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with the 10 @m isohaline of 35.00/00. 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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Figure 116. The Gulf distributions of Lycaea serrata for 1956 and 1957.
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Brachyscelus Spence Bate, 1861

Species Key to World Brachyscelus

Ul protopoda subequal in length to rami..

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

«Brachyscelus lycaeoides

P7 basis shorter than following segmentS....c.eveeecescananss3d

P7 basis longer than following segmentS.....ceeeeeceveeneasadd

Pl carpal projection equally wide as long, less than 1/6 X
length of propus; dactyl less than half the length of propus...

«uee...Brachyscelus atlantideus

Pl carpal projection longer than wide, greater than 1/3 X
length of propus; dactyl greater than half the length of

PLOPUS .4 evnennreasnnanann N Brachyscelus rapazx

Telson wider than long..

Telson longer than wide............... teeeetsierecanennn ceeesb )

P7 basis 2X long as wide; P5 basis less than 1.5X long as wide;
telson concavely produced.......... . -Brachyscelus macrocephalus
P7 basis 3X long as wide; P5 basis greater than 2X long as

wide; telson terminally convex..... « v e.Brachyscelus bovalli



8(7)

9(7)
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Telson terminally coOnVeX.....eeoeesenn tecessvcesersccnne eeceed

Telson terminally concave.. . .Brachyscelus acuticaudata

Pl propus is less than 2X length of dactyl....

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

U2 endopod is 2X length of protopoda, exopod equal in length to
protopoda; P6 merus distally broadened..Brachyscelus rapacoides
U2 endopod is equal in length to protopod, exopod much longer
than protopod; P6 merus normally tapered.........eeveeeeeeenns

veseseenena..Brachyscelus erusculum

Pl carpus less than 2X wide as long; propus about 2.5X length

of dactyl; P5 basis much less than 2X long as wide.....eeveuns
ceress «eeee..Brachyscelus globiceps

Pl carpus greater than 2.5X wide as long; propus 3X length of

dactyl; PS5 basis about 2X long as wide...Brachyscelus antipodes
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B lus acuticaudat Stebbing, 1888

Stebbing 1888:1555, pl. 197c

REMARKS :

Until the genus Brachyscelus 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. 118c¢).
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Figure 118. The Gulf distributions of a) Lycaea bajensis, b) Lycaea nasuta,
and c¢) Brachyscelus acuticaudata.
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Brachyscelus crusculum Spence Bate, 1862

Brachyscelus crusculum
Spence Bate 1862:333

Stebbing 1888:1544

REMARKS :

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)
found 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 Bahia Agua Verde in the Gulf
of California.

Brachyscelus crusculum was uncommon in the Gulf of California
(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 35.20/00. The pattern does
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not change with seasons. The extension of this species into the Gulf
seems determined by the position of the 35.1°/oo isohaline at 10 m,
for they track 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 Brachyscelus crusculum for 1956 and
1957.
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Figure 120. The Gulf distributions of Brachyscelus crusculum for 1957 and
1974.
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Brachyscelus globiceps Claus, 1879

Brachyscelus latipes

Stebbing 1888:1550
Brachyscelus globiceps

Claus 1879:36; 1887:59

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

REMARKS :

This uncommon species is widely distributed throughcut 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.

Brachyscelus globiceps was common in the Gulf (12:100:1; ROA
20), occurring in all but one of the CalCOFI cruises (Figs. 121, 122).
Slightiy 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°/,, and an upper limit of
35.3°/60 to salinities recorded at positive stations. The seascnal
invasion of the Gulf by this species seemed strongly determined by
the position of the 35.2°/,, 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 121. The Gulf distributions of Brachyscelus globiceps for 1956
and 1957.
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Figure 122. The Gulf distributions of Brachyscelus globiceps for a), b)
1957 CalCOFI cruises, and c) non-CalCOFI cruises.
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7 lus rapacoides h 5 1925

Brachyscelus rapacoides
Stephensen 1925:179

Pirlot 1930:76; 1939:47

REMARKS :

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.

Brachyscelus rapacoides was uncommon 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 tangé of tempei:atutes and salinities
to fall within the limits expected for Tramsition B and Gulf Surface
and Subsurface Water. The rangé of temperatures and salinities is
quite 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 123. The Gulf distributions of Brachyscelus rapacoides for 1956
and 1957,
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Figure 124. The Gulf distributions of Brachyscelus rapacoides for 1957
and 1974.
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Pseudolycaza Claus, 1879

Pseudolycaea pachypoda Claus, 1879

Pseudolycaea pachypoda
Claus 1879:41; 1887:64

Pirlot 1928:138; 1939:43

REMARKS :

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 1l specimens (listed as Paralycaea pachy-
poda) in the Central Pacific Gyre.

Pseudolycaea pachypoda was very rare in the Gulf waters

(1:2:0; ROA 89%), occurring only in two CalCOFI tows (Fig. 132a,b).
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Thammeus Bovallius, 1887

Thameus platyrrhynchus Stebbing, 1888

Thameus rostratus

Bovallius 1887:31

7

E platy

7 7,

Bovallius 1890:19
Euthamneus recurvirostris
Chevreux 1900:154
Thammeus recurvirostris
Chevreux 1935:197
Thameus platyrrhynchus
Stebbing 1888:1558

Barnard 1932:293; 1937:191

REMARKS :

This species is relatively uncommon, 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).

Thammeus platyrrhynchus was relatively common in the Gulf

waters (8:73:7; ROA 24), oeccurring 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 35.20/00. There was little

correlation between isopleths of any parameter and the distribution of

this species. Moderate b of Th platyrrh hus were found

in a few midwater tows.
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Figure 125. The Gulf distributions of Thammeus platyrrhynchus for 1956
and 1957.
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Figure 126. The Gulf
1965, and 1974.

distributions of Thammeus platyrrhynchus for 1957,
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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......eee.ee. 2

Double urosomite is less than 3X long as wide...... [P |

P7 with all segments PreSeNt......eveeessecnsssenenns Leptocotis

P7 reduced to basis with few segments........ «vevees.Rhabdosoma

Rostrum rounded OF abSent..eeeecereroncesnssecasosconcsonnn eodh

Rostrum Pointed..eeesereieniiennnsererenronscansssncennnns veedS

Body compact; Pl simple; P2 subchelate; P5 and P6 normally
Produced..seeeciiereeniennnnenns Ceeeeeens v eveeesSimorhynchotus

Body slender; Pl and P2 chelate; P5 and P6 paddle~like.........

et « e« .Glossocephalus
U2 and U3 endopoda not fused with protopoda..........cveeeeansb
U2 and U3 endopoda fused with protopoda...... P Ozycephalus

Pereon segment 5 with posteriorally pointed process; P5 - P7
with pit-like glands.......cveveurann P Cranocephalus
Pereon segment 5 without such processes; P5 - P7 without such

glands. . ..Streetsia




0: halu Milne-Edwards, 1830

P

Species Key to Gulf of California Oxycephalus

— Lateral edges of pleon smoothly produced......eeceeeseronnss

veveseeeneee. . Oxycephalus piscator

-- Lateral edges of pleon produced into a sharp tooth..........

..... vessesensn.Ozycephalus clausi
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Oxycephalus clausi Bovallius, 1887

Oxycephalus claust
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 femelles precocés se distinguent égalemer.t de celles dont
la maturité est plus tardive par leur téte plus globuleuse,
rappelant, en moins accentué, celle de la forme bulbosus de
1'0xycephalus piscator...
(p. 21)
These precocially mature forms generally occurred highest in the water
column, even ascending to the surface:
On voit, de plus, que les deux formes sont & peu pr2s égale-
ment bien représentées dan les 30 premiers metres, alors que
plus profindément, vers 150 m, c'est la forme typique qui
domine. Nous n'avons pas trouvé de femelles ovigdres de la
forme précoce au-dessous de 125 m...
(p. 24)

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

temperatures are above 24°C, conditions usually met with in Tropical
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regions. In fact,

...tl faut rappeler que la forme precoce, qui n'a ete ren-

contree que dans le Golfe de Panama, dan 1'Indo-Malaisie

et dans 1'Ocean Indien est beaucoup plus strictement

equatoriale...

(p. 25)
In general, the development and presence of precocial forms is related
to the situation for Oxycephalus piscator bulbosus discussed later.
Oxycephalus claust 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,
Ozycephalus 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 Oxycephalus clausi typicus for
1956 and 1957.
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Figure 128, The Gulf distributions of Oxycephalus clausi typicus in 1957,
1959, 1968, and 1974.
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Figure 129. The Gulf distributions of Oxycephalus clausi bulbosus for
1957.
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Oxycephalus piscator Milne-Edwards, 1830

Ozycephalus bulbosus
Streets 1878:280
Oxycephalus piscator
Milne-Edwards 1830:396

Fage 1960:14 (synonymies and distributions)

REMARKS :

Ozxycephalus piscator is relatively uncommon, yet widely distri-
buted in the Tropical and Subtropical regions of the World 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). 1In the South China Sea, Sudara found this species in salini-
ties ranging between 31.6%/00 and 35.9°/00 and temperatures between
15.5° - 30.1°C. Streets (1878) described a new species from the central
Pacific, Ozycephalus bulbosus, closely allied to Oxycephalus piscator,
lt:ut 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-
cocial form of the nominal species. Oxycephalus pisecator bulbosus is

morphologically distinct from the typical form in size and cephalic
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dilation; in addition, the double urosomite is of neotenic form:

L'ensemble des segments 2 et 3 de 1'urosome fait environ
une fois et demie la longueur du telson; celui-ci est
proportioneilement un peu plus court chez les femelles
de la forme bulbosus, chez lesquelles 1'extrémité de la
rame interme des uropodes 1 arrive au niveau de la pointe
du telson ou la dépasse légerement...

