoides 

Claus 1879:19; 1887:46 

Shoemaker 1945:260 

Thyropus typhoides 

Thurston 1976:444 

REMARKS: 

410 

THis species is relatively uncommon. but is widely distributed 

throughout temperate to tropical regions of the World Ocean (Dick 1970: 

75). Previous records from the literature include both surface collec-

tions (Chevreux 1900:151, Spandl 1927:262, Hurley 1960:282) and 

subsurface catches as deep as 350 m (Thurston 1976:444). There is 

little information on migratory behavior. In the Pacific, this species 

has been collected in fairly high latitudes in the North and South 

hemispheres (Bulycheva 1955:1048, Barnard 1932:299. Tranter 1977:349). 

in the Central Pacific Gyre (Shulenberger 1977:379), and in the 

California Current (Hurley 1956:21). 

Thyl'opuS typhoides was very rare in the Gulf (0:3: 1; ROA 83~). 

and was represented by a single specimen collected from upwelling water 

along the Baja coastline (Fig. 158c). 



SchizosceluB Claus, 1879 

SchizosceZ-us ornatus Claus, 1879 

Schizosae lus or>natus 

REMARKS: 

Claus 1879:21; 1887:44 

Stebbing 1888: 1504 
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This rare species is known from widely separated records in 

tropical and subtropical waters (Dick 1970:76). Most of the records 

from the literature are from surface tows (Chevreux 1900: 151, Stephen­

sen 1925:205. Stewart 1913:261). but Thurston (1976:444) found specimens 

as deep as 300 m. 

SchizosceZus orr..atu8 was represented by only one male from 

the Gulf entrance (Fig. lS8d). 
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Figure 158. The Gulf distributions of a) Thyropus typhoides, b)ThyropuB 
similis, c):L'hypopus sphaeroma, and d) SchizosceZus ornatu8. 



CHAPTER 4 

ANALYSIS OF RESULTS 

To test the importance of physical parameters in determining the 

distribution of hyperiids in the Gulf of California, I will employ 

various multivariate analyses to discern the significant relations 

between water characteristics and the abundance of selected species at 

each collection station. For the following analyses, I have selected 

temperature, salinity, and oxygen at 10 m, at 100 m, and sometimes 200 

m, for the independent variables. Below about 200 m, the hydrography 

of the Gulf is characterized by stable, conservative conditions, and 

does not deviate from the limits expected for Pacific Equatorial Water 

(Warsh et at. 1973). Hydrological parameters above this level will be 

most relevant for the following analyses because conditions vary the 

most in these depths, and the CalCOFI collections are contained above 

140 m. 

The explicit hypotheses to be tested are that a given species I 

distribution is non-random and best explained by th~ station hydro­

graphy. The implicit assumptions are that the relevant station 

hydrography is represented by temperature, salinity. and oxygen at 

the 10 m and 100 m horizons, and that hyperiids are able to select 

optimum conditions. 
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I have log-transformed the raw species abundance to minimize 

the effects of shoaling and premature juvenile release (discussed 

earlier). and to satisfy the requirement of homoschedastic variances 

(Sakal and Rohlf 1969). For each species under analysis. multiple 

regressions are used to test for the existence of any correlative 

properties the station hydrography shares with the species I abundance. 

The aim of multiple regression analysis 1s to produce a 

formula of the type: 

y = aX l + bX2 + ex) + ... + constant 

where, in the present case. 

y = species abundance at a given station, 

Xl' x2 "" hydrographic variable nl. 112, etc., 

a, b = regression coefficient for xl' x2 ' etc •. 

The criterion for inclusion into the regression equation is 

whether a significant increase in the amount of the variance in a 

species I abundance is explained by the new variable. Obviously t the 

more variance able to be explained, the more we are sure that the 

relation is not spurious. Such inclusion stops when the explained 

variance does not significantly increase. Adding the variables step­

wise into the regression equation allows the assessment of each 

separate variable. Since the stepwise regression algorithm selects the 

most important independent variable first according to the amount of 



variance in the dependent variable it explains. the second most 

important by how much variance it can resolve after the first, and so 

on, the independent variables can be ranked in order of effect. In 

415 

the analysis that follows. the dependent variable (species abundance) 

can only be measured in whole numbers. but the regression equation 

produces values to two decimal places without rounding. This will 

cause internal errors whenever the predicted value of station abundance 

is compared to the observed value. Moreover, the pelagic environment 

is complex and stochastic: given all of the possible forces that might 

affect species abundance (e,g. weather, predation. etc.). 100% explana­

tion of the observed variance is attainable only in theory. Cautious 

interpretation must be employed whenever the data fit is less than 

about 20% (Sokal and Rohlf 1969). 

Analysis by multiple regressions can be extended through the 

use of factor analysis. Instead of adding single variables into the 

regression equation. all of the variables can be assessed simultaneously 

through principal components. Here. we c.an test whether a particular 

species' abundance is determined by separately or simultaneously acting 

parameters. Our understanding of the biology of hyperiids does not 

allow us to state a priori which case is more likely. Principal 

components are derived through factor analysis. and can be added 

stepwise into the regression equation just as in the case for the 

variables taken separately. 
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In the situations where the species I distribution suggests 

that the distribution is limited by the placement of certain isopleths. 

we can test the hypothesis that a given distribution is limited by 

parametric barriers. That is. the distributional limits of some 

species (e.g. Simorhynchotus antennarius) seem to correspond well with 

the location of the 10 m isohalines regardless of season. In this 

type of analysis. the full range of values of the variable under 

scrutiny will be only used initially. Succeeding multiple regressions 

will be re-run (with a loss of degrees of freedom) on the same data 

except that the range will be increasingly truncated. If there exists 

significant barriers to a species I distribution at a given isopleth 

boundary. then the regressive fit will be maximized at that parameter 

value. 

A regression formula that significantly explains the observed 

variance in a species I abundance will provide the grounds to reject the 

null hypothesis that the distribution of a given species is determined 

by factors other than hydrographic parameters. As may be seen from the 

species accounts. the sample size of most hyperiids in the Gulf is not 

large enough to allow quantitative analysis to be done. However, six 

species 'Whose life histories are representative of the various hyperiid 

families and superfamilies are abundant enough to be examined in detail: 

Scina borealis, VibiZia armata, Lestrigonus bengalensis, Primno brevi­

dens, Simorhynchotus antennarius, and Thyropus ednJardsi. 
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Species' Distributions and Hydrography 

Scina borealis 

This species is the least abundant hyperiid in this group of 

six species, but is the most numerous physosomatid. and was therefore 

chosen to represent this life history strategy. Most species in this 

superfamily did not penetrate the Gulf far. only advancing into the 

central Gulf in the coolest months. Gross examination of the distri-

bution of Saina borealis suggested a correspondence between the 10 m 

isohaline of 35.10 /00 and its northern limits of intrusion into the 

Gulf. A bivariate plot (Fig. 159) of salinity and abund~nce demon-

strates what was observed in the hydrological analysis: abundance was 

modal about a salinity of 35.0% 0, abruptly dropping off at 35.3%0. 

Pairwise correlations among various hydrographical parameters and 

species abundance are given in Table 2. The entries in this table and 

the ones that follow are interpreted in the same manner. For example, 

temperature and the concentration of dissolved oxygen at 100 mare 

inversely related in a significant manner (r = -.46, P .05), at all 

of the stations that this species was caught. The presence and abundance 

of Soina borealis was significantly correlated only with salinity at 

10 m (r <= .48, P .05). In the analysis by stepwise multiple regres-

sian. the only single variable of significant value in the regression 

equation was salinity at 10 m (Table 3: F3 •17 = 3.87. P .05). This 

means that the abundance of this species could be accurately predicted 
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Figure 159. A bivariate plot of the abundance of S:]1~na borealis with the 
salinity at 10 m measured at positive collection stations. 



Table 2. Pairwise correlations of the abundance of Seina borealis and 
the hydrography of positive stations. 

TlO, SID. 010 refer to temperature. salinity, and the concen­
tration of dissolved oxygen at the 10 m depth; TlOO, S100, 0100 refer 
to the same parameters at 100 m. See text for details. 

TID SlD OlD TlOO S100 0100 

TID 1.00 

SID -.19 1.00 

OlD .04 -.21 1.00 

TlOO -.32 -.06 .05 1.00 

5100 -.52** .01 .41* .43* 1.00 

0100 -.59** .31 -.02 -.46* .43* 1.00 

Abundance .34 .48** .03 -.06 -.21 .20 

* P (.05 

** P <.01 
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Table 3. Stepwise regression results for Sain,a bO'l'eaUs. 

See text for explanation, Table 2 for abbreviations. 

Full range of values: 

y = .95 810 - 32.04 

r = .43; r2 = .189; df .. 18; F3 •17 "" 3.87; P < .05 

Variable 
Partial correlation 
with abundance 

T10 .2106 

010 .0423 .ns 

T100 .0485 

8100 -.0247 ns 

0100 .1717 

Upper limit: 35.50 % 0 

DS: not significant 

r"" .51; r2 = .262; df = 13; P < .05 

Upper limit: 35.20 % 0 

r = .53; r2 "" .278; df = 11; P {.06 

Upper limit: 35.10 %
0 

r '" .55; r2 = .301; d£ = 10; P ( .075 

Upper limit: 35.00%0 

.49; r2. = .250; df = 9; P < .15 
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from the 10 m salinity value at any given station. When the range of 

salinity values is successively truncated to the postulated boundary 

limit (see species accounts), the amount of variance explained increases 

from 18.9% to 30.1%, but the relation is less significant. Because 

the degrees of freedom must change with each succeeding operation, the 

requirements for statistical significance must become more stringent. 

Therefore, these data are not sufficient to support the observation 

that distribution coincides with the 10 m isohaline of 35.1°/00. 

Regression on the principal components shows that three 

factors significantly reduce the unexplained variance in species 

abundance (Table 4). Surprisingly, the first two factors are strongly 

composed of upper water temperatures and various deeper water 

parameters. Only the third factor features upper water salinity. It 

can be seen from this that even though salinity is significant by 

itself, the effect of other simultaneous parameters is more important. 

Thus. salinit.y is not a primary force. but probably an indirect effect 

of some other factor. 



Table 4. Stepwise regression on Principal Components for Seina bore­
alis. 

See text for details. Table 2 for abbreviations. 

Principal Components 

(Eigenvectors) 

TID .755 -.122 .164 

510 .014 -.434 -.739 

010 -.136 -.017 -.509 

TlOO -.401 -.771 .321 

S100 .235 -.071 .246 

0100 .415 -.444 .061 

multiple r = .58; r2 = .340; df = 17; F3 ,14 = 7.17; P( .05 
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VibiZia armata 

This species is the most numerous vibiloidid, and the fourth 

most abundant hyperiid. Gross examination of its distribution in the 

Gulf indicated an apparent relation between this species I s northward 

penetration and with upwelling water. possibly with salinity at 10 m. 

However. the most important corre1.ation (Table 5) with the abundance of 

VibiUa armata was with temperature and salinity at 200 m, the least 

important .. upper water salinity. Thus, for this analysis, the regres­

sion analysis was performed with the addition of the 200 m hydrography. 

