Proceedings of the Fourth International Crustacean Congress, 1998

HYPERIID AMPHIPODS AS INDICATORS OF CLIMATE CHANGE IN
THE CALIFORNIA CURRENT

BY

BERTHA E. LAVANIEGOS"?) and MARK D. OHMAN')
!y Marine Life Research Group, Scripps Institution of Oceanography, University of California,
San Diego, La Jolla, California 92093-0227, U.S.A,
2y Departamento de Ecologia, Centro de Investigacién Cientifica y Educacién Superior de
Ensenada, km 107 Carretera Tijuana-Ensenada, Apdo. Postal 2732, Ensenada,
Baja California 22800, Mexico

ABSTRACT

We investigated long-term changes in the abundance and species composition of hyperiid am-
phipods in the Southern California Bight and nearby waters from twelve springtime CalCOFI
cruises spanning the period 1951-1997. Sixty-two hyperiid species were detected in the study re-
gion. We found diminution in species diversity and in total hyperiid abundance during the studied
period. Despite high interannual variability, there was higher species richness, evenness of species
numbers, and abundances of hyperiids in an earlier time period (1951 to 1972) and generally lower
species richness, evenness, and abundances in a more recent time period (1979 to 1997). Variations
in abundance of total hyperiids were significantly correlated with variations in abundance of pre-
sumed gelatinous zooplankton hosts, especially salps, physonect siphonophores, and pyrosomes.
Species-specific correlations showed significant associations between ten species of hyperiids and
different species of salps, siphonophores, and medusae. Some amphipods were correlated with
more than one host. Hyperiid amphipod assemblages appear to be sensitive to large-scale climate
changes in the NE Pacific, through either direct responses or indirectly through their association
as parasitoids on gelatinous hosts.

INTRODUCTION

Interdecadal-scale climate change in the North Pacific is receiving increasing
attention. Shifts in atmospheric pressure patterns with periods of twenty or thirty
years have produced changes in climatic regimes in the subarctic (Brodeur &
Ware, 1992: Trenberth & Hurrel, 1994) and central Pacific (Venrick et al., 1987;
Polovina et al., 1994) Ocean. In the California Current system, coastal sea level
has risen in the last few decades (Roemmich, 1992) in conjunction with a warm-
ing of the surface layer and decline in total zooplankton biomass (Roemmich &
McGowan, 1995a, b). Brodeur et al. (1996) found evidence for a negative corre-
lation between zooplankton biomass in the Gulf of Alaska and in the California
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Current system. Two states of atmospheric and oceanic circulation have been hy-
pothesized to alternate in the eastern North Pacific on an interdecadal time scale
(Hollowed & Wooster, 1992). One state involves a strong Aleutian low, strong
circulation in the Alaska Gyre, and weak circulation in the California Current
system. In the other state, the circulation pattern is reversed. Despite growing
awareness of such changes in NE Pacific pelagic ecosystems, almost nothing is
known about long-term changes in the species composition of the zooplankton.
An exception is the study of Mullin (1998), who found no significant differences
in numbers of Calanus pacificus Brodsky, 1948 per unit volume when comparing
1956-1959 with 1989-1993.

Enumeration of individual taxa is essential to understanding the responses of
zooplankton to climatic forcing because organisms with different life histories,
generation times, biogeographic affinities, and feeding habits may show markedly
different responses to the same conditions. As part of an effort to understand
long term changes in zooplankton abundance and community structure in the
NE Pacific, the present study focuses on interdecadal changes in the hyperiid
amphipod community and the gelatinous groups with which they are associated.