(p. 17)

These precocially mature forms are restricted to the upper layers of
the water column; whether by choice of warmer temperatures or through
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:

...2l n'est pas douteuzr que la forme bulbosus, de méme que

les jeunes individus, sont plus fréquents dans les couches

superficielles...les deux formes de cette espce sont surtout

et également bien représentées jusque vers 50 m profondeur.

Au-deld, la forme bulbosus se raréfie, tandis que la forme

typicus se maintient jusqu'a 100 m de profondeur...De ces

constatations, 1l se dégage que les formes d'Oxycephalus

piscator pewvent prospérer dans les eaux chaudes de Océans;

mats que la forme bulbosus, cette petite forme & maturité

précoce, ne semble pas pouvoir se maintenir dans les eaux

a plus faible température...

(p. 19)

Oxycephalus piscator was relatively uncommon in the Gulf
(10:46:0), 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. 130). 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.
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Ozycephalus piscator typicus never achieved much dominance in the
Gulf and never penetrated far into the Gulf waters.

Ozycephalus piscator 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 common 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
piscator bulbosus preferred water exclusively similar to Subtropical
Surface Water of higher temperatures. Comparison between the two
forms shows that typicus prefers water below 35.0°/,, and 22°C at 10 m;
bulbosus selected water always in excess of 35.1°/,, and above 24°C at

10 m.
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Figure 130. The Gulf distributions of Oxycephalus piscator typicus in
1956 and 1957.
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The Gulf distributions of Oxycephalus piscator bulbosus.

Figure 131.



341

Calamorhynchus Streets, 1878

Calamorhynchus pellucidus Streets, 1878

Calamorhynchus pellucidus
Streets 1878:285

Fage 1960:31 (synonymies and distribution)

REMARKS ¢

This species is uncommon, but is widely distributed throughout
the World Ocean (Dick 1970:69); the available information from the
literature suggests a wide tolerance for conditions ranging from Equa-
torial to Cold-temperate (Fage 1960, Thurston 1976:438). Calamorhynchus
pellucidus occurs primarily in the O - 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 pellucidus was found in the
Gulf of California, a female 12.5 mm long with well-developed o&stegites
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 Pacifiec.
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Figure 132, The Gulf distributions of a), b) Pseudolycaea pachypoda, and
c) Calamorkynchus pellucidus.
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Cranocephalus Bovallius, 1890

Cranocephalus scleroticus (Streets, 1878)

Cranocephalus scleroticus

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 ZSOC, but
more importantly, salinities above 35.0°/oo at the 150 m horizon,
conditions well met in the Gulf.

C'est donc seulement dans 1'W.-Indien qu'a 150 m de profondur

se trouve la salinite superieure a 35.0° /oo qui constitue un

mileu favorable pour cette espece. C'est la, sans doute, un

des facteurs qui permet au Cranocephalus de pénétrer et de se

reproduire plus profundeément dans 1'W.-Indien que dans les

parties adjacentes de cet Océan. De tous ces fait et de ceux

rappelés plus haut, on arrive a conclure que la salinité joue

wn role important dans la biologie et la répartition verticale
de cette espéce...(p. 79)
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Cranocephalus scleroticus was very rare in the Gulf waters
(0:1:1; ROA 89%), 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.
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Glossocephalus Bovallius, 1887

7, halus mil dwardsi Bovallius, 1887

Gl halus mil dvardsi

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-
logical analysis of the positive stations in the Indian Oceans reveals
that a 200 m the salinities are between 35.0°/00 and 35.50/00; tempera-
tures are always above 19°C. "Ces caractéristiques hydrologiques sont
peut-8ire de nature & expliquer la raveté relative de cette 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-edwardsi Bovallius, 1879, an invalid designa-
tion). It apparently has been collected from the California current

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

G phalus mil ardsi 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.



347

5706

5704 |d

5604

.milneedwards

05602|c

5706 |b

C.scleroticus

Figure 133. The Gulf distributions of a) Cranocephalus scleroticus, and
b) - d) Glossocephalus milneedwardsi.
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Leptocotis Streets, 1877
Leptocotis tenuirostris (Claus, 1871)

Leptocotis spinifera
Streets 1878:137
Shulenberger 1977:379
Leptocotis tenuirostris

Fage 1960:37 (synonymies and distribution)

REMARKS :

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

Malgré la large tolérance du Leptocotis tenuirostris cux
variations de salinité et de température, on doit admettre
que des températures inférieures & 18.5 environ et des
salinités voisines de 37°/00 ou supérieures caractérisent
wn milieu dé favorable & son établissement en permanence,
et contribuent ainsi & limiter sa répartition géographique
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%/00 - 35.9°/oo and temperatures

of 20° - 30°c.
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Leptocotis tenuirostris 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°/,, to

34.7°/0. 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

Exopoda of U2 and U3 are rudimentary; one accessory tooth on

Pl and P2 carpus, posterior edge.. «...Rhabdosoma armatum
Exopoda of U2 and U3 well-developed; no accessory tooth on

posterior edge of Pl and P2 carpus............Rhabdosoma whitei

Telson at least as long as half the length of the double
urosomite; telson extends beyond U2............Rhabdosoma minor
Telson much shorter than half the length of the double uro-

.Rhabdosoma brevicaudatum

somite; telson extends beyond U2...
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Rhabdosoma. armatum (Milne-Edwards, 1840)

Rhabdosoma armatum
Fage 1960:88 (synonymies)

Brusca 1973:23; 1981:12

REMARKS:

This species is not comoﬁ, 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
South China Sea, Sudara found this species restricted to the surface
layers in salinities between 33.5°/,, and 34.6°/,, and temperatures
between 17° 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°/,, 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
m; salinities ranged as high as 35.2°/,,. Since the collections were
by oblique tows to 140 m, it could be that individuals from stations

with high salinities were dwelling deeper, where the salinities are low.
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Figure 134. The Gulf distributions of a) Leptocotis tenuirostris, and
b) - d) Rhabdosoma armatum.
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Rhabdosoma whitei Spence Bate, 1862

Rhabdosoma whitel
Fage 1960:97 (synonymies)

Zeidler 1978: 36

REMARKS :

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), becoming quite uncommon in the central oceanic
regions (Brusca 1973:23, Shulenberger 1977:379). Rhabdosoma whitei 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 statioms,
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 exczeded 80 mm, 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 whitei 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 135. The Gulf distributions of Rhabdosoma whitet in 1956 and 1957.




356

7407

5708 d

5706 | c

5704 |b

(U A b P B
Figure 136. The Gulf distributions of Rhabdosoma whitei in 1957 and 1974.
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Rhabdosoma brevicaudatum  Stebbing, 1888

Rhabdosoma brevicaudatum

Fage 1960:104 (synonymies and distribution)

REMARKS :

This relatively uncommon 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:fig. 79, Shulenberger 1979:379, Repelin
1972:52), and much more frequently encountered on the 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.

...1l est remarquable en tout cas que sa tolerance pour les
fortes salinites et son eurythermie relative...il atteint
peut-etre la les limites de sa tolerance et ce pourratent
etre Zes hautes temperatures (28°C) et les basses salinites
(34.5%/00) qui caracterisent les regions equatamales de
L'W.-Pacifique qui font obstacle a sa penetration dans
L'0cean Indien.

(Fage 1960:107)

Rhabdosoma brevicaudatum was rare in the Gulf (0:10:0; ROA
63), occurring only at night, and only at stations where the 10 m
salinities exceeded 34.7°/00 and temperatures were less than 27%
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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Figure 137. The Gulf distributions of Rhabdosoma brevicaudatum.
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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.

Rhabdosoma minor is rare in the Guli waters (0:6:2; ROA 68%),
occurring only in the warmest of the CalCOFL 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 °/oo and 15° - 30°C. This precocially mature, partheno-
genetic species does not seem to be as sensitive to high salinities as
is Rhabdosoma brevicaudatum, 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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Figure 138. The Gulf distributions of Rhabdosoma minor.
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Simorhynchotus antennarius 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, Simorhynchotus antennarius 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.

Simorhynchotus antennarius 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°/,, 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°/,,, the northern boundary stations
with about 35.§°/,,. 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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Figure 139. The Gulf distributions of Simorhynchotus antemnarius in 1956
and 1957.
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Figure 140. The Gulf distributions of Simorhynchotus antemnarius in 1957,
1959, 1965, and 1968.
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Streetsia Stebbing, 1888

Species Key to Gulf of California Streetsia

Length of telson is subequal in length to double urosomite;
pereon is subequal tO PleON...eeevervocrocensenssnrossosnnesl
Length of telson is greater in length than double urosomite;

pereon is longer than pleon.............Streetsia challengeri

Lateral organ is present on each pleonite; Ul and U2 are
subequal; pleonite 3 has strong spine...Streetsia mindanaonis
Lateral organ is absent; U2 is much smaller than Ul; pleonite

3 has no Spine..eceeveuvirnnnnannansa.. . Streetsia steenstrupt
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Streetsia challengeri Stebbing, 1888

Streetsia pronoides
Hurley 1956:19
Brusca 1965:74
Streetsia challengeri
Fage 1960:51 (synonymies and distribution)

Brusca 1967:387; 1973:21

REMARKS:

This species is very common and widely distributed throughout
the World Ocean, showing a definite bias towards tropical regions
(Dick 1970:74). 1In 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° - 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 be abundant in British
Columbian-Alaskan waters, and Fage reports other records above 41°N.
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 challengeri 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

in August. Both for station hyd phy and the 1 progression

of isohaline placement, this species seems strongly limited by salini-
ties less than 35.0°/o, 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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Figure 141. The Gulf distributions of Streetsia challengeri in 1956 and
1957.
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Figure 142. The Gulf distributions of Streetsia challengeri for the
remainder of 1957.
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Streetsia mindanaonis (Stebbing, 1888)

Streetsia mindanaonis

Fage 1960:45 (synonymies and distribution)

This distinctive species is rarely encountered, but collec-
tions have been 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 (Fage
1960) , but Shulenberger (1977:379) found one male in the Central
Pacific Gyre. In the western South Pacific, it seems distributed at
the 100m isotherm of 24°C or warmer, and sensitive to high salinities;
Sudara (1971:450) found it within very narrow environmental ranges ’
(34.1 = 34.5°/003 21° = 24°C).