All correlations are low, and no single variable could significantly 

account for the variance in abundance (Table 5). 

Since stepwise multiple regression analysis failed to fit a 

a single significant varible to the abundance data, regression on the 

principal components was the next recourse. Two principal components 

significantly fit in the regression with the abundance of VibiZia 

armata in the GuU of California (Table 6). Upper water temperature 

and oxygen are the most important parameters in the first factor. but 

deeper water (200 m) are the strongest in the second. These results 

indicate that upwelling-related effects are very important in this 

species I s distribution, and that VibiUa azmata is still significantly 

affected by the deeper water environment where it is most commonly 

found. 



Table 5. Pairwise correlations of the abundance of Vibil.ia armata a.nd the hydrography of the positive 
stations. 

See text for details. Table 2 for abbreviations. T200. S200. 0200 refer to values at 200 m. 

TID 510 010 Tl00 5100 0100 T200 S200 0200 

TID 1.00 

SID -.38** 1.00 

010 -.29* .41 l.00 

TlOO .69** -.13 -.34* 1.00 

S100 -.08 .55** .14 .38** 1.00 

0100 .36* .13 -.21 .78** .52** 1.00 

T200 .62** .15 -.22 .85** .58** .75** 1.00 

S200 .43** .27 -.05 .68** .65** .60** .85** 1.00 

0200 .42** .36* -.06 .60** .56** .70** .79** .86** 1.00 

Abundance -.20 .13 .20 -.24 -.13 -.16 -.27* -.17 -.28* 

* P -< .05 **p < .01 

'" N 

'" 



Table 6. Stepwise regression on Principal Components for Vibilia 
a..Yffiata. 

See text for details. Table 5 for abbreviations. 

Principal Components 

(eigenvectors) 

TlO -.225 .264 

510 -.078 .101 

010 .051 -.098 

T100 .545 .399 

8100 .078 .296 

0100 -.420 .383 

T200 -.050 .437 

5200 -.455 .408 

0200 .500 .400 

multiple r = .42; r 
2 

= .174; df = 52; F2 ,50 '" 5.28; P (.01 
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Lestvigonus bengalensis 

This species was the most abundant hyperiid in the Gulf 

waters. Gross examination of its distribution patterns suggested a 

broad tolerance to hydrographic conditions and a slight southerly 

correspondence with the 10 m isohaline of 34.9%0' Abundance was 

significantly correlated with only salinity and temperature at 10 m 

(Table 7). The concentration of dissolved oxygen was uncorrelated with 

the abundance of this species at any depth or location. Stepwise 

regression analysis added salinity at 10 m first. and then temperature 

at 10 m for highly significant, fairly adequate fit of the observed 

abundances (Table 8). 

Two factors were important in explaining the variance of the 

abundance of Lestrigonus bengaZensis (Table 9). The most important 

factor was primarily the effect of salinity at 10 m; the next important 

involved temperatures at both 10 m and 100 m. These results are not 

surprising, given this species I natural history. discussed in the 

species accounts. As a predominant member of the upper water hyperiid 

community. it is obvious that upper water hydrography would be the most 

critical in this species T preferences. What is not readily obvious is 

the general unimportance of dissolved oxygen in the distribution of 

Lestrigonus bengalensis. Although this species reacts positively to 

increasing salinities and temperatures. it seems clear that a complex 

of parameters are more significant than any single force. 



Table 7. Pairwise correlations of the abundance of Lestrigonu8 
bengalensis and the hydrography of positive stations. 

See text for details. Table 2 for abbreviations. 

TIO 810 010 TlOO 5100 0100 

TlO 1.00 

810 .03 1.00 

010 -.46** .01 1.00 

TlOO .70** .14 -.41** 1.00 

8100 .19 .28* .05 .64** 1.00 

0100 .33** .26* -.18 .72** .66** 1.00 

Abundance .24* .34** -.11 .10 -.01 .14 

* p < .05 

** p ( .01 
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Table 8, Stepwise regression results for LeatI'igonu8 bengaZenBis. 

See text for details~ Table 2 for abbreviations .. 

Full range of values: 

y = .48 S10 + .05 T10 - 15.87 

rill .43; r2 = .185; df = 79; F1,78 = 8.73; P( .001 

Variable 

010 

T100 

S100 

0100 

Partial correlation 
with abundance 

-.013 

-.162 

-.171 

-.029 

ns "" not significant 
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Table 9. Stepwise regression on Principal Components for LestrigonuB 
benga1.enais. 

See text for details, Table 2 for abbreviations. 

Principal Components 

(eigenvectors) 

TID -.037 .407 

SID -.863 .180 

010 .372 -.259 

TlOO .138 .599 

S100 .274 .427 

0100 .147 .490 

multiple r = .39; r2 '" .151; df "" 68; F3 ,65 '" 8.38; P < .001 
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rnmno brevidens 

This species is the second most abwtdant hyperiid. and the 

most widespread in the Gulf. Gross examination of the distribution of 

Primno brevidens suggested a correspondence with the 10 m isohaline of 

35.3 0 I 0 o. superimposed upon an apparent preference for high oxygen 

concentrations at the 10 m horizon. Species abundance was only cor­

related with 10 m oxygen concentrations (Table 10); salinity: at 10 m 

was the next most correlated parameter. but this relation was not 

significant. Because of this. stepwise regression only entered oxygen 

concentration at 10 m into the regression (Table 11). At this point, 

the partial correlations of the other independent variables were 

vanishingly small. 
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Entering all of the variables simultaneously through factor 

analysis (Table 12) reveals that after oxygen, salinity at 10 m is 

significant in explaining the abundance variation, for the fit is 

slightly better. Even still. the fit of either method of regression 

accounts for less than 10% of the total variance. It would seem that 

Prinrno brevidens selects upper water habitats of maximum. oxygen concen­

trations within a broad range of salinities. Temperature, at least 

within the range experience in the Gulf, has little effect upon its 

distribution. 



Table 10. Pairwise correlations of the abundance of Prirrmo brevidens 
and the hydrography of the positive stations. 

See text for details ~ Table 2 for abbreviations. 

TlO S10 010 T100 S100 0100 

TlO 1.00 

S10 -.03 1.00 

010 .04 .03 1.00 

TlOO .63** .10 -.15 1.00 

SlOO .01 .22* .01 .50** 1.00 

0100 -.13 .18 .13 .44** .63** 1.00 

Abundance -.05 .10 -.31** -.09 -.01 -.10 

*p < .05 

**p < .01 
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Table 11. Stepwise regression results for Primno bl'evidene. 

See text for detailB~ Table 2 for abbreviations. 

Full range of values: 

y •• 23 010 + .311 

r = .30; r2 '" .093; df = 82; FI •S1 = 8.40; P< .01 

Variable 

T10 

S10 

T100 

S100 

0100 

Partial Correlation 
with abundance 

-.062 

.095 

-.040 

-.Oll 

-.053 

ns = not significant 
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Table 12. Stepwise regression on Principal Components for Primno 
brevidens. 

See text for details, Table 2 for abbreviations. 

Principal Component 

(eigenvector) 

TlO .126 

510 .425 

010 .880 

T100 -.069 

S100 .116 

0100 -.190 

r = .31; r2 = .098; df = 82; FZ,80 = 7.15; P <.001 
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Simol'hynehotus antennariu8 

This species is the most abundant oxycephalid in the Gulf, 

and ranks eighth in abundance overall. Gross examination of its 

distribution indicated that it was apparently confined salinity b7~ 

limits of 35.3%
0 and" 35.0%0 measured at 10 m. The depth of the 

oxygen deficient layer had no apparent effect upon its distribution 

within the GulL 
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Pairwise correlations on the full range of observed values 

(Table 13) indicates significant associations between salinity (and 

possibly oxygen) at 10 m. Temperature at any level appears insignifi­

cant. Stepwise multiple regression entered only salinity at 10 m; the 

fit of the regression equation to the observed data was barely signifi­

cant (Table 14). Iteratively truncating the upper and lower salinity 

range to maximize the fit of the regression equation resulted in an 

upper limit of 35.18% 0 and a lower limit of 34.74%0' The values 

roughly matched the observed limits to this species's occurrence in the 

Gulf. Partial correlations of the remaining independent variables to 

species abundance were thus significantly reduced, and the amount of 

unexplained variance in the abundance data was lessened somewhat (from 

89.5% to 81.3%). 

When principal components are derived from the truncated data 

set , and added serially into the regression equation, the fit was 

quite significantly increased (from 10.5% to 33.2% of the observed 

variance explained: Table 15). Three factors could be entered: the 
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first was primarily salinity effects at 10 m and 100 m; the second, 

primarily temperature at 10 m and 100 illj the third was a complex of 

variables inversely correlated with abundance. Thus. the distribution 

of Simorhynehotus antennarius was strongly circumscribed by salinity 

and temperature. but salinity was by far the most important. The 

multiple correlation value accounts for about 1/3 of the observed 

variance. It is clear that salinities between about 34.7"'/00 and 

35.2"/00 provide the best habitat for this species within rather broad 

temperature constraints. Oxygen concentrations only became important 

with other water parameters. Another way of stating these observations 

is that this species has the greatest densities in water similar to 

Subtropical Surface and Subsurface Water. 



Table 13. Pairwise correlations of the abundance of Simol'hynchotua 
antennariuB and the hydrography of the positive stations. 

See text for details ~ Table 2 for abbreviations. 

TIO 810 010 Tl00 8100 0100 

TIO 1.00 

810 -.01 1.00 

010 -.60** .17 1.00 

Tl00 .87** .01 -.54** 1.00 

8100 .25 .55** -.06 .49** 1.00 

0100 .55** .17 -.31* .71** .54** 1.00 

Abundance .04 .32** .29* -.09 .13 -.05 

* p < .05 

** p < .01 
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Table 14. Stepwise regression results for Simol'hynchotus antennariu8. 

See text for details, Table 2 for abbreviations. 

Full range of values (34.65 -35.45 % 0 ): 

y •• 77 S10 - 25.63 

r'" .32; r2 = .105; df = 47; F1,46 = 5.40; P< .025 

Optimum truncation of values (34.74 - 35.18 % 0 ): 

y • 1.69 S10 - 57.97 

r = .43; r2 = .187. df = 40; FS,35 = 7.14; P< .001 

Full Range of Values 

T10 .046 

010 .246 

T100 -.095 

S100 -.064 

0100 -.108 

ns = not significant 

Optimum truncation of values 

Variable 

T10 

010 

T100 

S100 

0100 

Partial Correlation 
with abundance 

.149 ns 

.152 

.013 ns 

-.007 

.045 

ns = not Significant 



Table 15. Stepwise regression on Principal Components for Simorhyn­
r::hotus antennaJ>iu8. 

See text for details. Table 2 for abbreviations. 