Amphipods of the suborder Hyperiidea are strictly marine and pelagic. Al-
though they are not as abundant as copepods or euphausiids, they sometimes oc-
cur in huge swarms (Gray & McHardy, 1967; Vinogradov et al., 1996), which are
consumed by oceanic fishes such as tuna (Iversen, 1962), salmon (LeBrasseur,
1966), and dolly varden (Volkov et al., 1996), as well as by baleen whales
(Nemoto, 1959). Hyperiid amphipods, while pelagic, are not necessarily plank-
tonic. Many species maintain particular associations with gelatinous zooplankton
hosts (Harbison, 1998). This association has long been noted in diverse studies
based on samples collected with nets. Subsequently, in situ behavioural obser-
vations presented direct proof for associations of hyperiids with salps (Madin
& Harbison, 1977), and with cnidarians and ctenophores (Harbison et al., 1977,
1978). According to Laval (1980), perhaps all hyperiids are associated with
gelatinous zooplankton at the onset of their existence, but the persistence of this
relationship varies with different hyperiid species. Some, such as members of the
genus Parathemisto, appear to leave their host at an early stage, and from then
on to behave more like predators, with prey used as resting places (Madin &
Harbison, 1977). Phronima sedentaria (see tables I and III for authors and dates
of all species referred to herein) shows a singular behavior, fashioning barrels
from the tunics of pelagic tunicates (Laval, 1978). Many hyperiids are known to
deposit their embryos in or on their host.
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METHODS

This analysis of hyperiid amphipods and their gelatinous hosts is based on
samples collected by the California Cooperative Oceanic Fisheries Investigations
(CalCOFI), in the Southern California Bight and region immediately offshore.
The zooplankton samples used in this study were from twelve CalCOFI cruises
(5104, 5304, 5604, 6604, 7203, 7402, 7904, 8004, 8605, 9103, 9504, and 9704,
where the first two digits designate the year and the last two the month of the
cruise). These cruises were selected to span the time period censused by CalCOFL,
avoiding strong El Nifio years since our focus was on interdecadal rather than
interannual variations. Springtime samples were selected to obtain the largest
number of years for this study. Sampling methods are described in detail in
Ohman & Smith (1995). Briefly, a 1-m diameter ring net with 0.55 mm mesh
was towed to a depth of 140 m from 1951-1968, a 1-m ring net with 0.505 mm
mesh to 210 m from 1969-1977, and a 0.71-m diameter bongo net with 0.505 mm
mesh was towed to 210 m from December 1977 to present. We analyzed only
samples collected during night hours (before 05:00 and after 19:00) from the area
between Point Conception (34°26'N 120°28'W) to the border between Mexico
and the U.S.A., and a maximal distance approximately 300 km offshore. Eight
to 19 zooplankton samples were analyzed per cruise, 158 in total. These include
CalCOFI lines 80 through 93 and those stations extending from the coast offshore
through station 70.

Hyperiid amphipods and gelatinous zooplankton groups (siphonophores, hy-
drozoan and small scyphozoan medusae, ctenophores, doliolids, salps, and py-
rosomes) were counted from the complete sample when individual body size
exceeded 25 mm in length. After removal of these large specimens, subsampling
was done with a 5 ml Stempel pipette until 1/8 of the original sample had been
enumerated. In cases where the resulting total number of hyperiids for a particu-
lar cruise was much less than 100 individuals, we counted a larger fraction of the
samples. All hyperiid amphipods in this fraction were identified to species. For
gelatinous groups, animals were identified to genus or species if the specimen
permitted, otherwise to basic taxon. Hyperiids were identified with reference to
Brusca (1981) and Vinogradov et al. (1996).

Counts were standardized to individuals - m~2 of sea surface. To estimate mean
abundance and 95% confidence interval, data were first Ln(x + 1) transformed.
Diversity of hyperiid amphipods was estimated using modified rarefaction curves
with the equation proposed by Hurlbert (1971):




492 B. E. LAVANIEGOS & M. D. OHMAN

: N-N;
E(S,) = zb: 1 — LL_)

i=1 (17\{)

where E(Sy) is the expected number of species in a sample of n individuals, N;
is the number of individuals of the ith species (1 = 1,2,...,5), and N is the
total number of individuals enumerated in a sample.