Streetsia mindanaonis was rare in the Gulf waters (4:9:0;

ROA 59%), occurring only in the warmest CalCOFI cruises (fig. l43a,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°/,,. 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°/o,.
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Streetsia steenstrupi Bovallius, 1887

Streetsia steenstrupi

Fage 1960:42 (synonymies and distribution)

REMARKS:

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°/,,) and temperatures
(15° - 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°/,,), and is
commonly found throughout the Eastern Tropical Pacific.

Streetsia steenstrupi was very rare in the Gulf (1:2:0; ROA
89%), and was the rarest of this genus here (Fig. 143c,d). It never
penetrated the Gulf very far north, and occurred only in the surface
tows at night. Hydrological analysis of the few stations available
shows a strong affinity by this species to Subtropical Water less than’

35.1°/,, and warmer than 23°C in the upper 10 m.
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Figere 143, The Gulf distribations of &), b) Sireetsia mindanaonis, and
¢), d) Streetsia steenstrupti.
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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..eeseececceerscecencccescssecnneansl

Pl and P2 have no subchela between dactyl and propus........3

Pl and P2 have pointed carpal processes; P6 basis has semi-
circular fiSSUT@...ceeesresnecsvesnsnsnensennnsss Amphithyrus
Pl and P2 are without carpal processes; P6 basis has no

FiSSUr@.etvesnccnsscscrsssncccnnrncnsneceneessessTetrathyrus

Pl and P2 are chelate; P2 has carpal process about as long

aS PrOPUS..seeeesans teestestecacnanas ceteecscrentaanne Fp—

Pl is simple; P2 has short carpal process.. « .Paratyphus

Pl c;rpal process is subequal to propus...........Platyscelus

Pl carpal process is much shorter than propus......Hemityphis
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Platyscelus Spence Bate, 1861

Platyscelus serratulus Stebbing, 1888

Platyscelus serratus

Spence Bate 1861:4; 1862:330
Eutyphis serratus

Claus 1879:11; 1887:37
Platyscelus dubius

Shoemaker 1925:51
Platyscelus serratulus

Stebbing 1888:1470

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

REMARKS :

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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Platyscelus serratulus was relatively common in the Gulf
waters (17:57:16; ROA 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 night 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°/,,. The distribution pattern tracks well
with this 10 m isohaline, especially in August, 1957. At this time,
thére was a gyral salinity maximum mid-Gulf; Platyscelus serratulus
was abundant in the waters around it, but absent within it. Since
this species lives high in the water colummn, it is not surprising that
oxygen tensions in the Gulf had little effect on this species's distri-

bution.
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Figure 144. The Gulf distributions of Platyscelus serratulus in 1956 and
1957.
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The Gulf distributions of Platyscelus serratulus in 1957,

1968, and 1974

Figure 145.
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Amphithyrus Claus, 1879

Species Key to Gulf of California Amphithyrus

ceesransedl

Telson tapers to a point...ceeeeeoess

Telson is broadly rounded............Amphithyrus sculpturatus

P5 epimeral plate with one large Spin€.....ieeeevececereanons
vevenseneses Amphithyrus bispinosus

P5 epimeral plate has no such spine.......Amphithyrus similis



379

Amphithyrus bispinosus Claus, 1879

Amphithyrus bispinosus
Claus 1879:15

Shoemaker 1945:259

REMARKS:

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 (Repelin 1972:52; Shulen-
berger 1977:379).

Amphithyrus bispinosus 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°/,, 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°/,,. 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 Amphithyrus bispinosus in 1956,
February, 1957, and 1959.
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Figure 147. The Gulf distributions of Amphithyrus bispinosus in a) April,
b) June, and c¢) August, 1957.
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Amphithyrus sculpturatus Claus, 1879

Amphithyrus orientalis
Stebbing 1888:1485
Shoemaker 1925:58

Amphithyrus glaber
Spandl 1924: passim

Amphithyrus sculpturatus
Claus 1879:16

Stephensen 1925:226

REMARKS :

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 Amphithyrus sculpturatus because of the great variability
of some specific characters, and the limited understanding of its
biology.

Amphithyrus sculpturatus was relatively uncommon in the Gulf
waters (14:62:7; ROA 26), occurring in all of the CalCOFI 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°/,, were rare; temperatures ranged to 31°C.
The spread of this species into the Gulf was tightly deline-
ated by the 34.9°/,, isohaline at 10 m to the south and the 35.3%/,,
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 Amphithyrus sculpturatus
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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Figure 148. The Gulf distributions of Amphithyrus sculpturatus in 1956
and 1957.
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Figure 149. The Gulf distributions of Amphithyrus sculpturatus in 1957
and 1965.
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Amphithyrus similis Claus, 1879

Amphithyrus similis
Claus 1879:16; 1887:42

Shoemaker 1945:259

REMARKS :

The identity of this species is closely tied to that of
Amphithyrus sculpturatus; 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 exclu-
sively from Subtropical regions (Dick 1970:78), and has rarely been
found in the Pacific. Shulemberger (1977:379) found a moderate number
from the Central Pacific Gyre. Other records may exist under specimens
identified as Amphithyrus sculpturatus. 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.

Amphithyrus similis 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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Figure 150. The Gulf distributions of Amphithyrus similis.
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Hemityphis Claus, 1879

Hemityphis rapax (Milne-Edwards, 1830)

Hemityphis tenuimanus
Claus 1879:12
Shulenberger 1977:379
Hemityphis crustulum
Claus 1879:13
Hemityphis crustulatus
Claus 1887:39
Walker 1909:53
Hemityphis rapax
Pirlot 1930:37 (synonymies)

Barnard 1930:437; 1932:298

REMARKS:

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 waters as neritic (Repelin 1972:50, Shulenberger 1977:379).

The available data from the literature strongly supports Thurston's
(1976:443) contention that this species is epipelagic, occurring usually

above 100 m.
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Hemityphis rapax was very rare in the Gulf (0:2:0; ROA 98%),
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°C at 10 m) and moderate salinities (34.6 - 34.7°/.0).

Both stations were from night tows.
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Paratyphis Claus, 1879

Species Key to World Paratyphis

(Gulf species are marked with an asterisk)

basis has a small fissure...cceeiereerineniccnnercccnnnes

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

consists of basis and 2 appendageS.....ceeeesrecaanaaassd

consists of basis and 1 appendage...Paratyphis promontorii

carpal process is smooth.............*Paratyphis maculatus

carpal process is pectinate..............Paratyphis parvus
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Paratyphis maculatus Claus, 1879

Paratyphis maculatus
Claus 1879:14

Shoemaker 1945:259

REMARKS :

This species is relatively uncommon, widely distributed in
temperate and subtropical waters, and biased towards cooler water
(Dick 1970:78). It is rare in the Pacific: most of the records here
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).

Paratyphis maculatus was found only once in the Gulf: a mature

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

Paratyphis claust

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 spinosus was rare in the Gulf (1:4:2; ROA 72),
collected 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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Figure 151. The Gulf distributions of Paratyphis spinosus.
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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.cusvsererarercesasnsnensensns.s. Jetrathyrus arafurae

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

margins of merus are linear, distally widening..

veveenenens.Tetrathyrus foreipatus
P6 ischium arises distally on basis; merus is broad in the

middle, distally tapering..............Tetrathyrus pulchellus
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Tetrathyrus arafurae Stebbing, 1888

Tetrathyrus arafurae
Stebbing 1888:1483

Spandl 1927:243

REMARKS :

This rare and distinctive species rarely has been encountered
in the Pacific Ocean. The only records are from the western Pacific,
8°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 forcipatus, and some positive records may
mascarade under that designation.

Tetrathyrus arafurae was very rare in the Gulf waters (1:2:0;
ROA 89%), occurring at widely spaced stations in diverse seasonal

conditions (Fig. 152c).
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Figure 152. The Gulf distributions of a) Hemityphis rapax, b) Paratyphis
maculatus, and c) Tetrathyrus arafurae.
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Tetrathyrus forcipatus Claus, 1879

L.
Josep

Tetrathyrus sancti
Shoemaker 1925:54

Tetrathyrus forcipatus
Claus 1879:14

Shoemaker 1945:259

REMARKS :

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).

Tetrathyrus forcipatus was relatively uncommon in the Gulf
(4:10:2; ROA 52%), 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 Tetrathyrus forcipatus.
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Tetrathyrus pulchellus Barnard, 1930

Tetrathyrus pulchellus

Barnard 1930:439

REMARKS :

This species has only been recorded from the sub-Antarctic
waters south of New Zealand, and was apparently described from one
adult male. The Gulf specimens agree definitely and exclusively with
Barnard's description, and do not resemble descriptions or figures
given for either Tetrathyrus forcipatus or Tetrathyrus arafurae.

Tetrathyrus pulchellus was relatively abundant in the Gulf
(26:255:18; ROA 10), occurring in all of the CalCOFI cruises (Figs. 154,
155). oOverall, night stations were preferred (61%) over daylight
conditions, changing relatively little through the seasons. Males were
found most commonly 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°/,, in the upper 10 m.

Distribution patterns show avoidance of salinities less than this limit;

little cor d with other s were noticable.