Truncated pairwise correlations: 

TlO S10 010 T100 S100 0100 

Abundance . 13 .43** .23 -.01 .16 .03 

**P<.Ol 

Principal Components 

(eigenvectors) 

TlO -.100 .613 -.479 

S10 .721 -.103 -.313 

010 .411 -.015 -.448 

nOD -.031 -.752 -.158 

S100 .545 .210 .664 

0100 .068 .052 -.076 

mUltiple r '" .57; r 
2 .332; df = 32; F5 ,27 = 13.07; P < .001 
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Thyropus ed1.Jardsi 

This species was the most numerous platysceloidid. and ranked 

fifth in overall abundance. Gross examination of its distribution in 

the Gulf indicated very broad hydrographic tolerances. with an apparent 

avoidance of salinities leSS than about 35.0° / 00' Pairwise correlations 

reveal only one significant association between oxygen at 10 m and 

abundance (Table 16). Stepwise regression analysis added only oxygen 

concentration at 10 m (Table 17) j the fit of these two variables is 

better than might be expected, given the partial correlation with 

abundance and deep oxygen concentrations. Truncating the lower salin­

ity values did not significantly alter the fit of the regression 

equation. 

Three factors could be entered to reduce the observed vari­

ance significantly (Table 18). As expected. the first was primarily 

the effect of upper water oxygen; the second was salinity effects at 

both 10 m and 100 m; the third was a complex of salinity and oxygen 

concentrations in the upper 10 m. Temperature never achieved much 

importance in any of the regressions. 
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Table 16. Pairwise correlations of the abundance of Thyropus eduJar-dsi 
and the hydrography of the positive stations. 

See text for details. Table 2 for abbreviations. 

no SID 010 TlOO S100 0100 

TID 1.00 

SID -.24* 1.00 

010 -.53** .40** 1.00 

T100 .81** -.06 -.50** 1.00 

S100 .25* .57** .01 .54** 1.00 

0100 .53** .20 -.19 .72** .58** 1.00 

Abundance -.04 .16 .32** -.13 -.07 .13 

* p < .05 

** p < .01 
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Table 17. Stepwise regression results for Thyl'opuS edwa.rdsi. 

See text for details. Table 2 for abbreviations. 

Full range of values: 

y •• 28 010 + .036 

r = .33; r2 = .111; df = 82; FI,Sl = 10.13; P < ,001 

Variable 
Partial Correlation 

with abundance 

T10 .165 

510 .029 

TlOO .044 

8100 -.0)8 

aiDa .205 

ns = not significant 



Table 18. Stepwise regression on Principal Components for Thyropus 
edzuaPdsi. 

See text for details~ Table 2 for abbreviations. 

Principal Components 

(eigenvectors) 

TlO .224 -.340 -.235 

510 -.355 -.611 .66B 

010 .764 .144 .451 

T100 .082 .169 -.043 

5100 --.273 .641 .497 

0100 .39B -.225 .214 

multiple r = .46; r2 .215; df '" 63; FS ,58 "" 16.05; P < .001 
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In summary. the distributions and abundances of all six species 

under analysis 'Were able to be explained in terms of simple combinations 

of hydrographic parameters. Much better results were obtained when 

the physical and chemical characteristics of the water column were 

considered simultaneously~ rather than at separate horizons. Some of 

the results could be easily predicted from the natural history of the 

particular hyperiid. For example, Vibilia armata's abundance in the 

Gulf was best described by hydrography at 200 m and upwelling-related 

effects up to the surface. Other variables had little relation with 

its distribution. This species is a common inhabitant of the deep epi­

pelagic. yet is often found at the s'urface along coastlines and in 

In a way not anticipated at the beginning of this analysis, 

Vibilia armata has served as a check on the validity of the technique, 

the results of which agreeing with its natural history. Similarly. 

Lestrigonus bengalensisJ found primarily in the surface layers in the 

Gulf and elsewhere, was closely associated with only upper water hydro-

graphy. 

The abundances of Primno brevidens and Thyropus edlJardsi were 

exclusively identified with the concentration of dissolved oxygen at 

10 m. The only other species to show a significant association with 

dissolved oxygen, Scina borealis, also showed significant responses to 

salinity and temperature. The comparatively minor affect that [02 J had 

upon these six species is puzzling, since this parameter is often 

implicated as a major force in structuring planktonic communities 

in the Gulf of California and Eastern Tropical Pacific (Brinton 1979). 



All six of the species under review feat.ured salinity to a cer­

tain degree as an important parameter affecting their distribution 

within the Gulf; foremost were Scina borealis and Simorhynchotus 

antennar'ius. An analogue of the Temperature-Salinity-Plankton diagram 

was devised to quantitatively test whether auy of the hyperiids were 

responding to salinity within narrow limits. In the two species above, 

the best fit to the observed data was obtained by truncating the total 

range of station salinities to limits empirically obtained earlier. 

These results are also puzzling~ since salinity has rarely been impli­

cated as a dominant force in structuring plankton distributions. 

444 



445 

Biogeographic affinities 

The probable biogeographic affinities of the Gulf hyperiids 

are given in Table 19. Not much detail 1s known about the overall 

distribution of this group in the World Ocean; these assignments repre­

sent my best understanding. The general distributional patterns of the 

Gulf hyperiids (Fig. 160) are similar to those discussed earlier for 

chaetognaths and eupbausiids. Tropical and subtropical species make up 

only 65% of the total number of hyperiid species~ while for chaetognaths 

and euphausiids the proportion 1s much higher, 75% - 85%. In other 

groups, such as copepoda, it is still higher. When the tropical1y­

derived species are ranked by total abundance in the hyperiid fauna, 

they are by far the dominant (84%) component. 

As tropical species increased in importance during the 

annual warming of the Gulf waterS 9 cool- and warm-temperate species 

began to drop out of the CalCOFI collections. Some subtropical species 

drastically reduced their overall distributions and abundances at this 

time. Mesopelagic and deep epipelagic species are nearly aseasonal in 

their occurrences. although by August, 1957. most had extended further 

northward than evident in cooler months (for example, see distributions 

of LANCEOLlDAE). 



Table 19. Biogeographic affinities of Gulf hyperiids. 

The authorities for these assignments are numerous and are 
given in the species accounts under each species listed below. 

BOREAL 

Epipelagic 

Dairella californ,iea 

Mesopelagic-Epipelagic 

Vibilia antarctica 

COLD TEMPERATE 

Epipelagic 

Hyp81'ietta stebbingi 

Lestrigonu$ schizogeneios 

Lycaeopsis negZeeta 

Paraphronima eras sipes 

Phronima stebbingi 

Phronimopsis spinifera 

Phrosina semiZunata 

Seypholaneeola aestiva 

VibiZia woZte;>eeki 

Mesopelagic-Epipelagic 

Braehy see 7;UB g Zobieeps 

Paratyphis spinosus 

Sympronoe parva parva 

Tetrathypus arafurae 

446 



Table 19 (continued). Biogeographic affinities of Gulf hyperiids. 

WARM TEMPERATE 

Epipelagic 

Eupronoe macuZata 

Hypepietta stephenseni 

Lestpigonus maerophthaZmus 

Lyeaeopsis themistoides 

Lyoaeopsis zamhoangae 

Paraphronima graei lis 

Bcina marginata 

ThemisteZ Za fusca 

VibiZia armata 

Vibi Ua C!huni 

Mesopelagic-Epipelagic 

Amphi thyrus bispinosus 

OxyC!ephalus eZausi 

Tetrathyrus puZcheZlus 

}:Iesopelagic 

Paratyphis macuZatus 

SUBTROPICAL 

Surface 

AnchyZomera bZosseviZZei 

BraahysceZus cruseuZwn 

Hypepia Zeptura 

VibiUa auZtripes 
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Table 19 (continued). Biogeographic affinities of Gulf hyperiids. 

SUBTROPICAL (Continued) 

Epipelagic 

Brachyscelus acuticaudata 

Brachy sce lus macroaepha lus 

Brochyscelus rapacoides 

Cronocephalus scleroticus 

DaireUa Zatissima 

Eupronoe armata 

Eupronoe minuta 

Herni typhis l'apax 

Hyperietta stebbingi 

Hyperietta luzoni 

Hyperioides longipes 

Hyperoche martinezii 

Lestrigonus shoemakeri 

Lycaea bajensis 

Lycaea bovaUioides 

Lycaea serrata 

Lycaeopsis pauli 

OxycephaZw3 piscawr 

ParaZycaea gracilis 

Paralycaea hoyZei 

ParaZycaea nehltoniana 

Phronima bucepha La 

Phronima pacifica 

Platyscelus serratuZus 

Rhabdosoma 1iJhi tei 

Schizoscelus ornatus 
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Table 19 (continued). Biogeographic affinities of Gulf hyperiids. 

SUBTROPICAL (continued) 

Epipelagic (continued) 

Scina 7,atifrons 

Scina sp.inosa 

Str>eetsia ahaUengezoi 

Stl'eetsia mindo:naonis 

Stl'eetsia steenatrupi 

Thamne." platywhynchus 

Thyropus ed!.xzrdsi 

Thyroi?uS simiZis 

Thyr0pU8 typhoides 

Vibi~ia stebbingi 

VibiUa viatri:t: 

Mesopelagic-Epipelagic 

Pami?ronoe campbeUi 

Parapl"onoe cl.ausioides 

Parai?ronoe crustu~um 

Phronima atlantica 

Pseudo~yaaea pachYi?0da 

Scina excisa 

Scina rattrayi 

Scina subma.rginata 

Sympronoe parva sei?temarticu.Zata 

Tetrathyl'UB forei-patus 

Thyropus sphaer0111a 

Mesopelagic 

LanceoZa pacifica 

S(].Yi?hoZanaeo~a agassi2i 
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Table 19 (continued). Biogeographic affinities of Gulf hyperiids. 

TROPICAL 

Surface 

Scina nana 

Epipelagic 

Amphithyrus 8""~pturatus 

GZ,088oae:phaZus miZ,needLxnodsi 

Hyperioides sibaginis 

Leptoootis tenu.irosms 

Lestrigonus bengaZensis 

Phronima solitaria 

rnmno brevidens 

Rhabdosoma. armatum 

Rhabdosoma breviaaudat;um 

Rhabdosoma minor 

Saina damasii 

Saina l.anghansi 

Saina stebbingi 

Mesopelagic-Epipelagic 

Saina pusi Z,Za 

Scina simiUs 

Vibilia pl'opinqua 

EQUATORIAL 

Epipelagic 

Lyaaea nasuta 

Phronima aurvipes 
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Table 19 (continued). Biogeographit:. affinities of Gulf hyperiids. 

COSMOPOLITAN 

Epipelagic 

CaZamorhynchus peZZueidus 

Hyperoehe medusarum 

Phranime Z Za e Zongata 

Seina uneipes 

Seina wo Z tereeki 

Mesopelagic-Epipelagic 

Cystisoma fabrieii 

Phronima sedentaria 

Seina borea l is 

Seina erassicornis 

Simorhynehotus antermaI'ius 
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connnunity. Contours are frequency of occurrence; cruise numbers are 
explained in Methods. 
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~ Currents 

As mentioned earlier, gyrel currents have been implicated as 

a driving force in shaping planktonic distributions. Casual observation 

shows that in many species (for example, Vibilia a1'!7'.ata, Lestrigonus 

sehizogeneios) , there is the appearance of population densities being 

concentrated into the gyral zones. It is hard to devise a quantitative 

test of the hypothesis that Gulf gyres significantly affect the distri­

butions of hyperiids. but a workable approach is to consider the 

location of density extremes within the Gulf. 