Spearman rank order correlation analysis was carried out between abundance
of total hyperiids and abundance of potential gelatinous hosts (calycophoran
siphonophores, physonect siphonophores, medusae, ctenophores, doliolids, salps,
and pyrosomes). Furthermore, correlation analysis was done between the com-
mon hyperiid species and individual potential host species. The Bonferroni cri-
terion for significance level (o' = «/k) was used, where k is the number of
possible correlations, to correct the « level for multiple testing.

RESULTS

Sixty-two species of hyperiid amphipods were found in the Southern California
Bight region. In addition, Cystisoma sp. was detected in two years (1956 and
1995}, although the species present could not be assigned definitively. Primno
brevidens was the most frequently encountered species, observed in 78% of
the samples. Eighteen other species may be considered common since they were
present in 11 to 47% of the samples. The remaining 43 species were found in less
than 10% of the samples, and 19 of them were very rare, occurring in only one
sample (table I). Primno brevidens was the most abundant species in all the years
under study excepting 1974 when it was surpassed by Parathemisto pacifica and
Scina tullbergi. Though P. brevidens maintained its dominance during the period
under study, most of the hyperiid species showed changes in abundance. Before
describing temporal patterns by species, the hyperiid community as a whole will
be considered.

A decrease in the number of individuals per species was observed when com-
paring the period from 1951 to 1974 with 1979 to 1997. These changes are
evident when log-abundances of species are ranked in decreasing order (fig. 1a).
In this type of graph, also called a dominance-density curve or a species impor-
tance curve, a community with a high degree of diversity will tend to have more
species and more equitable abundances of each species than a community of low
diversity (Brower et al., 1990). The initial slopes of the lines in 1951-1974 were
lower than in 1979-1997 (P < 0.05, Mann-Whitney U test based on regression
slopes fitted to the first three species from each year), reflecting greater evenness
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Fig. 1. a, Dominance-density curves based on logarithmic abundance as a function of number
of species of hyperiid amphipods; and b, Hurlbert’s modified rarefaction curves for hyperiid am-
phipods from twelve cruises in Southern California waters,

during the earlier time period (fig. 1a). However, 1974 showed a steep slope
due to the dominance of Parathemisto pacifica in that year, A change in species
diversity over time also appeared when plotted as Hurlbert’s modified rarefac-
tion curves (fig. 1b). The curves for the period 1951-1972 show higher species
richness, while most of the curves for 1979-1997 have lower species richness.
The curve for 1974 has a different behavior than the rest of the earlier period,
with low species richness and elevated abundances of the two species mentioned
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Fig. 2. Interannual variation in residual from the long-term mean of hyperiid species richness,
based on Hurlbert’s modified rarefaction estimated when the number of individuals enumerated is
88,

previously. The expected number of species at an abundance of 88 individuals
(E(Sgg), for which all years can be compared) was 18 to 21 species for 1951 to
1972, 17 in 1974, and 15 to 18 species for 1979-1997, excepting in 1980 when
E(Sgg) was 20. The trend of decrease in species richness during the recent years,
especially 1995 and 1997, is most clearly observed when plotied as residuals
from the long-term mean (fig. 2).

In addition to these changes in species richness, median abundances of hyper-
iids from 1951 to 1974 were almost twice hyperiid abundances from 1979-1997
(P < 0.001, Mann-Whitney U test, fig. 3a). To examine a possible diminution in
gelatinous hosts, with which hyperiids are thought to be associated, correlations
were explored between total abundance of hyperiids and abundances of different
gelatinous taxa (table II). Total abundance of hyperiid amphipods was signifi-
cantly correlated with salps, physonect siphonophores, pyrosomes, ctenophores,
and doliolids. Total hyperiids was not significantly correlated with medusae or
calycophoran siphonophores. Analysis of temporal trends in abundance of am-
phipods and possible hosts showed that in 1951, 1953, 1956, 1966, 1972, and
1974 mean hyperiid abundances were at or above the historic mean (dashed line
in fig. 3a), shifting to lower values in the six more recent years. Some gelatinous
taxa, particularly physonect siphonophores (fig. 3c) and ctenophores (fig. 3e)
showed a similar trend, although some years between 1979-1997 did not agree
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TABLE 11
Spearman runk correlation coefficients (r) between the abundance of total hyperiid amphipods and
various gelatinous taxa (N = 158 sample pairs); “ns” indicates ¢’ > 0.05