401

5702

5612 |d

5604 |c

5602 |b

T. pulchellus

Figure 154. The Gulf distributions of Tetrathyrus pulchellus in 1956 and
1957.
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Figure 155. The Gulf distributions of Tetrathyrus pulchellus in 1957 and
1974,
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Family PARASCELIDAE Bovallius, 1887

Genus Key to Gulf of California PARASCELIDAE

-- Pl and P2 simple.. veeenes s Thyropus

-- Pl is simple; P2 chelate....eveveeeeesesses.Schizoscelus

Thyropus Dana, 1852

Species Key to Gulf of California Thyropus

P6 with fissure in basis....veiviieieninanniniannnns ceeenna .2

P6 without fisSsuUre.....eveviueisrsereeetoceienncensannrannssd

P6 basis tapers slightly, merus extends beyond mero-carpal
JUNCEUTE . v evervrenrerannnenn veveeeennevensThyropus similis
P6 basis tapers radically in the distal portion, merus does

not extend beyond mero-carpal juncture..... Thyropus sphaeroma

P6 basis tapers distally...eeeceseceonesonen Thyropus edwardsi

P6 basis does not taper distally........... Thyropus typhoides
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Thyropus edwardst (Claus, 1879)

Pargscelus edwardsi

Claus 1879:18
Parascelus zebu

Stebbing 1888:1496

Shoemaker 1925:46
Thyropus eduardsi

Harbison et al. 1977:479

REMARKS :

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 surface 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 edwardsi 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
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divided, with little seasonal variation in preference. Males were
slightly more common in early morning hours, and gradually tailed off
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 ba‘rrier of 35.5°/,, and a
lower limit of 34.8°/,,, but the only patterns which seem evident is a
definite avoidance of salinities less than 35.0°/,, at 10 m. 1In
general, distribution patterns appear zonal, with vast empty zomes

between northern and southern habitation.
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Figure 156. The Gulf distributions of T

hyropus edwardsi in 1956 and 1957.
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Figure 157. The Gulf distributions of T

hyropus edwardsi in 1957, 1959,
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Thyropus similis (Stephensen, 1925)

Parascelus similis
Stephensen 1925:209
Thyropus similis

Harbison et al. 1977:479

REMARKS :

This rarely encountered species has been collected from
widely separated stations in the Subtropical Mediterranean and Atlantic
(Stephensen 1925, Harbison et aql. 1977), Indian Ocean (Jossi 1972:128),
and South Pacific Waters (Hurley 1960:282, Tranter 1977:649).

Thyropus similis 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.



Thyropus sphaeroma (Claus, 1879)

Tanyscelus sphaeroma

Claus 1879:17; 1887:45
Thyropus sphaeroma

Stebbing 1888:1495

Shoemaker 1945:260

REMARKS:

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 (Barnmard 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)

Parascelus typhoides
Claus 1879:19; 1887:46
Shoemaker 1945:260
Thyropus typhoides

Thurston 1976:444

REMARKS :

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).

Thyropus 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. 158¢c).
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Schizoscelus Claus, 1879

Schizoscelus ornatus Claus, 1879

Schizoscelus ornatus
Claus 1879:21; 1887:44

Stebbing 1888:1504

REMARKS :

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.

Schizoscelus ornatus was represented by only one male from

the Gulf entrance (Fig. 158d).
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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 al. 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'
distribution is non-random and best explained by thz station hydro-

graphy. The implicit assumptions are that the relevant station

hyd: hy is rep ted by temp ure, 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
(Sokal 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' abundance.

The aim of multiple regression analysis is to produce a

formula of the type:
y = ax; + bx2 + t:x3 + ... + constant

where, in the present case,
y = species abundance at a given station,
Xps Xy = hydrographic variable #1, #2, etc.,

a, b = regression coefficient for Xps Xps etc..

The criterion for inclusion into the regression equation is
whether a significant increase in the amount of the variance in a
species' abundance is explained by the new variable. Obviously, 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
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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
the analysis that follows, the dependent variable (species abundance)
can only be measured in whole numbers, but the regression equation
produces values to two dec;mal 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 can test whether a particular
species' abundance is determined by separately or simultanecusly 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' 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' 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' 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:
Seina borealis, Vibilia armata, Lestrigonus bengalensis, Primmo brevi-

dens, Simorhynchotus antennarius, and Thyropus edwardsi.
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Species’ Distributions and Hydrography

Seina 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 Seina borealis d a corr d between the 10 m

isohaline of 35.1°%/00 and its nmorthern limits of intrusion into the
Gulf. A bivariate plot (Fig. 159) of salinity and abundance demon-
strates what was observed in the hydrological analysis: abundance was
modal about a salinity of 35.0°/00, abruptly dropping off at 35.3%/00.
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 m are
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 Seina borealis was significantly correlated only with salinity at
10 m (r = .48, P .05). In the analysis by stepwise multiple regres-
sion, 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 Scina borealis with the
salinity at 10 m measured at positive collection stationms.
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Table 2. Pairwise correlations of the abundance of Scina borealis and
the hydrography of positive statioms.

T10, S10, 010 refer to temperature, salinity, and the concen-
tration of dissolved oxygen at the 10 m depth; T100, S100, 0100 refer
to the same parameters at 100 m. See text for details.

T10 s10 olo T100 S100 0100
T10 1.00
s10 -.19 1.00
o010 .04 =-.21 1.00
T100 -.32 -.06 .05 1.00
S100 -0 52%% .01 J41% J43% 1.00
0100 -.59%% .31 -.02 -.46* L43% 1.00
Abundance .34 <48FE .03 -.06 -.21 .20

* P (.05

#*% P <.01



Table 3. Stepwise regression results for Seina borealis.

See text for explanation, Table 2 for abbreviations.
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Full range of values:
y = .95 S10 - 32.04

r = .43; t2 = .189; df = 18; F. 3.87; P<.05

3,17

Partial correlation

Variable with abundance
T10 .2106 ns
010 .0423 ns
T100 0485 ns
s100 -.0247 ns
0100 L1717 ns

ns: not significant
Upper limit: 35.50°/c0

r=.51; £% = .262; df = 133 P <.05
Upper limit: 35.20°/,,

r = .53; £2 = .278; df = 11; P <.06
Upper limit: 35.10°/,,

r=.55; £ = .301; df = 10; P <.075
Upper limit: 35.00°/,

r= .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 thc 10 m isohaline of 35.1%/co.
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, salinity is not a primary force, but probably an indirect effect

of some other factor.
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Table 4. Stepwise regression on Principal Components for Seina bore-

alis.

See text for details, Table 2 for abbreviations.

Principal Components

1
T10 .755
s10 014
010 -.136
T100 -.401
5100 2235
0100 <415

multiple r = .58; r2

= .340; df = 17; F.

(Eigenvectors)

2 3
-.122 .164
-.434 -.739
-.017 -.509
=771 .321
-.071 2246
=444 .061

3,14

= 7.17; P .05
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Vibilia 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's northward
penetration and with upwelling water, possibly with salinity at 10 m.
However, the most important correlation (Table 5) with the abundance of
Vibilia 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 ion with the abund of Vibilia

armata in the Gulf 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's distribution, and that Vibilia armata is still significantly
affected by the deeper water environment where it is most commonly

found.



Table 5. Pairwise correlations of the abundance of Vibilia armata and the hydrography of the positive
stations.

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

T10 s10 010 T100 S100 0100 T200 5200 0200
T10 1.00
510 —-.38%% 1.00
010 -.29% W41 1.00
T100 .69%% -.13 -.34% 1.00
S100 -.08 +55%% .14 .38%% 1.00
0100 «36% .13 -.21 JT8%% L52%% 1.00
T200 <62%% .15 -.22 85%% 58%% JT5%% 1.00
$200 J43%% .27 -.05 .68%% <65%% .60%* .85%% 1.00
0200 L42%% .36% -.06 .60%% .56%% . 70%% LT9%% +86%% 1.00
Abundance ~-.20 .13 .20 -.24 -.13 -.16 —.27% -.17 -.28%

* PL.05 #*P (.01

vy
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Table 6. Stepwise regression on Principal Components for Vibilia

armata.

See text for details, Table 5 for abbreviations.

T10 -
S10 -
010
T100
5100
0100 -
T200 -
$200 -

0200

multiple r = .42; ¢

Principal Components

(eigenvectors)

1 2
.225 264
.078 .101
.051 -.098
545 .399
.078 .296
420 .383
.050 437
455 .408
.500 .400
%= 1745 4t = 52; F, g = 5.28 PCL0L
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Lestrigonus 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°/,,. 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 bengalensis (Table 9). The most important
factor was primarily the effect of salinity at 1C m; the next important
involved temperatures at both 10 m and 100 m. These results are not
surprising, given this species' 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' 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 Lestrigonus
bengalensis and the hydrography of positive stationms.

See text for details, Table 2 for abbreviationms.

427

T10 s10 o010 T100 s100 0100
T10 1.00
s10 .03 1.00
010 =46k .01 1.00
T100 L70%% W14 - 41%% 1.00
S100 .19 .28% .05 L64%% 1.00
0100 .33%% .26% -.18 JT2%% .66%* 1.00
Abundance L24% W34%% -.11 .10 -.01 .14
* P <.05
*% P (.01
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Table 8. Stepwise regression results for Lestrigonus bengalensis.

See text for details, Table 2 for abbreviations.

Full range of values:

y = .48 S10 + .05 T10 - 15.87

r = .43; £* = .185; df = 79; F| = 8.73; P<.001

1,7

Partial correlation

Variable with abundance
010 -.013 ns
T100 -.162 ns
S100 -.171 ns
0100 =029 ns

ns = not significant
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Table 9. Stepwise regression on Principal Components for Lestrigonus
bengalensis.

See text for details, Table 2 for abbreviationms.