If gyra! currents are an important force in structuring the 

distribution of a given hyperiid, then there should be very obvious 

correspondence between the location of these gyres and its presence or 

absence. Conditions within the gyre should be stabilized and conserva­

tive. and would have the effect of establishing a large-scale habitat. 

Species presence or absence would be enhanced by this situation. 

depending upon the suitability of the habitat. 

Qualitati'lely, this appears to be the case. for many of the 

hyperiids' distributions are noticable for extremely large areas (1000's 

of square kilometers) of uninhabited water. These areas of species 

absence correspond well with the zonal boundaries predicted by Gilbert 

and Allen (1943) and Round (1967). Using "negative data" is usually 

risky. but it is justified here. given the extensive spread of hyperiids 

throughout the Gulf. and the number of uninhabited stations for each 

species. 
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A quantitative test of these observations is to look at the 

effect such hypothesize gyres would have on the biological complexity 

within a particular region.. If species are avoiding regions spatially 

segregated by discrete barriers, then there should be drastic, signifi-

cant changes in the areal diversity of the Gulf. This is discussed in 

the next section. 

A measure of the biological complexity of a region is the 

diversity of species in the community. The simplest measure, and often 

the most straightforward, is S. the number of species. More commonly 

used, however, is the Shannon-Wiener index, H'. In the form used here, 

HI ::: -£~. log ~ 
N N 

where, N = total abundance of the entire community, 

and, Ni = abundance of the ith species. 

Qualitatively, the counnunity diversity is a function not only 

of the number of species, but also how evenly the total abundance is 

distributed among the species. For example, a community with many, 

evenly represented species will have the same H' as one with a few 

species of equal importance (Pielou 1975). It is informative to keep 

distinct these components of diversity: the number of species. and their 

evenness. The evenness (sometimes known as equitability) may be 
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measured by J 1. where 

J' = H' 

log S 

Logs to the same base must be used for both numerator and denominator 

(Buzas and Gibson 1969). 

Additionally, we can test for the effects of gyra! currents 

on hyperiid distributions by observing the change in areal diversity, or 

S I. the species turnover through space. If there exist barriers to free 

movement within the Gulf waters, then S I should change significantly 

only at those barriers. As discussed earlier, gyra! currents could 

form such barriers, specifically at the boundaries among them. Since 

conditions within the gyres should be conservative, the greatest change 

in habitat will occur at the edges of the gyres, i.e. the zonal 

boundaries. 

The theoretical properites of these gyres are given in Munk 

(1941). Round (1967). and elsewhere; the predicted zonal bou.ndaries 

are illustrated in Figure 161, The standing internal wave that gener-

ates these gyres is of the fourth order: three nodes inside the Gulf 

set the position of the zonal boundaries, A fourth node may exist 

outside the mouth of the Gulf ~ but it would be characterized by free 

oscillation. and would not always be in phase with the others (Munk 

1941) • 

It would be too much to expect that every cruise would show 

the existence of all four zones shown in Figure 161, The presence of 
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Figure 161. Boundaries between gyres predicted by Munk (1941) and 
Round (1967). 
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even one zone is sufficient to reject the null hypothesis that signifi­

cant turnover in species number will occur randomly within the Gulf of 

California. The grounds fOl sufficiency are discussed earlier in the 

section on geostrophic currents. 

The existence of significant changes in S I will be determined 

..:hrough the use of a Two-tailed Kolmogorov-Smirnov One-Sample Test 

(Hollander and Wolfe 1973). The observed values of S I will be examined 

for significant change and placement. The presence and location of 

specific deviates from random will be detected by this test and dis­

played on the following figures. 

Station Diversities 

February, 1956. The stations with the greatest f:.1.!I!I.ber of 

species occurred at the western edge of the Gulf entrance (Figs. 162, 

163). The highest areal diversities occurred in the deeper oceanic 

waters. There is a general inverse pattern between diversity and 

evenness: as the diversity of a region increases, species no longer are 

evenly distributed, but dominant members appear. The greatest turnover 

in species number occurs at mid-Gulf. on the site of a predicted zonal 

boundary. 

April, 1956. Two months later, the diversity of the Gulf 

hyperiid fauna on the whole has decreased more than 10%. The stations 

at the entrance to the Gulf. open to oceanic influences, are almost 

unchanged in species composition (Figs. 164, 165). In the rest of the 
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Figure 165. Species number (S) and significant turnover (S') 
id community in April. 1956. 
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Gulf. the diversity of hyperiids was lessened at most stations. The 

areal diversity is not substantially different from that observed in 

February--a situation caused by the overall increase in species even­

ness at sampling stations. Only the southwestern Gulf has really 

distinguishable dominants. For the rest of the stations. the abundances 

of individual hyperiid species are evenly distributed, regardless of the 

number of species collected at a station. Species turnover is greatest 

at the outermost stations, a predicted zonal boundary. and decreases 

somewhat evenly northward. 

December, 1956. The station pattern during this cruise is 

patchy: only the roughest distributional patterns can be inferred. The 

lowest species number and diversity are in the north and along the 

eastern edges, regions where hyperiids are evenly distributed in abun­

dance. The stations with the greatest diversities and species numbers 

are restricted to the southernmost stations at the entrance (Figs. 166, 

167). The greatest turnover in species occurs at the outermost sta­

tions. and further north at predicted zonal boundaries. 

February, 1957. The number of Gulf hyperiid species did not 

change substantially from that two months ago; it is, however, much 

reduced from that found a year ago (a 20% decrease). Stations with 

the most species are in the central southern region, and reflect the 

pattern evident for the areal diversity (Figs. 168, 169). As in 1956. 

a tong\l.e of increasing diversity begins to penetrate the Gulf. The 

vanguard of this advected water is inhabited by an evenly mixed. highly 
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Figure 166. Diversity (H') and Evenness (J') of the Hyperiid Community in 
December, 1956. 
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Figure 167. Species number and significant" turnover (S') in the Hyperi-
id community in December. 1956. 
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Figure 169. Species number and significant turnover (8') of the Hyperi-
id community in February, 1957. 



diverse byperiid assemblage. The greates turnover in species compo­

sition occurs in the southern third of the Gulf only at the predicted 

zonal boundaries. 

April, 1957. Hyperiid species diversity of the Gulf in­

creased by this time to about that recorded 14 months earlier. In 

general, station diversity is quite similar to that observed in April, 

1956. except that the southwesternmost stations no longer show the 

greatest number of species (Figs. 170, 171). The pattern of areal 

diversity is quite similar to a- year ago. with a strong contingent of 

dominant species in the Northern Gulf. Some stations in this cruise 

have four times the number of species recorded in 1956. The region 

with the greatest turnover in species occurred at the southern two 

zone boundaries predicted by Munk (1941) and Round (1967). 

467 

June. 1957. The total number of species collected from the 

upper waters of the Gulf increased another 20% from April to June (Figs. 

172, 173). The highest diversity of species occurred along the western 

coast of the Gulf; the Northern Gulf had both the lowest number of 

species and the lowest diversity. Only in the axial southern stations 

(more oceanic in character) are there any real dominant members of the 

hyperiid community. The greatest turnover in species is just south of 

the midriff islands and in the central Gulf, both at predicted locations 

of zonal boundaries. 
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April, 1957. 
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Figure 171. Species number (S) and significant turnover (S') of the Hyperi· 
id community in April, 1957" 



5706 
H' 

470 

5706 
J' 

..... 
Figure 172. Diversity (H') and Evenness (JI) of the Hyperiid community in 
June. 1957. 
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Egure 173. Species number (3) and significant turnover (5') of the Hyperi­
id community for June, 1957. 



August. 1957. The diversity of Gulf byperiids jumps another 

10% from two months previous. By this time a very definite coastal 

effect can be discerned (Figs. 174, 175). The highest diversity is 

along the western coast and in the deepest, more oceanic stations. 
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Only outside the entrance to the Gulf do real dominants of the hyperiid 

assemblage appear. The greatest turnover in species number occurs in 

the same region as two months earlier. with an additional decrease 

seen in the southern reaches of the Gulf. Both are at predicted zonal 

boundaries. 

In summary. the community patterns of diversity are similar 

overall. The Northern Gulf is characterized by low diversities and 

species number, slight species turnover, and generally even distribution 

of species abundance. Species number and diversity jumps abruptly once 

past the island channels and increases monotonically southward. The 

greatest seasonal differences are seen in the composition of the Gulf 

hyperiid assemblage. During periods of advection (June, August), the 

central and southern Gulf stations are dominated by a few species, 

shown earlier to be tropically derived. The highest diversity and number 

of species is always at the southenunost stations, and general1y at 

those that are the most oceanic in character. 

Significant changes in S I, species turnover, are seen to occur 

only at the predicted zonal boundaries, for all seasons and cruises 

studied here. Some cruised exhibit only one significant change 
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Figure 174. Diversity (H') and Evenness (J') of the Hyperiid community in 
August, 1957. 
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Figure 175. Species number and significant turnover (5 I) of the Hyped-
id corrununity in August, 1957. 



in S'; other cruises show more. In all cases, these significant 

changes occur only at locations predicted for this hypothesized 
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species barrier. These results are sufficient grounds to accept the 

hypothesis that gyral currents strongly shape the hyperiid distribution 

patterns in the Gulf of California. 

Biological Interactions 

Laval (1980) and others state that hyperiids are so closely 

assoc.iated with gelatinous zooplankton as to be indistinguishable from 

parasites, and cannot therefore be considered planktonic.. The conten­

tion is that their particular distribution within a region devolves to 

simply that of their host (Mad in and Harbison 1976). An obvious test 

of this hypothesis would be to compare byperiid and host distributions 

statistically for the degree of fit between them. Unfortunately, these 

data are not available for most of the potential hosts. and with the 

exception of the present study, the same is true of hyperiids. Quali­

tative comparison of distributions only matches dots on a map, and 

cannot serve to falsify with precision the null hypothesis that the 

two distributions are unrelated. 

The only data that I can find that represents the Gulf 

distribution of potential hyperiid hosts is Alvarino (1969). In this 

work she discusses the biology of selected siphonophores and medusae 

in the Gulf, only three of which are relevant to this discussion. From 
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associations reported in Table 21 (see below). a qualitative comparison 

of hyperiid-host distributions can be attempted. 

Figure 176 shows the distribution of Hyperioides longipes. 

and its hypothesized host. Lensia chaZZengeri. in the Gulf during the 

February and April CalCOFI cruises in 1956. Only two out of six posi­

tive stations for Hyperioides longipes fall within the regions where 

Alvarino found the presumed host. She was only able to report presence 

or absence of the siphonophores she studied since these organism do not 

withstand collection trauma well (pers. comm. 21 July, 1982). 

The siphonophore. Stephanomia bijuga. is known to be associ­

ated with two hyperiids. PCU'alyeaea hoylei and Tetrathyrus foreipatus. 

Casual examination of their distributions for the cruises used above 

shows absolutely no correspondence b-;.,tween "host" or hyperiid (Fig. 

177) . 

Finally, the medusan. Lirope tetraphyZZa, is reported from the 

literature to be associated with two other hyperiids. Pseudolycaea 

pachypoda and Lestrigonus schizogeneios. The former hyperiid did not 

occur in the CalCOFI samples for 1956. The distribution of the latter 

hyperiid does overlap a little with the medusan in February (Fig. 178). 

but, as in April, the greatest population densities and range are found 

far from the observed limits for Lirope tetraphyUa. 

If full data for the actual "host" distributions were avail­

able, these qualitative observations could be tested through multi­

variate regressions and an Analysis of Covariance. Since the data are 
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Figure 1 . The distributions of Lensia c:haZZengeri (shaded area) 
Hyperioides longipes (numbers) for February and April, 1956. 
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Figure 178. The distributions of Lirope tetraphylZ.a (dotted area) and 
Lestrigonus schizogeneics (lined areas and numbers) for February and April, 
1956. 



not available. another less direct method of analysis must be 

employed. 

If hyperiids known to be associated with the same species 
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of IIhost" significantly and recurrently co-occur t then their distri­

butions are significantly affected by their common factor. the host. 

Higher taxonomic groups of IlOOstl! (i.e. genus, family) may be employed 

to provide a sense of the association strength. For example. co­

occurring byperiids that are known from multiple species of the same 

genus of "host" have a more diffuse parasitic relationship than 

co-occurring hyperiids bound to the same species. 

Table 20 is a comprehensive list of the known "host for 

hyperiid species found in the Gulf of California. Distributional 

information for the "hosts has been abstracted from the literature. 

Because of the poor knowledge we have of Gulf plankton, positive records 

were extended to included the Eastern Tropical Pacific (sensu Zatu). 

The table includes a broad range of associations J from larval encyst­

ment to simple collection occurrence. Very few of these reports give 

much information about the association between hyperiid and proposed 

host. A typical reference is Agassiz (1892:52): 1I ••• [we found] a 

large Cystisoma parasitic on Do-u.oZ,um • •• II A few of the reports are from 

field observations J and do give rather detailed information about 

some relationships (Harbison's and Laval's studies are the best exam­

ples) • Even casual observation of the entries reveals that most 

hyperiids in this table have been found associated with a broad selec­

tion of hosts (to name a few, Hyperoche medusazrum# Bz>aahyscelus 



Table 20. Reported associations of hyperiids with gelatinous 
zooplankton. 
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Hyperiids are listed in taxonomic order of Bowman and Gruner 
(1973). Host phylogeny is given in Table 21. Presence of the host in 
the Gulf of California is designated by S. G, F. if it is known to 
occur here through species. genus, or family records respectively. 
Authorities for the host-hyperiid association ("AII) and host presence 
in the Gulf ("pI!) are listed by number and cited at the end of the 
table. 

HYPERIID HOST Presence A 

Lance-ola sayana Pelagia spp G 17 

Saina 7TIll1'ginata Hippodius hippopus 30 

Sphaeronectes graci lis 15 

VibiZ.ia azomata Ihlea punctata 30 

Pegea confoedera:ta 30 

Salpa !UBiformis 30 

Thalia democratiaa 30 

VibiUa ehuni CyaZosaZpa polae 32 

Salpa maxima 32 

VibiZia propinqua Pegoo eonfoederata 32 

Salpa cyUndriaa 32 

Sal-pa ma:d.ma 32 
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Table 20 (continued). Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

VibiZia stebbingi CyciLosaZpa poZae 32 

SaZpa fusitormis 32 

Satpa ma;z:ima 32 

VibLia viatm Pegea aonfoederata 32 

Pegea soow 32 

Sa'lpa cyUndPiaa 32 

SaZpa ma:x:ima 32 

Cystisoma spp DoUo'Lum spp 33 

Pamphronima Diphyes spp 31 
arassipes GaZeo"Lazoia spp 31 

Rosaaea aymbifomis 23 

HYPePoche martinezii Beroe fozoskaZia 30 10 

Be1'06 silva G 35 10 

BaUna hydratin.a G 30 10 

Hyperoahe medusarum Aurelia aurita 37 33 

Beroe fOl'skaZia 41 10 

Phi Zidium spp 45 33 

PLeUZ'Obraahia bachei 22 38 

PZeurobraahia paeus 21 10 

Polyorchis spp G 45 11 
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Table 20 (continued) • Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

Hype1'oahe medusarwn Sal'sia spp 45 33 
(continued) Tiaropsis 45 33 

Tima formosa 14 

LestrigonuB Eirene pyramidalis 23 
bengaZensis 

Lestrigonus Aequora spp G 23 
sahizogeneios Lampetia pcmcerina G 

Leuakartiara nobUis 28 

Lirope tetraphyUa 28 

PhiZidium spp 26 33 

Hyperietta stebbingi CoUozown Zongiforme 43 

Hyperietta Col'Lozown Zongiforme 43 
stephenseni Sphaerozoum spp 30 

Hyperietta luzoni CoUozoum Zongiforme 43 

ThaZassoxanthium spp 30 

Hyperioides Zongipes Chelophyes appendiculata 30 11 

Lensia conoidea 30 

DaireUa Zatissima Cunina vi trea 30 11 

Forskalia edJ.Jardsi 30 
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Table 20 (continued). Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

AnchyZomero Pyrosoma spp 36 38 
bZoBsevi"LZei 

Pztimno macropa Aby Zopsis tetragona 20 

P/tt>cmima bucephala AbyZa tl'igona G 18 

CIwZophye. appendiauZata 26 

Diphyes spp G 44 

SaZpa aspera 23 

Phronima curvipes AbyZopsis tetragona 23 

PhFonima pacifica Abylopsis tetragona 23 

SaZpa asperu 23 

Phronima seden:tCU'ia Pyrosoma attantiaa 29 38 

Sal-pa /usi-fomia 29 

Thalia demoaratica 29 

Lyaaeopsis Chelophyes appendiauZata 25 
themistoides Diphyes di-spar 23 

Diphyes spp 42 

Monophyes 42 

BrachysaeZuB Aequora spp G 23 
aruseulwn CoZZo20um Z,ongifo1'me 43 

CyaZosaz,pa affinis 30 



Table 20 (continued). Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

BraohysoeLuB Iasis zonaria 32 
crusauLum Leucwtiara octona 30 (continued) 

Pegea soeia G 32 

PZeurotrachia hippocampus S 32 

Salpa fusifoZ'll'lis 42 

SaZpa I1ICI:I:ima 32 

Thalia demoamtica 32 

B:mehyscetus Aequora spp G 23 
rapacoides Cavalirla ZongiPOstroa G 23 

Leuck.a.rtiara spp G 23 

O:rchistoma spp 23 

ParaZyoaea grucilis Agalma cZausi 23 

Agalantha spp 42 

SuLauleola:t>ia chuni 23 

SuZauZeoZaria manowa 23 

ParoZyaaea hoy Zei Stephanomia bijuga 23 

Su'LcuZeoZaria quadrivaZvis S 35 

Pa.:ra1-ycaea newtoniana SuZau'Leol.aria ehuni 23 

SuZcuZeo1"apia monoica 23 

SuZauZeoZaria qua.drivaZvis S 30 

EuprGnoe maauZata Satpa sPP. G 39 
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Table 20 (continued). Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

Eupronoe minuta AgaZ.ma eZegans 23 

Apo Zemia uvaria 23 

SuZauleoZaria quadrivalvis s 30 

Eupronoe spp Aequora spp G 23 

Agalma clc.v''Ji G 23 

Agalma okeni 23 

Athorybia roseacea 23 

Forskalia eclJ.,;al'dsi 23 

Forskalia thoUoides 23 

Lilyopsis l'osea 15 

Stephanophyes superba 23 

T'hamneus Pelagia nor:tiluaa G 23 
P Zatyrrhynahu5 

Pseudolyaaea Lirope tetraphylla 23 
pachypoda Pyrosoma atlantica 30 

PYl'osoma spp 16 

SaZpa spp 16 

Lycaea bovaUioide8 CoroUa speatabiZis 23 

CyclosaZpa pinnata 32 

Pegea confoede1'ata 32 

Pegea socia 32 

Lycaea naauta CycZosalpa ai'finis 32 
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Table 20 (continued) • Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

O:cyaephaZu8 clausi Ces"twn venel"l:s 24 10 

ColZozown longiforme 43 

Eu:rhamphaea vexiUigera 24 

Mnemiopsis mcaradyi 24 

Ocyropsis cristalUna 24 

OCYl'opsis mac:ulata 24 

Pegea socia 23 

Ptel'otruahea hippocampus 23 34 

Sa Lpa cy lind:J.>ica 32 

OxyaephaZus piscator Leua-othea multico:mis 18 

Mnemiopsis macrudyi 24 

Glossoaephalus Beroe ovata 30 10 
milneedJ.Jardsi 80 linopsis vi trea 23 10 

Cestum veneris 24 10 

Deiopea kaZoktensia 40 

Leucothea /1TUlticornis 24 

Simol'hynchotus GeI"jania proboseidalis 30 
antennarius 

Cranocepha lUB PZeurobr>achia spp 23 23 
sa Zel'oticuB 

cydippid larvae 24 10 

Rhabdosoma whi tei Bel'De spp 24 10 

PZatysceZus ovoides Aequora spp 36 



Table 20 (continued). Reported associations of hyperiids with 
gelatinous zooplankton. 

HYPERIID HOST Presence A 

Platy see lUB AgaZma eLegans 30 
serratulus 

Amphi thyrus Agalma elegan,s 23 
bispinosus 

Amphithyrus glabe" Agalma elegans 23 

Amphithyrus simiUs Chelophyes appendiaulata 23 

TetrathyT'U.s Agalma dausi 23 
foraipatus Stephanomia bijuga 23 

Thyropus edluardsi Agalma okeni 23 

Bathyphysa sibogae 13 

Diphyes dispar 23 

Forskalia tholiodes 23 

Thyropus simiUs Agalma okeni 23 

A thorybia luo.ida 12 

A thorybia roseaaea 23 

A thorybia spp 23 

Thyropus spaeroma Stephanophyes superba 23 

Thyropus typhoides ForskaZia edJiJardsi 30 

Schizoscelus ornatus Bathyphysa sibogae 13 
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Table 20 (continued). Reported associations of hyperiids with 
gelatinous zooplankton. 

REFERENCES 

Agassiz 1892 23 Harbison et aZ. 1977 

2 Alvarado 1955 24 Harbison at aZ. 1978 

Alvar1no 1964 25 Laval 1965 

Alvarino 1965 26 Laval 1968a 

Alvarino 1969 27 Laval 1968b 

Alvarino 1971 28 Laval 1972 

Berner 1967 29 Laval 1978 

Bigelow 1909 30 Laval 1980 

Bigelow 1911 31 La Bianco 1909 

10 Bigelow 1912 32 Madin and Harbison 1977 

11 Bigelow 1940 33 Manrique 1977 

12 Biggs 1978 34 McGowan 1967 

13 Biggs and Harbison 1976 35 Mueller 1864 

14 Bcwman et al. 1963 36 Risso 1816 

15 Carre 1969 37 Schellenberg 1942 

16 Chevreux 1892 38 Siegel-Causey MS 

17 Chevreux 1900 39 Spand! 1927 

18 Chun 1889a 40 Steuer 1911 

19 Chun 1889b 41 Stephensen 1923 

20 Daniel 1973 42 Stephensen 1925 

21 Evans and Sheader 1972 43 Swanberg and Harbison 1980 

22 Flores and Brusca 1975 44 Vosseler 1901 

45 Westerhagen 1976 
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apus(]ulum, OxyaephaluB alausi, GlOS8oaephaZus milneedzJardsi). Some of 

these hyperiids have even been found on different phyla of hosts! This 

broad preference transcends any reasonable definition of llparasite" 

(Price 1977). and suggests a relationship better described as substrate 

bound. 