Principal Components

(eigenvectors)
1 2
T10 -.037 <407
S10 -.863 .180
010 2372 -.259
T100 .138 .599
s100 .274 ’ 427
0100 J147 <490

multiple r = .39; £ = .1sl; df = 68; F, (o = 8.38; P <.001
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Primno brevidens

This species is the second most abundant 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°/00, 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.

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
Primno 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

distributicn.



Table 10. Pairwise correlations of the abundance of Primmo brevidens

and the hydrography of the positive stations.

See text for details, Table 2 for abbreviationms.
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T10 s10 010 T100 §100 0l00
T10 1.00
slo -.03 1.00
010 .04 .03 1.00
T100 L63%% .10 -.15 1.00
$100 .01 .22% .01 +50%% 1.00
0100 -.13 .18 .13 R «63%% 1.00
Abundance -.05 .10 =.31%% -.09 ~-.01 -.10

*P < .05

*%p < .01



Table 11. Stepwise regression results for Primmo brevidens.

See text for details, Table 2 for abbreviations.
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Full range of values:
y = .23 010 + .311

r=.30; £2 = .093; df = 82; F, .. = 8.40; P< .01

1,81

Partial Correlation

Variable with abundance
T10 -.062 ns

510 .095  ms

7100 -.040 ns

$100 -.01l ns
0100 =053 ms

ns = not significant




Table 12. Stepwise regression on Principal Components for Primmo
brevidens.

See text for details, Table 2 for abbreviations.

Principal Component

(eigenvector)
T10 .126
S10 425
010 .880
T100 -.069
S100 .116
0100 -.190

r = .3l; r” = .098; df = 82; F = 7.15; P<.001

2,80
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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 byn
limits of 35.3°/,, and 35.0°/,, measured at 10 m. The depth of the
oxygen deficient layer had no apparent effect upon its distribution
within the Gulf.

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°/,, and a lower limit of 34.74°/,,. 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 m; the third was a complex of
variables inversely correlated with abundance. Thus, the distribution
of Simorhynchotus 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°/,, and
35.2°/,, 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

7

of Simorhy

antennarius and the hydrography of the positive stationms.

See text for details, Table 2 for abbreviationms.
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T10 s10 010 T100 $100 0100
T10 1.00
S10 -.01 1.00
010 -.60%% W17 i.00
T100 .87%% .01 - 54%% 1.00
$100 .25 .55%% -.06 J49E* 1.00
0100 +55%% .17 -.31% JTL1k% «Shk% 1.00
Abundance .04 232%% L29% -.09 .13 -.05

* P <.05

*% P ¢ .01
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Table 14. Stepwise regression results for Simorhynchotus antennarius.

See text for details, Table 2 for abbreviations.

Full range of values (34.65 =35.45°/,0)¢

y = .77 S10 - 25.63

2

r = .32; r° = .105; df = 47; Fl = 5.40; P< .025
s

46

Optimum truncation of values (34.74 - 35.18°/,0):

y = 1.69 S10 - 57.97

2
r = .43; r" = .187; df = 40; F5’35 = 7.14; P<.00L

Full Range of Values Optimum truncation of values

; Partial Correlation Partial Correlation
Variable with abundance Variable with abundance
T10 .046 ns T10 .149  ns
010 .246 ns 010 .152  ns
T100 -.095 ns T100 .013  =ns
S100 -.064 ns §100 ~.007 ns
0100 -.108 ns 0100 .045 ns

ns = not significant ns = not significant
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Table 15. Stepwise regression on Principal Components for Simorhyn-
chotus antennarius.

See text for details, Table 2 for abbreviations.

Truncated pairwise correlations:
T10 s10 010 T100 5100 0100
Abundance .13 J43RE .23 -.01 .16 .03

*% p< .01

Principal Components

(eigenvectors)
1 2 3
T10 -.100 .613 -.479
s10 .721 -.103 -.313
010 J411 -.015 -.448
T100 =-.031 ~-.752 -.158
S100  .545 .210 664
0100 .068 .052 -.076
2

multiple r = .57; r~ = .332; df = 32; =13.07; P<.00L

Fs,27




Thyropus edwardsi

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°/,,. 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); 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 regressionms.
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Table 16. Pairwise correlations of the abundance of Thyropus edwardsi
and the hydrography of the positive stationms.

See text for details, Table 2 for abbreviations.

T10 S10 010 T100 élOO 0100
T10 1.00
s10 -.24% 1.00
010 —-.53%% L40** 1.00
T100 .81k -.06 ~.50%* 1.00
$100 .25% L57% .01 WSk 1.00
0100 .53%% .20 -.19 JT2%% .58%% 1.00
Abundance  -.04 .16 _ e32%% -.13 -.07 .13

* P (.05

**% P ¢.01



Table 17. Stepwise regression results for Thyropus edwardsi.

See text for details, Table 2 for abbreviationms.

Full range of values:

y = .28 010 + .036

r = .33; rz = .111; df = 82; Fl 81 = 10.13; P<.00L
s

Partial Correlation

Variable with abundance
10 .165  ns
510 029 ms
T100 -044 ms
$100 -.078  ns
0100 205 ms

ns = not significant
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Table 18. Stepwise regression on Principal Components for Ihyropus
edwardsi.

See text for details, Table 2 for abbreviations.

Principal Components

(eigenvectors)

1 2 3
TIO  .224 -.340 -.235
S10 -.355 -.611 .668
010 .764 144 .451
T100 .082 .169 -.043
$100 -.273 .641 497
0100 .398 -.225 214

multiple r = .46; rz = ,215; df = 63; FS 58 = 16.05; P ¢ .001
s
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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 surface along coastlines and in
summer. 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 bengalensis, 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 edwardsi were
exclusively identified with the concentration of dissolved oxygen at
10 m. The only other species to show a significant association with
dissolved oxygen, Seina borealis, also showed significant responses to
salinity and temperature. The comparatively minor affect that [02] 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).
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All six of the species under review featured salinity to a cer-
tain degree as an important parameter affecting their distribution
within the Gulf; foremost were Seina borealis and Simorhynchotus
antennarius. An analogue of the Temperature-Salinity-Plankton diagram
was devised to quantitatively test whether any 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.
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Biogeographic affinities

The probable biogeographic affinities of the Gulf hyperiids
are given in Table 19. Not much detail is 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

h hs and hausiids. Tropical and subtropical species make up

only 65% of the total number of hyperiid species, while for chaetognaths
and euphausiids the proportion is much higher, 75% - 85%. In other
groups, such as copepods, it is still higher. When the tropically-
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, 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 LANCEOLIDAE).



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.
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BOREAL
Epipelagic
Dairella californica
Mesopelagic-Epipelagic
Vibilia antarctica
COLD TEMPERATE
Epipelagic
Hyperietta stebbingi
Lestrigonus schizogeneios
Lyecaeopsis neglecta
Paraphronima crassipes
Phronima stebbingi
Phronimopsis spinifera
Phrosina semilunata
Seypholanceola aestiva
Vibilia wolterécki
Mesopelagic-Epipelagic

Brachyscelus globiceps
Paratyphis spinosus
Sympronoe parva parva
Tetrathyrus arafurae



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

WARM TEMPERATE
Epipelagic

Eupronoe maculata
Hyperietta stephenseni
Lestrigonus macrophthalmus
Lycaeopsis themistoides
Lycaeopsis zamboangae
Paraphronima gracilis
Seina marginata
Themistella fusca
Vibilia armata
Vibilia chunt
Mesopelagic-Epipelagic

Amphithyrus bispinosus
Ozxycephalus claust
Tetrathyrus pulchellus

Mesopelagic
Paratyphis maculatus
SUBTROPICAL
Surface

Anchylomera blossevillei
Brachyscelus crusculum
Hyperia leptura

Vibilia cultripes



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

SUBTROPICAL (Continued)
Epipelagic

Brachyscelus acuticaudata

Brachyscelus macrocephalu

Brachyscelus rapacoides
Cranocephalus scleroticus
Dairella latissima
Eupronoe armata
Eupronoe minuta
Hemityphis rapax
Hyperietta stebbingi
Hyperietta luzoni
Hyperioides longipes
Hyperoche martineaii
Lestrigonus shoemakeri
Lycaea bajensis
Lycaea bovallioides
Lycaea serrata
Lycaeopsis pauli
Ozycephalus piscator
Paralycaea gracilis
Paralycaea hoylei
Paralycaea newtoniana
Phronima bucephala
Phronima pacifica
Platyscelus serratulus
Rhabdosoma whitet

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

SUBTROPICAL (continued)
Epipelagic (continued)

Seina latifrons
Seina spinosa
Streetsta challengeri
Streetsia mindanaonis
Streetsia steenstrupi
Thameus platyrrhynchus
Thyropus edwardst
Thyropus similis
Thyropus typhotdes
Vibilia stebbingi
Vibilia viatriz
Mesopelagic-Epipelagic

Parapronoe campbelli
Parapronoe clausioides
Parapronoe crustulum
Phronima atlantica
Pseudolycaea pachypoda
Seina excisa

Seina rattrayi

Seina submarginata

Ymp: parva sep tculata
Tetrathyrus foreipatus
Thyropus sphaeroma

Mesopelagic
Lanceola pacifica

Seypholanceola agassizi



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

TROPICAL
Surface
Seina nana
Epipelagic

Amphithyrus sculpturatus

Gl halus milneedwardsi

Hyperioides sibaginis
Leptocotis tenuirostris
Lestrigonus bengalensis
Phronima solitaria
Primno brevidens
Rhabdosoma armatum
Rhabdosoma brevicaudatum
Rhabdosoma minor

Seina damasit

Seina langhansi

Seina stebbingi

Mesopelagic-Epipelagic
Seina pusilla
Seina similis
Vibilia propinqua

EQUATORIAL

Epipelagic
Lycaea nasuta
Phronima curvipes
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Table 19 (continued). Biogeographic affinities of Gulf hyperiids.