Table 21 is Table 20 reorganized to show the potential 

co-occurring hyperiids on the same hosts. This information may be used 

to test the assertion that hyperiids are parasitically associated with 

gelatinous zooplankton. In other words, the only way a given hyperiid 

could be found in the Gulf of California. if it be a parasite, is that 

its host also occurs within the Gulf waters. Furthermore, hyperiids 

associated with the same host should be significantly associated with 

each other. Since their distribution within the Gulf would be depen­

dent upon the presence of their host. these hyperiids must either co­

occur (positive interaction). or partition the substrate and compete 

(negative interaction). The parasite hypothesis leaves no other 

alternative. 

If these species are not significantly associated, then the 

host-hyperiid relationship is not obligate. but facultative. To test 

this, the distribution of potential interacting hyperiids identified in 

Table 21 will be examined for significant associations among them. To 

quantify these associations. I will use multiway contingency tables of 

the form 2s , where s is the number of species examined simultaneously. 

Discussions on the use of this technique and log-linear models are 



Table 21. Potential co-occurring hyperiids. 

The data from this table is reorganized from Table 20. Host 
species are listed alphabetically within each taxonomic grouping. 

HOST 

Phylum CILIATA (RADIOLARIA) 

COU020'U1T1. Zongifozme 

SphaeP020ZDn. spp 

Phylum CNIDARIA (COELENTERATA) 

Aequora spp 

AupeZia aurita 

Cunina vi trea 

Eizoene pyramidalis 

GePyonia proboscidalis 

Leuaka.1'tiara nobiZis 

Leucwtiara octona 

IIYPERIID 

BrachysceZus cruscuZum 

BypeZ'ietta Zuzoni 

Hypmetta s-tebbingi 

HypePietta stephenseni 

O:cycephaZus aZausi 

Hypel'ietta stephenseni 

BrachysceZus c'PUBauZum 

BrachysaeZus rapacoides 

Eup:ronoe spp 

LestT'igonus sahi;wgeneios 

PZatysce"Lus ovoides 

Hyperoahe medusazwn 

Dail'eUa Zatissima 

Lestl'igonus bengaZensis 

Simorhynaho"tus antennarius 

Lestrigonus sahizogeneios 

BmchysceZu8 arus-tuZum 
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Table 21 (continued). Potential co-occurring hyperiids. 

HOST 

Leuckartiara spp 

Orchistoma spp 

Pelagia noetiZuca 

Pelagia spp 

Phia lidium spp 

PoZyorchis spp 

Sarsia spp 

Tiarops'i.s spp 

Tima formosa 

Phylum CNIDARIA (SIPHONOPHORA) 

Abyla trigona 

Abylopsis tetragona 

AgaZma tJ lausi 

HYPERIID 

Braahyseelus rapaeoides 

Braahysoelu8 :t'apaaoides 

Thamneus pZa:yrrhynohus 

Lanceo La sayana 

Hyperoehe medusarwn 

Lestrigonus schizogeneios 

Hyperoche medusarwn 

Hyperoahe medusarwn 

Hyperoche medusarwn 

Hyperoche medusarwn 

Phronima 00 lletti 

Primno maaropa 

Phronima ourvipes 

Phronima pacifica 

Eupronoe spp 

ParaZycaea graoiUs 

Tetrathy'Y'Us forciratus 
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Table 21 (continued). Potential co-occurring hyperiids. 

HOST 

AgaZma elegans 

Aga Zma okeni 

Agalantha uvaria 

Athorybia lucida 

Athorybia roseacea 

A thopYbia spp 

Bathyphysa sibogae 

ehe lophyes appendiculata 

HYPERIID 

Amphithyrus bispinosus 

Amphithyrus glaber 

Eupl'onoe minuta 

Platysc:elus serratu"lu8 

Eupl'onoe spp 

TetrathyX'Us edwardsi 

Tetruthyrus simi "lis 

Eupl'onoe minuta 

Thyropus simi lis 

Eupl'onoe spp 

Thyropus similis 

Thyropus simiZis 

Thyropus ew"ardsi 

Schizoscelus ornata 

Amphithyrus simiZis 

lIypeT'ioides longipes 

Lyeaeopsis themistoides 

PhronUna colletti 
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Table 21 (continued). Potential co-occurring hyperiids. 

HOST 

Diphyes dispazo 

Diphyes spp 

ForskaUa edzuazodsi 

F01'skaUa tho loides 

Galeolaria spp 

Hippopodius hippopus 

Lensia conoides 

Li lyopsis 1'0800 

Lirop. tetmphy Ua 

Monophyes spp 

Rosacea aymbiformis 

HYPERIID 

ThyropUB .dMardsi 

Lycaeopsia themistoides 

Lycaeopsis therttistoides 

Pamphronima cNssip6S 

Phronima coz. letti 

Dain t 1,a tati88ima 

Eupronoe spp 

Thyropus typhoid.s 

Eupronoe spp 

Thyropus .~dsi 

Paraphronima arassipes 

Scina marginata 

Byperioides Zongipes 

Eupl'onoe spp 

Lestrigonu8 8chizogeneios 

Pseudolycaea paehypoda 

Lyaaeopsis themistoides 

ParaphZ'onima eras8ipes 
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Table 21 (continued). Potential co-occurring hyperiids. 

HOST 

Sphaeroneetes gracilis 

Stephanomia bijuga 

Stephanophyes superba 

SulcuZeoZaria chwzi 

SuZCJuZeoZaria monoiaa 

SulauZeolaria quadrivaZvis 

Phylum CTENOPHORA 

Beroe forskalia 

Beroe ovata 

Beroe silva 

Beroe spp 

Bolina hydra tina 

Bo l inopsis 'Vi trea 

HYPERIID 

:Jaina marginata 

Pam lycaea hoy lei 

Tetrathypus forcipatus 

Eupronoe spp 

Thyropus sphaeroma 

Paralycaea gracilis 

ParaZyaaea newtoniana 

PaI'aZycaea gracilis 

Parulyaaea newtoniana 

Eupronoe minuta 

Pa:ralycaea hoy lei 

ParaZycaea newtonian 

Hyperoehe martinezii 

Hyperoche medusarwn 

GZossocephalus miZneedLJardsi 

Hyperoahe martinezi i 

Rhabdosoma whi tei 

Hyperoche martinezii 

Clossocephalus milneedMardsi 
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Table 21 (continued). Potential co-occurring hyperiids. 

HOST 

Cestwn veneP'is 

Deiopea kaZoktensia 

Eurhamphea vexi Z Ugera 

Leucothea muZtieornis 

Mnemiopsis mccradyi 

Ocyropsis cP'istaZZina 

Ocyropsis macuZata 

PZeurobrachia bachei 

PZeurobrachia piZeus 

PZeuroLrachia spp 

Phylum MOLLUSCA (THECOSOMATA) 

CavoZina Zongirostris 

Corolla spectabiZis 

Gleba cordata 

Phylum MOLLUSCA (HETEROPODA) 

Pterotraehea hippocampus 

HYPERIID 

GlossocephaZus miZneedL;ardsi 

Oxycepha lus c lausi 

GZossocephaZus milneedz,;ardsi 

Oxycephalus dausi 

GlossocephaZus milneedL;ardsi 

Oxycephalus piscator 

Oxycephalus cZausi 

Oxyeephalus piseator 

Oxyeephalus clausi 

Oxyeephalus clausi 

Hyperoche medusarum 

Hyperoehe medusarwn 

CranoeephaZus sclerotieus 

Brachyscelus rapacoides 

Lycaea bovaUioides 

Lycaea spp 

Brachyseelus eJ>Usculum 

Oxycephalus cZausi 
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Table 21 (continued). Potential co-occurring hyperiids. 

HOST 

Phylum UROCHORDATA (THALIACAEA) 

CyalosaZpa affinis 

CyoZosaZpa bakeri 

Cyc'losaZpa pinnata 

CyowsaZpa poZas 

DoLiolum dentiaulata 

Iasis zonana 

Ihlea p'UY/.Ctata 

Pegea bivaudata 

Pegea confoederata 

HYPERIID 

Brac"hysceZ,us aruacuZWTl 

Lyeaea nasuta 

Lycaea spp 

Lycaea bovaUioides 

Lycaea spp 

Lyaaea spp 

VibiZia chuni 

VibUia stebbingi 

Cystisoma spp 

BmchysaeluB aruaaulum 

Lycaea spp 

Lycaea spp 

VibiUa annata 

Lyaaea spp 

Lyaaea bovaUioides 

Lyaaea spp 

Vibilia annata 
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Table 21 (continued). Potential co-occurring hyperiids. 

Pegea eonfoederata 
(continued) 

Pegea socia 

Pyrosoma atlantica 

Pyrosom.a spp 

Sa lpa aspera 

Salra oylindrica 

SaZpa j'usiformis 

HOST HYPERIID 

VibiZia propinq.<a 

Vibilia viatrix 

BrachysceZus c!'Usculum 

Lycaea bovallioides 

Lyaaea spp 

Oxycephalus c'lausi 

Vibi lia viatrix 

Lycaea spp 

Phronima sedentaria 

Pseudo lycaea pachypoda 

Anchylomera blossevillei 

Pseudolycaea pachypoda 

Phronima eoUetti 

Phronima parJifiea 

Lyeaea spp 

Oxyeephalus elausi 

Vibilia propinqua 

Vibilia viatrix 

Brochy see lUB crucu lwn 

Phronima sedentaria 
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Table 21 (continued). Potential co-occurring hyperiids. 

Salpa fusiformis 
(continued) 

Salra maxima 

Salpa spp 

Thalia demoaratica 

HOST 

Traustedtia muZtitentacuZata 

HYPERIID 

Vibi Ua armata 

VibiUa stebbingi 

BruchyscelUB cruseuZum 

Vibi Ua ahuni 

Vibi Ua propinqua 

Vibi lia stebbingi 

VibiZia viatrix 

Eupronoe maculata 

BraahysceZus crusauZum 

Phronima sedentaria 

Vibi Zia armatum 

Lycaea spp 
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given in Fienberg (1970), Heckel and Roughgarden (1979). and Whittam 

and Siegel-Causey (1981). 
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Four groups of potentially interacting hyperiids were selected 

from Table 21 J and are identified in Table 22. These particular 

hyperiids were chosen because they were found in moderate densities 

within the Gulf. and have potential hosts positively documented to 

live there. The size of these groups were limited to four species 

(8 = 4. in the notation above), the largest number possible given the 

size of data set (Fienberg 1970). 