COSMOPOLITAN

Epipelagic
Calamorhynchus pellucidus
Hyperoche medusarum
Phronimella elongata
Seina uncipes
Seina wolterecki

Mesopelagic-Epipelagic
Cystisoma fabricii
Phronima sedentaria
Seina borealis
Seina crassicornis

2 7 ;
imorhy TUs
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5708

5706

5704

5702

Figure 160. The proportion of tropically-derived species in the hyperiid
community. Contours are frequency of occurrence; cruise numbers are
explained in Methods.
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Gyral Currents

As mentioned earlier, gyral currents have been implicated as
a driving force in shaping planktonic distributions. Casual observation
shows that in many species (for example, Vibilia armata, Lestrigonus
sehizogeneios), there is the appearance of population densities being
concentrated into the gyral zomes. 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 gyral 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 p or ab would be enh d by this situation,
depending upon the suitability of the habitat.

Qualitatively, this appears to be the case, for many of the
hyperiids' distributions are noticable for extremely large areas (1000's
of square kilometers) of uninhéhited wacét. 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 stationms 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.

Diversity

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,

U A PR LT R R
N N
where, N = total abundance of the entire community,
and, Ni = abundance of the <th species.

Qualitatively, the community 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, un-
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', where

Togs
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 gyral currents
on hyperiid distributions by observing the change in areal diversity, or
S', the species turnover through space. If there exist barriers to free
movement within the Gulf waters, then S' should change significantly
only at those barriers. As discussed earlier, gyral currents could
form such barriers, specifically at the boundaries among them. Since
conditions within the gyres should be c&nservative, the greatest change
in habitat will occur at the edges of the gyres, Z.e. the zomal
boundaries.

The theoretical properites of these gyres are given in Munk
(1941), Round (1967), and elsewhere; the predicted zonal boundaries
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



¢ Predicted
. zonal

s boundaries

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 for sufficiency are discussed earlier in the
section on geostrophic currents.

The existence of significant changes in S' will be determined
¢hrough the use of a Two-tailed Kolmogorov-Smirnov One-Sample Test
(Hollander and Wolfe 1973). The observed values of S' 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 number 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 greatesf 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 162. Diversity (H') and Evenness (J') of the Hyperiid community in
February, 1956.
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Figure 163. Species number (S) and significant turnover (S') of the Hyperi-
id community in February, 1956.



igure 164. Diversity (H') and Evenness (J') of the Hyperiid Community in
April, 1956.
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5604
S

Figure 165. Species number (S) and significant turnover (S') in the Hyperi-
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 pact’ems 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 tongue of increasing diversity begins to penetrate the Gulf. The

vanguard of this advected water is inhabited by an evenly mixed, highly



Figure 166. Diversity (H') and Evenness (J') of the Hyperiid Community in
December, 1956.




Figure 167. Species number (S) and significant’ turnover (S') in the Hyperi-
id community in December, 1956.



Figure 168. Diversity (H') and Evenness (J') of the Hyperiid community in
February, 1957.




igure 169. Species number (S) and significant turnover (S') of the Hyperi-
id community in February, 1957.
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diverse hyperiid 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).

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.



Figure 170. Diversity (H') and Evenness (J') of the Hyperiid community in
April, 1957.
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Figure 171. Species number (S) and significant turnover (S') of the Hyperi-
id community in April, 1957.




igure 172. Diversity (H') and Evenness (J') of the Hyperiid community in
June, 1957.



Figure 173. Species number (S) and significant turnover (S') of the Hyperi-
id community for June, 1957.
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August, 1957. The diversity of Gulf hyperiids 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 stationms.
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 southermmost stations, and generally at
those that are the most oceanic in character.

Significant changes in S', 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.



Figure 175. Species number (S) and significant turnover (S') of the Hyperi-
id community in August, 1957.
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in S'; other cruises show more. In all cases, these significant
changes occur only at locations predicted for this hypothesized

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
associated 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 (Madin and Harbison 1976). An obvious test
of this hypothesis would be to compare hyperiid 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 Alvarifio (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 challengeri, 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 ab of the siph hores 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, Paralycaea hoylet and Tetrathyrus forcipatus.
Casual examination of their distributions for the cruises used above
shows absolutely no correspondence bztween "host" or hyperiid (Fig.
177).

Finally, the medusan, Lirope tetraphylla, 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 tetraphylla.

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



Figure 176. The distributions of Lensia challengeri (shaded area) and
Hyperioides longipes (numbers) for February and April, 1956.
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Figure 177. The distributions of Stephanomia bijuga (shaded area) and
Paralycaea hoylei (plain numbers) and Tetrathyrus forcipatus (underlined
number) for February and April, 1956.




Figure 178.
Lestrigonus
1956.

The distributions of Lirope tetraphylia (dotted area) and
schizogenetos (lined areas and numbers) for February and April,
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not available, another less direct method of analysis must be
employed.

If hyperiids known to be associated with the same species
of "host" significantly and recurrently co-occur, then their distri-
butions are significantly affected by their common factor, the host.
Higher taxonomic groups of '"host" (Z.e. genus, family) may be employed
to provide a sense of the association strength. For example, co-
occurring hyperiids 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 latu).
The table includes a broad range of associations, 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): "...[we found] a

" A few of the reports are from

large Cystisoma parasitic on Doliolum...
field observations, 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-

7 7

tion of hosts (to name a few, Hyp um, Brach i
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Table 20, Reported associations of hyperiids with gelatinous
zooplankton.

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 ("A") and host presence
in the Gulf ("P") are listed by number and cited at the end of the
table.

HYPERIID HOST Presence A P
Lanceola sayana Pelagia spp G 17 8
Seina marginata Hippodius hippopus S 30 7
Sphaeronectes gracilis - 15 -
Vibilia armata IThlea punctata S 30 7
Pegea confoederata S 30 7
Salpa fusiformis S 30 7
Thalia democratica s 30 7
Vibilia chuni Cyclosalpa polae s 32 7
Salpa maxima S 32 7
Vibilia propinqua Pegea confoederata s 32 7
Salpa eylindrica H 32 7

Salpa maxima s 32 7



Table 20 (continued).

Reported associations of hyperiids with

gelatinous zooplankton.

HYPERIID HOST Presence A P
Vibilia stebbingi Cyelosalpa polae S 32 7
Salpa fusiformis ) 32 7
Salpa maxima H 32 7
Viblia viatriz Pegea confoederata s 32 7
Pegea socia G 32 7
Salpa cylindrica S 32 7
Salpa maxima S 32 7
Cystisoma spp Doliolwm spp G 1 33
Paraphronima Diphyes spp G 31 4
erassipes Galeolaria spp - 3t -
Rosacea cymbiformis G 23 5
Hyperoche martinezii Beroce forskalia s 30 10
Beroe silva 35 10
Bolina hydratina G 30 10
Hyperoche medusarum  Aurelia aurita G 37 33
Beroe forskalia S 41 10
Philidium spp G 45 33
Pleurobrachia bachei s 22 38
Pleurobrachia pileus s 21 10
Polyorchis spp G 45 11



Table 20 (continued). Reported associations of hyperiids with
gelatinous zooplankton.

HYPERIID HOST Presence A

Hyperoche medusarun  Sarsia spp G 45

(continued) Tiaropsis G 45

Tima formosa G 14

Lestrigonus Eirene pyramidalis 23
bengalensis

Lestrigonus Aequora spp G 23

schizogeneios Lampetia pancerina G 2

Leuckartiara nobilis G 28

Lirope tetraphylla S 28

Philidium spp G 26

Hyperietta stebbingi Collozoum longiforme G 43

Hyperietta Collozoum longiforme G 43

stephensent Sphaerozoum spp - 30

Hyperietta luzoni Collozoun longiforme G 43

Thalassoxanthium spp - 30

Hyperioides longipes Chelophyes appendiculata s 30

Lenstia conoidea - 30

Dairella latissima Cunina vitrea G 30

Forskalia edwardsi - 30

33
33



Table 20 (continued).

Reported associations of hyperiids with

gelatinous zooplankton.

HYPERILID HOST Presence A P
Anchylomera Pyrosoma spp G 36 38
blossevilletl :
Primo macropa Abylopsis tetragona S 20 3
Phronima bucephala Abyla trigona G 18 6
Chelophyes appendiculata s 26 9
Diphyes spp G 44 4
Salpa aspera G 23 7
Phronima curvipes Abylopsis tetragona S 23 3
Phronima pacifica Abylopsis tetragona S 23 3
Salpa aspera G 23 7
Phronima sedentaria  Pyrosoma atlantica G 29 38
Salpa fusiformis s 29 7
Thalia democratica S 29 7
Lycaeopsis Chelophyes appendiculata s 25 9
themistoides Diphyes dispar s 23 4
Diphyes spp G 42 6
Monophyes - 42 -
Brach Tu. Aeq spp 23 1
erusculun Collozoum longiforme G 43 1
Cyclosalpa affinis 30 7



Table 20 (continued).

Reported associations of hyperiids with

gelatinous zooplankton.

485

HYPERIID HOST Presence A P
Brachyscelus Iasis zonaria S 32 7
eruseulum .
(continued) Leuckartiara octona S 30 5
Pegea socia G 32 7
Pleurotrachia hippocampus S 32 34
Salpa fusiformis S 42 7
Salpa maxima S 32 7
Thalia democratica S 32 7
Brachy Lu Aeq Spp G 23 1
rapacoides Cavalina longirostra G 23 34
Leuckartiara spp G 23 5
Orchistoma spp - 23 -
Paralycaea gracilis  Agalma clausi G 23 5
Agalantha spp G 42 8
Suleuleolaria chuni S 23 6
Suleuleolaria monoica S 23 5
Paralycaea hoylei Stephanomia bijuga s 23 5
Suleuleolaria quadrivalvis S 35 3
Paralycaea newtoniana Sulculeolaria chuni S 23 6
Suleuleolaria monoica S 23 5
Suleuleolaria quadrivalvis S 30 3
Salpa spp. G 39 7

Eupronoe maculata



Table 20 (continued). Reported associations of hyperiids with
gelatinous zooplankton.