Group One is composed of four hyperiids knowu. to occur on 

CoUozown spp, a colonial radiolarian. These species are two con­

geners, Hyperietta stebbingi and H. stephenseni, a lycaeid, Braahy­

Boelus C'1'USC!uZwn, and an oxycephalid, O::r:ycephaZus dausi. Swanber~ 

and Harbison (1981) state that the genus Hyperietta is restricted to 

the tests of colonial radiolarians, and predict that species' distri­

butions are intimately bound to their hosts'. The other two hyperiids 

are very different in morphology, and are often found on other 

gelatinous zooplankton (see Group Two in this analysis). When the 

distribution of this group is compared through log-linear analysis, 

four 2-way interactions (all positive) between species were significant 

(Table 23). Three of these interactions are in a linked cycle between 

B. cruscuZwn, O. cZausi, and H. stebbingi (Fig. 179). The higher 

order (3-way) interaction is not significanL In other words, any of 

these three species were caught more frequently than expected whenever 



Table 22. Potential co-occurring hyperiids grouped for log-linear 
analysis. 

SPECIES CODE is a designation used for Table 23; groups were 
determined through the results in Tabie 21. 

GROUP 

HOST 
CoUoaown. Pegea SaZpa Chetophye. 

spp sooia fusiformis appendicutata 

SPECIES 
CODE 

A BrachysceZus BroehysceZus BrachysceZus Amphithyrus 
ePUBcuZwn Cl"UscuZum aruscu"Lum simi-Us 

O"Yoephatus 0"Yoaphatus Phronima Lycaeopsis 
eZausi eZausi sedentaPia themistoides 

Hyperietta Lyoaea VibiUa Hyperioides 
stebbingi bovaUioides armata Zongipes 

Byperietta VibiUa Vibitia Phronima 
stephenseni viatrix stebbingi buoaphata 
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Table 23. Summary of the log-linear models chosen for each potential 
group of co-occurring hyperiids. 

2 The letters represent hyperiid species as listed in Table 22. 
G represents the -likelihood-ratio statistic which is distributed as 

502 

a X2 with df calculated for each model. In this analysis, upper limit 
models were not derived. There were no negative interactions. See 
text for explanation. 

GROUP Models Fit If df 
(Positive) 

AB, AC, AD, Be 12.99 .0724 

AB, AD, BD, CD 13.24 .0665 

AC. AD, BC, BD 4.94 .6670 

AC, BC. BD, AD 13.81 .0546 



Group 1 

8. crusculum 

/\ 
H. ste.phe.nseni O. clausi 

/ 
H. stebbingi 

Group 3 

B. cruscul u m 

/\ '''m\7' 
P. se.de.ntOlria 

Group 2 

V. viatrix 

/\ 
L. bovallioides B. crusculum 

/ 
O. clausi 

Group 4 

A. similis 

/\ 
'"0"\ 7"'''''' 

P. buc.e.phal a 
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Figure 179. Graphical representation of species interactions in analysis 
groups. 
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two of them co-occurred; the effect was not enhanced when all three 

occurred together at the same collection station. In addition, B. 

erus{)uz,wn and H. stephenseni were also positively associated, but there 

was no such cycle of interactions among the other species. No signifi­

cant interaction was evident between Hypenetta stebbingi and Hyperietta 

stephenseni; that is, no evidence could be found to support competition 

for a substrate or restriction to the identical host. Therefore. there 

is no support for Swanberg and Harbison I 6 assertion that Hyperietta is 

restricted to the presence of colonial radiolarians, and their distri­

butions identical with the host's. 

Group Two is four byperiids found on Pegea socia, a common salp 

of the eastern Pacific. Two of these species were tested in the first 

group: BrachysceZus cruscuZum and OxycephaZus cZausi; the other two 

are a lycaeid, Lycaea bovaZZioides~ and a vibiliid, VibiZia viatri:J: 

(see Table 22). Using the first two species again is a good check on 

the validity of this technique. As expected from the first analysis, 

there is a significant positive interaction between them (Table 23). 

Vibi"lia viatrix is positively associated with both of these species in 

a cyclic fashion similar to that found with Hyperietta stebbingi in 

Group One. Similarly, the 3-way interaction 'Was not significant. In 

addition, Vibi"lia viatrix and Lycaea bovaUioides were positively 

associated, co-occurring more often than expected through chance (see 

Fig. 179). 

Group Three is four hyperiids known to occur on SaZpa fusifor­

mis, another common salp of the eastern Pacific (Table 22). These 
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species are Brachysoe1.uB cruscuz.wn again, two vibiliids, VibiZia aImlta 

and V. Btebbingi~ and a phronimid. Phr>onima 8ed.entaria. The latter 

species is of particular interest in this analysis. The outstanding 

feature of this family is the "houses" in which the females rear young 

and forage. Observations on their procurement of these houses from the 

tests of salps~ pyrosomes, etc •• leads many authorities to consider 

their association with gelatinous zooplankton to he trophic. rather 

than parasitic (Shih 1969). Log-linear analysis of the interactions of 

these species reveals a 4-cycle of associations among all four species 

(Fig. 179). BrachysCJeZus crusouz,wn significantly co-occurred with both 

vibiliids, but was not associated with Phl"onima sedentaria in any 

significant manner. VibiZia a:mrata and V. stebbingi were not associ­

ated either; there was no evidence of competition or co-occ1,lrrence. 

No higher order (3-way, 4-way) interaction was Significant. In other 

words, particular pairs of these species occurred together more fre­

quently than expected, but there were no significant triplet combinations 

found at any station. 

Group Four is four species reported to be found on the siphono­

pr ..Ire CheZophyes appendiauZata. They are the phronimid Phronima 

buaephaZa" and species of three other families: Amphithyrus simiZis" 

Lyaaeopsis themistoides" and Hyperioides Zongipes. Although they have 

been found on the same siphonophore species. their life histories may 

be quite different. Their gross morphologies are distinct: A. smZis" 

a platyscelid, is ball shaped; L. themistoides" a lycaeopsid. is fairly 
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elongated, the male with a distinctive wire-like 5th pereopod; H. longi­

pes is a typical hyperiid and P. bueephaZa is a representative member 

of its family, known for a distinctive eye structure and 5th pereopod 

chelae. Accounts from the literature and other sources (A. Fleminger, 

pers. comm. 7 IX 1982) suggest that these species very likely utilize 

different sites on the siphonophore host. Log-linear analysis (Table 

23) revealed a pattern of interactions similar to those shown in Group 

Three. The species in Croup Four were positively associated in a 4-

cycle; no higher order interactions were detected (Fig. 179). li. 

Zongipes and L. themi8toides~ and A. similis and P. bueephaZa did not 

demonstrate any significant pairwise interactions; otherwise, these 

four species co-occurred in significant pairs. 

In summary, all of the species in all of the groups showed some 

evidence of positive interaction with another hyperiid. No negative 

interactions were detected. The pattern of association within each 

group was one of two types: a 3-cyc1e with a single interaction (groups 

1 and 2). and a 4-cycle (groups 3 and 4). None of the species examined 

here had independent distributions within its group; that is, none of 

them significantly occurred alone from the group. These results would 

seem to indicate that hyperiids reported to occur on the same host 

co-occur significantly throughout the Gulf. In addition, it would 

appear that the hosts are quite stable substrates, for there are only 

two patterns of association (out of 16 possible) among hyperiids 

examined in this analysis. Therefore, the host-hyperiid associations 

must be affirmed. 
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However ~ the results would also seem to indicate the opposite 

conclusion. Since the host's distribution strictly determines that of 

its parasitic riders, co-occurrence among such byperiids should De quite 

strong. Given a triplet of hyperiids restricted to the same host. 

show1~g all possible pairs of inr.eractioDs among them, the higher-order 

interaction must be significant. In other words. if the host-parasitic 

relationship is a robust one, not only should pairs of the parasite 

byperiid species occur at the same stations, but all three species 

should co-occur significantly more than random. In this analysis, they 

don't. 

In addition, two groups with the same interaction pattern (group 

3 and 4) are reported from hosts quite divergent in structure and 

phylogeny (a colonial coelenterate and a urochordate). These groups 

were dissimilar in overall abundance and distribution in the Gulf. and 

composed of species with very different natural histories. In Group 

Thre.e. there is evidence for substrate partitioning; in Group Four, 

the evidence points to the opposite case, different species at the 

same site (Harbison et at. 1977, 1978). These considerations would 

seem to indicate that while some association is present. bet.ween host 

and hyperiid, it is not very important in the hyperiids' overall 

distribution. 

The results from this section. however intriguing, are incon-

elusive. They cannot by themselves prove or disprove the assertion 
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that hyperiids are strictly parasitic on other zooplankton. They do 

demonstrate the importance of gelatinous zooplankton to these hyperiids 

as some type of substrate and point to the probably facultative 

association among them. 

Precocial Forms. 

Table 24 list the species with precocially reproducing forms 

found occurring within the Gulf of California. Fage's (1960) extensive 

study of the family OXYCEPHALIDAE • in which most of these forms occur, 

established a strong relationship between their presence and warm 

temperatures. These neotenous forms generally were caught at the very 

margins of the parent species' distribution in a region. 

The Gulf patterns support his observations, and reinforce the 

impression that precocial forms are found in marginal habitats. These 

forms are always at the vanguard of the parent species I distribution 

in the Gulf. but are rarely persistent in occurrence (for example, 

results for OxyeephaZus dausi buZbosus in the Species Accounts). 

My data are not complete enough to determine whether these forms are 

environmentally induced from the typical form, or whether they are a 

true genetic form that achieves local dominance in transient conditions. 

The commonness of ecophenotypes in hyperiids (Hyper'ioides longipes: 

Thurston 1976, Parathemisto UbeUuZa: Wing 1976). and the presence 

here of parthenogenetic species (Rhabdosoma brevica:datum and R. 

minor) argues for either case. 



Table 24. Precocial species found within the Gulf of California. 

Hyperiid species 

Lycaeopsis neglecta 

Lycaeopsis pauli 

Eupronoe minuta 

Eupronoe pacifica 

Oxycephalus cZausi bulbosus 

Dxycephalus piscator bulbosus 

Calamorhynchus peZZuaidus 

Cranocephalus saZerotiaus 

GZossocephaZus milneedwardsi 

Leptocotis tenuirostris 

Rhabdosoma brevicaudatum 

Rhabdosoma minor 

Reproduction mode 

parthenogenetic (possibly) 

parthenogenetic (possibly) 

sexual 

sexual 

sexual 

sexual 

sexual 

sexual 

sexual 

sexual 

parthenogenetic 

parthenogenetic 
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CHAPTER 5 

DISCUSSION 

In many respects~ hyperiids behave like the other Gulf plankton 

reviewed in the Introduction. The location of the entrance of the Gulf 

at the Tropic. and the confluence of the California Current and Eastern 

Boundary currents in the vicinity of it provide an ample species source 

for potential colonization of the Gulf waters. It is clear that many 

of the boreal and cold-temperate species present in the Gulf derive 

from the California Current (for example. DaireZla caUfopniea~ Sc:ypho­

lanceola aestiva). Similarly, such species as Phronima eurvipes and 

Lyeaea nasuta are good indicators of strong equatorial flow into the 

Gulf. The relative importance of these zoogeographic groups of species 

will be broadly affected by climatic and current effects. 