HYPERIID HOST Presence A P
Eupronoe minuta Agalma elegans G 23 1
Apolemia wvaria - 23 -

Suleuleolaria quadrivalvis S 30 3

Eupronoe spp Aequora spp G 23 1
Agalma clc.si G 23 4

Agalma okent s 23 4

Athorybia roseacea G 23 1

Forskalia edwardsi - 23 -

Forskalia tholioides - 23 -

Lilyopsis rosea - 15 -

Stephanophyes superba - 23 -

Thamneus Pelagia noctiluca G 23 8

platyrrhynchus

Pseudolycaea Lirope tetraphylla S 23 8
pachypoda Pyrosoma atlantica G 30 38
Pyrosoma spp G 16 38

Salpa spp G 16 7

Lycaea bovallioides Corolla spectabilis s 23 34
Cyclosalpa pinnata S 32 7

Pegea confoederata S 32 7

Pegea socia G 32 7

Lycaea nasuta Cyclosalpa affinis H 32 7



Table 20 (continued). Reported associations of hyperiids with
gelatinous zooplankton.

HYPERIID HOST Presence A
Oxycephalus clausi Cestum veneris 24 10
Collozoum longiforme G 43 1
Eurhamphaea vexilligera - 24 -
Mnemiopsis mecradyi G 24 1
Ocyropsis cristallina F 24 1
Ocyropsis maculata F 24 1
Pegea socia G 23 7
Pterotrachea hippocampus S 23 34
Salpa cylindrica N 32 7
Ozycephalus piscator Leucothea multicornis - 18 -
Mnemiopsis meeradyi G 24 1
Glossocephalus Beroe ovata G 30 10
milneeduardst Bolinopstis vitrea s 23 10
Cestum veneris G 24 10
Deiopea kaloktensia - 40 -
Leucothea multicornis - 24 -
Simorhynchotus Geryonia probosecidalis - 30 -
antennarius
Cranocephalus Pleurobrachia spp G 23 23
scleroticus cydippid larvae F 2% 10
Rhabdosoma whitei Beroe spp G 24 10
Platyscelus ovoides Aequora spp G 36 1



Table 20 (continued).

Reported associations of hyperiids with

gelatinous zooplankton.

HYPERIID HOST Presence A P

Platyscelus Agalma elegans G 30 6
serratulus

Amphithyrus Agalma elegans G 23 6
bispinosus

Amphithyrus glaber Agalma elegans G 23 6

Amphithyrus similis Chelophyes appendiculata S 23 9

Tetrathyrus Agalma clausi G 23 6

foreipatus Stephanomia bijuga S 23 4

Thyropus edwardst Agalma okeni S 23 4

Bathyphysa sibogae - 13 -

Diphyes dispar S 23 4

Forskalia tholiodes - 23 -

Thyropus similis Agalma okeni S 23 4

Athorybia lucida G 12 1

Athorybia roseacea G .23 1

Athorybia spp G 23 1

Thyropus spa Stephanoph p 23 -

Thyropus typhoides Forskalia edwardsti - 30 -

Schizoscelus ornatus  Bathyphysa sibogae - 13 -



Table 20 (continued).
gelatinous zooplankton.

489

Reported associations of hyperiids with

REFERENCES

1 Agassiz 1892 23 Harbison et al. 1977
2 Alvarado 1955 24 Harbison et al. 1978
3 Alvarifio 1964 25 Laval 1965
4 Alvarifio 1965 26 Laval 1968a
5 Alvarifio 1969 27 Laval 1968b
6 Alvarifio 1971 28 Laval 1972
7 Berner 1967 29 Laval 1978
8 Bigelow 1909 30 Laval 1980
9 Bigelow 1911 31 Lo 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 Spandl 1927
18 Chun 1889%a 40 Steuer 1911
19 Chun 188% 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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erusculum, O: phalus claust, GL lus mil dsi). Some of
these hyperiids have even been found on different phyla of hosts! This
broad preference transcends any reasonable definition of "parasite"
(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-hypetiid 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 25, 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.

species are listed alphabetically within each taxonomic grouping.

HOST

HYPERIID

Phylum CILIATA (RADIOLARIA)

Collozoum longiforme

Sphaerozoum spp

Phylum CNIDARIA (COELENTERATA)

Aequora spp

Aurelia aurita

Cunina vitrea

Eirene pyramidalis
Geryonia proboscidalis
Leuckartiara nobilis
Leuckartiara octona

Brachyseelus crusculum
Hyperietta luzont
Hyperietta stebbingi
Hyperietta stephenseni
Oxycephalus clausi

Hyperietta stephenseni

Brachyscelus crusculum
Brachyscelus rapacoides
Eupronoe spp

Lestrigonus schizogeneios
Platyscelus ovoides

Hyperoche medusarum
Dairella latissima
Lestrigonus bengalensis
Simorhynchotus antennarius
Lestrigonus schizogeneios
Brachyscelus crustulum



Table 21 (continued).

Potential co-occurring hyperiids.

492

HOST

HYPERIID

Leuckartiara spp
Orchistoma spp
Pelagia noctiluca
Pelagia spp

Phialidium spp

Polyorchis spp
Sarsia spp
Tiaropsis spp
Tima formosa

Phylum CNIDARIA (SIPHONOPHORA)

Abyla trigona

Abylopsis tetragona

Agalma clausi

Brachyscelus rapacoides
Brachyscelus rapacoides
Thammeus playrrhynchus
Lanceola sayana

Hyperoche medusarum

Lestrigonus schizogeneios

Hyperoche medusarum
Hyperoche medusarum
Hyperoche medusarum
Hyperoche medusarum

Phronima colletti

Primno macropa
Phronima curvipes
Phronima pacifica

Eupronoe spp
Paralycaea gracilis
Tetrathyrus foreipatus



Table 21 (continued). Potential co-occurring hyperiids.
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HOST

HYPERIID

Agalma elegans

Agalma okeni

Agalantha wvaria

Athorybia lucida

Athorybia roseacea

Athorybia spp

Bathyphysa sibogae

Chelophyes appendiculata

Amphithyrus bispinosus
Amphithyrus glaber
Eupronoe minuta
Platyscelus serratulus

Eupronoe spp
Tetrathyrus edwardsi
Tetrathyrus similis
Eupronoe minuta

Thyropus similis

Eupronoe spp
Thyropus similis

Thyropus similis

Thyropus edvardsi
Schizoscelus ornata

Amphithyrus similis
Hyperioides longipes
Lycaeopsis themistoides
Phronima colletti



Table 21 (continued).

Potential co-occurring hyperiids.

HOST

HYPERIID

Diphyes dispar

Diphyes spp

Forskalia edwardsi

Forskalia tholoides

Galeolaria spp

Hippopodius hippopus

Lensia conoides

Lilyopsis rosea

Lirope tetraphylla

Monophyes spp

Rosacea cymbiformis

Thyropus edvardsi
Lycaeopsis themistoides

Lycaeopsis themistoides
Paraphronima crassipes
Phronima colletti
Dairella latissima
Eupronoe spp

Thyropus typhoides

Eupronoe spp
Thyropus edwardst

Paraphronima crassipes

Seina marginata

Hyperioides longipes

Eupronoe spp

Lestrigonus schizogeneios
Pseudolycaea pachypoda

Lycaeopsis themistoides

Paraphronima crassipes
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Table 21 (continued). Potential co-occurring hyperiids.

HOST

HYPERIID

Sphaeronectes gracilis

Stephanomia bijuga

Stephanophyes superba

Sulculeolaria chuni

Sulculeolaria monotca

Suleuleolaria quadrivalvis

Phylum CTENOPHORA

Beroe forskalia

Beroe ovata
Beroe silva
Beroe spp
Bolina hydratina

Bolinopsis vitrea

Seina marginata
Paralycaea hoylei
Tetrathyrus forcipatus

Eupronoe spp
Thyropus sphaeroma

Paralycaea gracilis
Paralycaea newtoniana

Paralycaea gracilis
Paralycaea newtoniana

Eupronoe minuta
Paralycaea hoylei
Paralycaea newtonian

Hyperoche martinezii

Hyperoche medusarum

Glossocephalus milneedwardsi
Hyperoche martinezit
Rhabdosoma whitei

Hyperoche martinezit

Glossocephalus milneedwardsi



Table 21 (continued). Potential co-occurring hyperiids.

HYPERIID

Cestum veneris

Deiopea kaloktensia
Eurhamphea vexilligera

Leucothea multicornis

Mnemiopsis mecradyi

Ocyropsis cristalling
Ocyropsis maculata
Pleurobrachia bachei
Pleurobrachia pileus

Pleurolrachia spp

Phylum MOLLUSCA (THECOSOMATA)
Cavolina longirostris

Corolla spectabilis

Gleba cordata

Phylum MOLLUSCA (HETEROPODA)

Pterotrachea hippocampus

Gl phalus milneedvardsi

Oxycephalus clausi

Iy
<.

a phalus milneed

Oxycephalus clausi

Glossocephalus milneedwardsi
Ozycephalus piscator

Oxycephalus clausi
Oxycephalus piscator

Oxycephalus clausi
Ozycephalus clausi
Hyperoche medusarum
Hyperoche medusarum
Cranocephalus scleroticus

Brachyscelus rapacoides
Lycaea bovallioides
Lycaea spp

Brachyscelus crusculum
Oxycephalus clausi



Table 21 (continued).