As with tropical chaetognaths and euphausiids, tropically 

derived hyperiids both increase in frequency and extend further north 

into the Gulf as the waters warm in late spring and summer. There is 

additional evidence from species I distribution and from current 

patterns (Roden and Emilsson, in press), that northward advection of 

Panamic water into the Gulf occurs frequently, even seasonally. 

Summer warming of the extant water body and advection of tropical water 

can both enhance the dominance of tropical hyperiid species in the 

Gulf. 

510 



511 

A unique feature of the Gulf is the formation of Northern Gulf 

water through summer insolation. In winter, when this warm, saline 

water cools, it becomes very dense, and then sinks and flows out of 

the Gulf as Gulf Subsurface Water (Warsh et aZ. 1973) •• Some species 

are commonly found within the limits expected for this water type 

(for example. Lestl'igonu8 ".:a(!':.!'ophthalmu8~ ParaZy.eaea hoyZei) , but none 

are limited to it. The occurrence of many discrete types of hydro­

logically distinct bodies of water is a peculiar feature of the Gulf 

of California. 

As illustrated in Figure 25, the hydrography of the Gulf 

entrance shows a complex of water bodies derived from conditions 

within and without the Gulf itself. The Water Mass concept depends on 

both the process of formation and upon the stability of conditions 

preserved within such masses. In charting the upper Water Masses of 

the Pacific~ Sverdrup et az,. (1942: Fig. 209a) illustrate water bodies 

of immense range and volume. Conditions within the Gulf are character­

ized by flux and complexity; it is a mistake to confuse the Gulf 

entities with the water bodies found throughout the World Ocean. 

Mundhenke (1969) unfortunately did- exactly that. In his attempt 

to discern the relationship between euphausiid distributions and Gulf 

hydrography, he identified four Water Masses within the Gulf confines, 

coincidentally located within the zonal boundaries detailed earlier. 

Brinton's (1962~ 1967) studies of the Pacific euphausiids established 

good correspondences with the oceanwide distribution of many species 



and particular water masses. Mundhenke found no such correspondences 

in the Gulf. 

His evidence consisted of matching species occurrences and the 

location of water masses outside the Gulf. and then finding disagree­

ment among them inside the Gulf. For example, Brinton (1962) found 

Euphausia distinguenda to be strongly associated with Equatorial 

Subsurface Water throughout the Eastern Tropical Pacific. In the 
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Gulf. Mundhenke found it to be widespread, in several of his four 

postulated water masses, and not associated with anyone zone (po 105). 

Through such evidence he concludes that euphausiids are not distri­

buted by water masses. The strength and seasonality of the Gulf 

currents (Figs. 21 - 24). the miniscule areas he assigned for Gulf 

water masses (Mundhenke 1969: Fig. 8), and probable misidentifications 

(Brinton, pers. comm. 21 VI 1982), make his inability to find pattern 

in euphausiid distributions within the Gulf unsurprising. Brinton 

and Townsend (1980) should be consulted for a clear picture of the 

Gulf euphausiids. 

What is clear is that the complex hydrography of the Gulf waters 

above 200 m provides a diverse selection of potential planktonic 

habitats, often replicating conditions similar to those found in water 

masses outside of the Gulf. Instead of using meridional approximations, 

the actual station hydrography can be utilized for a precise view of 

the relevant plankton habitat. These data can provide considerable 

insight into individual species I biology. 
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The results of multivariate regression analysis using such data 

are mixed. Some of the results could be easily predic.ted from the 

species' natural history (Viblia armata and Lestrigonu8 bengalensis, 

for example), and only reinforce the empirical observations of broad 

tolerances to diverse hydrographic. conditions. In at least the six 

species studied. the concentration of dissolved oxygen played only a 

minor role in affecting the abundance of the species. Only in Prinmo 

bre7Jidens and Thyrorus edMardsi did [02] achieve much importance in 

the regression equation, but the fit between observed and predicted 

abundances was poor. Something other than station hydrography affects 

the distribution of these hyperiids in the Gulf. 

What waG also unexpected was the relative importance discovered 

for salinity in predicting species' abundances. Only in a few, rare 

occasions (Hurley 1955. Dick 1970) has this parameter been implicated 

of any relevance to plankt-)!'. distributions. at least within the 

narrow limits found here. Most studies reveal salinity to be unim-

portant (Brinton and Townsend 1980). In the Gulf, salinity probably is 

not an ultimate force affecting l,yperiid distributions. but very likely 

a reflection of a much more important influence upon the plankton 

cOlIlIllunity: the unique gyral currents. 

The unique topography of the Gulf allows the formation of an 

enormous standing internal wave powered by the tides. Its period is 

one-half the Lunar Fortnightly tide, and its amplitude is about 400 m. 

Coriolis force will produce a linked system of t.hree gyres below the 
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island channels. alternating in direction each week. The northern and 

southern gyres always rotate in the same direction. and opposite to the 

central gyre. Positive evidence for the existence of these gyral 

currents may be seen in the charts of the geostrophic currents given 

earlier (see especially Figs. 2le, 22c, and 24c). The gyral currents 

do not show up better because of the "snap-shotll nature of the cruise 

data, and the non-synoptic data collection. 

These gyral currents affect the upper water hydrography more 

than they will affect deeper layers. Conditions below 200 m are stable 

and conservative; ahove this, seasonal weather and climate affect the 

upper waters through insolation. upwelling, continental run-off. etc. 

These perturbations are directly modified by current systems, but of 

all the parameters ~ salinity is the most conservative (Sverdrup at at. 

1942) one studied here. Upwelling injection can boost the upper water 

oxygen concentrations rapidly through primary production, and upper 

water temperatures are strongly modified by continental effects in the 

Gulf. Salinity is affected slowly and usually on a much smaller scale 

than is temperature and salinity. Summer evaporation in the Northern 

Gulf does increase salinity values, but the effect is gradual and 

takes months to spread southward. However, strong forces such as 

currents and gyral systems structure the distribution of salinities in 

upper waters: the gyral effect upon salinity in the Gulf is best 

observed at the 10 m horizon in March, June, and August, 1957 (Figs. 

9, 10). 
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The above may explain both the very significant relationship 

between abundance and isohalines. as well as explaining the signifi­

cant breaks in connnunity diversity at the zonal boundaries. Even the 

most restrictive of statistical tests and interpretation lead me to 

acc.ept the physical existence of such gyres. and their biological 

consequences in tenns of the hyperiid community. But there remains 

another factor that will affect the particular distribution of hyperiid 

3.rophipods in the Gulf. 

The most fundamental potential perturbation of the hyperiid 

cOlllIl!unity is the biological interaction postulated between hyperiid 

species and I1hosts." Through the use of both qualitative and quanti­

tative methods, I can find little evidence to support the contention 

that hyperiid distributions are intimately bound to that of their 

hosts', and 0f identical spread and movement. The analysis on species 

interactions provided conflicting evidence concerning hyperiids as 

parasites. The results point to both free and parasitic existence in 

the water column; the conflict may be in the concept of hyperiids as 

parasites. 

Interphylal associations certainly exist. Many species depend 

upon encysting larvae into the tissues of coelenterates for nourish­

ment and protection (e.g. the family VIBILIIDAE). The family PHRONIM­

I IDAE utilize tunicate tests for the construction of brood shelters 

and foraging vessels. Other associations have been reported in the 

literature, but casual examination of Table 20 alerts our biological 

intuition that even if there be significant interactions between 



hyperiid and "host. II they probably are neither parasitic nor obli­

gate relationships. Even giving equal weight to every reported 

association from the literature, the breadth of hosts utilized by 

single species of hyperiid are staggering. Moreover, the natural 

history of the Order suggests that what are being reported are not 

parasitic relationships but substrate associations. 

516 

The entire order of Amphipoda 1s characterized by substrate­

bound associations: the Suborder GAMMARIDAE with the benthos and plant 

life; the Suborder CAPRElLIDAE with macropbyUc algae; the INGOLFIEL­

LIOAE with fossorial meios; and the HYPERIIDAE with gelatinous zoo­

lanktoD. The substrate needed by individual byperiid species seems 

well met by the gelatinous forms of zooplankton. As Pirlot (1932) 

points out. the transition to slow-moving, ubiquitous, cosmopolitan 

organisms was probably very easy from benthic or phytic habitats. The 

evidence here reveals that few hyperiids are restricted to narrow 

types of host-substrates. A possible explanation for the multiplicity 

of hosts is suggested by a few aspects of their natural history. 

In his seminal study of the PHYSOSOMATA. Vinogradov (1957) 

cluded from his extensive observations that hyperiids probably were not 

associated with any particular host species; instead, by changing hosts 

continually, they were able to maintain the same depth or location, or 

move throughout the water column as desired. Using their hosts as 

feeding or breeding substrates allows them to pursue a pelagic exis­

tence with the confines of being an amph::'pod. Only a few genera 
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within the order have successfully eliminated the need for substrates-

during the life cycle (for example, GAMMARIDAE: Cyphoearis, Synopia; 

HYPERI IDAE; Primno~ Parathemisto). In summary. if hyperiids are not 

truly planktonic because of their associations with other organisms, 

they in fact behave as if they were, From the data presented here, 

it is clear that the associations reported from the literature. and 

discussed by Laval. Harbison, and others, are better described as 

trophic rather than parasitic. 

Conclusions 

The distribution of the hyperiid community within the Gulf of 

California is shown here to be affected by a hierarchy of forces. some 

of 'Which are unique to the Gulf. Hyperiid amphipods serve as good 

indicators of the zooplankton community as a whole since the group is 

speciose, reflecting a diversity of life histories, and ubiquitous. 

Moreover, they are unconnnon in the water column: it is easier to detect 

large scale community patterns as species drop in and out of zooplank-

ton community than to establish significant changes in immense 

populations. 

The physical location of the Gulf on the Tropic of Capricorn 

with waters extending into temperate regions and the nearby confluence 

of the Southern California Current and other Eastern Boundary Currents 

provide the conditions for an ample source pool of hyperiids able to 

colonize the Gulf. Seasonal advection of tropical water. climatic and 

continental effects modify the upper waters into diverse habitats 
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potentially replicating conditions found outside of the Gulf. A linked 

system. of gyral currents further structure the Gulf waters into stable. 

recurring habitat zones. 

The most basis force that will structure the hyperiid community 

are the postulated biological interactions between hyperiid and "host." 

Through various qualitative and quantitative tests devised here, I can 

find little evidence to support the assertion that hyperiids are 

parasitic on gelatinous zooplankton. Instead, the analytic results 

and basic natural history establish that although most hyperiids 

require substrates for foraging, reproduction, etc •• they behave as 

other zooplankton. selecting suitable conditions for existence. The 

richness of the species source pool for the Gulf. the diversity of 

pelagic habitats created by unique oceanographic processes, and an 

plentiful source of substrates and food structure the hyperiid 

community into one of the most diverse in the World Ocean. 
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