Potential co-occurring hyperiids.

HOST

HYPERIID

Phylum UROCHORDATA (THALIACAEA)

Cyclosalpa affinis

Cyelosalpa bakeri

Cyclosalpa pinnata
Cyclosalpa polae
Doliolum denticulata
Iasis zonaria

Ihlea punctata

Pegea bivaudata

Pegea confoederata

Brachyscelus crusculum
Lycaea nasuta

Lycaea spp

Lyeaea bovallioides
Lycaea spp

Lycaea spp
Vibilia chuni
Vibilia stebbingi

Cystisoma SPP

Brachyscelus crusculum

Lycaea spp

Lycaea spp
Vibilia armata

Lycaea spp
Lycaea bovallioides

Lycaea spp
Vibilia armata



Teble 21 (continued).

Potential co-occurring hyperiids.
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HOST

HYPERIID

Pegea confoederata
(continued)

Pegea socia

Pyrosoma atlantica

Pyrosoma spp

Salpa aspera

Salpa cylindrica

Salpa fusiformis

Vibilia propinqua
Vibilia viatrix

Brachyscelus crusculum
Lycaea bovallioides
Lycaea spp
Oxycephalus clausi
Vibilia viatric

" Lycaea spp

Phronima sedentaria
Pseudolycaea pachypoda

Anchylomera blossevillei
Pseudolycaea pachypoda

Phronima colletti
Phronima pacifica

Lycaea spp
Oxycephalus clausi
Vibilia propinqua
Vibilia viatriz

Brachyscelus cruculum
Phronima sedentaria



Table 21 (continued).

Potential co-occurring hyperiids.
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HYPERIID

Salpa fusiformis
(continued)

Salpa maxima

Salpa spp

Thalia democratica

Traustedtia multitentaculata

Vibilia armata
Vibilia stebbingi

Brachyscelus erusculum
Vibilia chuni

Vibilia propinqua
Vibilia stebbingi
Vibilia viatric

Eupronoe maculata
Brachyscelus crusculum
Phronima sedentaria

Vibilia armatum

Lycaea spp
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given in Fienberg (1970), Heckel and Roughgarden (1979), and Whittam
and Siegel-Causey (1981).

Four groups of potentially interacting hyperiids were selected
from Table 21, 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
(s = 4, in the notation above), the largest number possible given the

size of data set (Fienberg 1970).

Group One is composed of four hyperiids known to occur on
Collozoum spp, a colonial radiolarian. These species are two con-

geners, Hyperietta bbingi and H. steph t, a lycaeid, Brachy-

%

scelus crusculum, and an oxycephalid, Oxycephalus clausi. Swanberg
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. crusculum, 0. clausi, and H. stebbingi (Fig. 179). The higher
order (3-way) interaction is not significant. In other words, any of

these three species were caught more frequently than expected whenever
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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 Table 21.

GROUP 1 2 3 4
HOST Collozoun Pegea Salpa Chelophyes
spp socia fusiformis  appendiculata
SPECIES
CODE
A Brachyscelus  Brach Tu Brachyscely Amphithyrus
cruseulum eruseulum erusculum similis
B 0. phalus Ozycephalu Phronima Lycaeopsis
claust claust sedentaria themistoides
[ Hyperietta Lycaea Vibilia Hyperioides
stebbingi bovallioides armata Longipes
D Hyperietta Vibilia Vibilia Phronima
stephensent viatriz stebbingi bucephala
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Table 23. Summary of the log-linear models chosen for each potential
group of co-occurring hyperiids.

The letters represent hyperiid species as listed in Table 22.
G” represents the likelihood-ratio statistic which is distributed as
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.

o Wy ¢ o« o
1 AB, AC, AD, BC 12.99 7 .0724
2 AB, AD, BD, CD 13.24 7 .0665
3 AC, AD, BC, BD 4.94 7 .6670

4 AC, BC, BD, AD 13.81 7 .0546
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Group 1 Group 2

B. crusculum V.viatrix
H.stephenseni O. clausi L. bovallioides B. crusculum
H.stebbingi O. clausi

Group 3 Group 4

B. crusculum A simi(is\
V. armata V. stebbingi . longipes L. themistoides
P sedentaria P. bucephala

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.
crusculum 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 Hyperietta 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's assertion that Hyperietta is
restricted to the presence of colonial radiolarians, and their distri-~
butions identical with the host's.

Group Two is four hyperiids found on Pegea socia, a common salp
of the eastern Pacific. Two of these species were tested in the first
group: Brachyscelus crusculum and Ozycephalus clausti; the other two
are a lycaeid, Lycaea bovallioides, and a vibiliid, Vibilia viatrix
(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).
Vibilia 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. 1In
addition, Vibilia viatrixz and Lycaea bovallioides were positively
associated, co-occurring more often than expected through chance (see
Fig. 179).

Group Three is four hyperiids known to occur on Salpa fusifor-

mis, another common salp of the eastern Pacific (Table 22). These
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species are Brachyscelus crusculum again, two vibiliids, Vibilia armata
and V. stebbingi, and a phronimid, Phronima sedentaria. 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 be 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). Brachyscelus crusculum significantly co-occurred with both
vibiliids, but was not associated with Phronima sedentaria in any
significant manner. Vibilia armata and V. stebbingi were not associ-
ated either; there was no evidence of competition or co-occurrence.

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-
ptore Chelophyes appendiculata. They are the phronimid Phronima
bucephala, and species of three other families: Amphithyrus similis,
Lycaeopsis themistoides, and Hyperioides longipes. Although they have
been found on the same siphonophore species, their life histories may
be quite different. Their gross morphologies are distinct: A. similis,

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-

7

pes is a typical hyperiid and P. b la is a rep ive 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 Group Four were positively associated in a 4-
cycle; no higher order interactions were detected (Fig. 179). 4.
longipes and L. themistoides, and A. similis and P. bucephala 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. WNo negative
interactions were detected. The pattern of association within each
group was one of two types: a 3-cycle 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 hyperiids should pe quite
strong. Given a triplet of hyperiids restricted to the same host,
showir‘xg all possible pairs of interactions 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 cf the parasite
hyperiid species occur at the same stations, but all three species
should co-occur significa‘ntly 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
Three, there is evidence for substrate partitioning; in Group Four,
the evidence poiuts to the opposite case, different species at the
same site (Harbison et al. 1977, 1978). These considerations would
seem to indicate that while some association is present between host
and hyperiid, it is not very important in the hyperiids' overall
distribution.

The results from this section, however intriguing, are incon-

clusive. 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 regiz;n.

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' distribution
in the Gulf, but are rarely persistent in occurrence (for example, see
results for Oxycephalus clausi bulbosus 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 (Hyperioides longipes:
Thurston 1976, Parathemisto libellula: Wing 1976), and the presence
here of parthenogenetic species (Rhabdosoma brevicaudatum and R.

minor) argues for either case.
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Table 24. Precocial species found within the Gulf of California.

Hyperiid species

Reproduction mode

Lycaeopsis neglecta
Lycaeopsis pauli

Eupronoe minuta

Eupronoe pacifica
Oxycephalus clausi bulbosus
Oxycephalus piscator bulbosus
Calamorhynchus pellucidus
Cranocephalus scleroticus
Glossocephalus milneedwardsi
Leptocotis tenuirostris
Rhabdosoma brevicaudatum

Rhabdosoma minor

parthenogenetic (possibly)
parthenogenetic (possibly)
sexual

sexual

sexual

sexual

sexual

sexual

sexual

sexual

parthenogenetic

parthenogenetic




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, Dairella californica, Scypho-
lanceola aestiva). Similarly, such species as Phronima curvipes and
Lycaea nasuta are good indicators of strong equatorial flow irto the
Gulf. The relative importance of these zcogeographic groups of species
will be broadly affected by climatic and current effects.

As with tropical ch hs and ): iids, 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' 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.
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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 al. 1973).. Some species
are commonly found within the limits expected for this water type
(for example, Lestrigonus macrophthalmus, Paralycaea hoylei), 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 al. (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
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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
Gulf, Mundhenke found it to be widespread, in several of his four
postulated water masses, and not associated with any one zone (p. 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' biology.
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The results of multivariate regression analysis using such data
are mixed. Some of the results could be easily predicted from the
species' natural history (Viblia armata and Lestrigonus 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 Primmo
brevidens and Thyropus edwardsi did [0,] 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 was 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 plankton 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 hyperiid distributions, but very likely
a reflection of a much more important influence upon the plankton
community: 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 three 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. 2lc, 22c, and 24c). The gyral currents
do not show up better because of the "snap-shot" 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; above 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 et al.
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 community diversity at the zonal boundaries. Even the
most restrictive of statistical tests and interpretation lead me to
accept the physical existence of such gyres, and their biological
consequences in terms of the hyperiid community. But there remains
another factor that will affect the particular distribution of hyperiid
amphipods in the Gulf.

The most fundamental potential perturbation of the hyperiid
community is the biological interaction postulated between hyperiid
species and "hosts." 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 of 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-
IIDAE 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
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hyperiid and "host," 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.

The entire order of Amphipoda is characterized by substrate-
bound associations: the Suborder GAMMARIDAE with the benthos and plant
life; the Suborder CAPRELLIDAE with macrophytic algae; the INGOLFIEL-
LIDAE with fossorial meios; and the HYPERIIDAE with gelatinous zoo-
lankton. The substrate needed by individual hyperiid 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) con-—
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 locationm, cr
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 amphipod. 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: Cyphocaris, Synopias
HYPERLIDAE: 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 uncommon 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 zonmes.

The most basis force that will structure the hyperiid community
are the postulated biological interactions between hyperiid and "host."
Through various qualitative and quax;titative 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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