Taxa r o
Salps 0.385 < 0.001
Physonect siphonophores 0.339 <0.001
Pyrosomes 0.294 0.001
Ctenophores 0.239 <0.05
Doliolids 0.218 <0.05
Medusae 0.162 ns
Calycophoran siphonophores -0.010 ns

with this trend (e.g., 1980 and 1986). The abundance of salps (fig. 3b) and do-
liolids (fig. 3f) showed a tendency toward lower values in the most recent years.
‘The temporal pattern of pyrosomes (fig. 3d) was less clear, with values generally
low and a distinctive high mean abundance only in spring of 1956. Medusae
(fig. 3g) and calycophoran siphonophores (fig. 3h) tended to increase over the
recent time period.

Previous authors (table I) have extensively documented the associations be-
tween hyperiid species and hosts. Most of this information comes from Atlantic
and Mediterranean areas. In our samples, some hyperiid specimens were found
embedded in the tissues of gelatinous specimens, particularly in salps (table I),
a situation that is easily distinguished from artifacts of association in the cod
end of a net. Some of these associations have been reported in earlier stud-
ies, including the association of Salpa aspera (= Salpa fusiformis aspera) with
Vibilia armata or V. propinqua. Detection of Streetsia steenstrupi inside the the-
cosome “pteropod” Corolla spectabilis, and Lestrigonus schizogeneios in Dolio-
letta gegenbauri, must be considered tentative, requiring confirmation through
in situ observations, as there are no previous records for these hosts. Also, the
relation of Vibilia australis and Primno brevidens with siphonophores could be
questionable since the amphipods could be prey of these carnivorous animals.
However, many amphipods in our samples likely separated from the host at the
moment of capture. It is well known that turbulence and abrasion during net
collections can result in escape of the hyperiid from its host (Laval, 1980). It is
also possible that the destruction of soft tissues by formalin contributes to the
release of parasitoids in old preserved samples.

To explore associations between specific parasitoids and hosts, we tested cor-
relations among the 15 most common species of hyperiids and 10 siphonophore
species, 9 medusae species (or genera), 5 salp species, one doliolid species, one
pyrosome genus, and total ctenophores. From 4035 Spearman correlation coeffi-
cients only twelve were significant at o/ < 0.05 (when corrected for multiple
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testing) and one more may be included if the rejection level is taken as 0.1
(table IIT). Forty-six percent of these correlations involved a salp as host. The
correlation coefficients with the highest significance (o' < 0.001) were between
the salp Pegea confoederata and the hyperiids Vibilia viatrix, Streetsia steen-
strupi, and Phronimopsis spinifera. The salp was found only in the 1950s and
in 1974. In the years when P. confoederata was absent, the amphipods V. via-
trix, S. steenstrupi, and P. spinifera were also absent or limited in abundance
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TABLE III
Correlations between common hyperiid amphipods and potential gelatinous hosts. Solid arrows
indicate Spearman rank correlation coefficients with o’ level £ 0.05, dotted arrows indicate 0,05 <
o' < 0.10, and no arrows indicate o > 0.10 (N = 158). (Si, siphonophores; M, medusae; Sa,
salps; D, doliolids; P, pyrosomes)

Hyperiids Hosts

Vibilia viatrix
Streetsia steenstrupi
Phronimopsis spinifera
Eupronoe minuta
Scina tulibergi
Vibilia armata —
Parathemisto pacifica -
Lestrigonus shoemakeri
Lestrigonus schizogeneios

Pegea confoederata (Sa)
Liriope tetraphylla (M)
Salpa fusiformis (Sa)
Diphyes dispar Chamisso & Eysenhardt, 1821 (Si)
Lensia conoidea (Si)
Chelophyes appendiculata (Eschscholtz, 1829) (Si)
lasis zonaria (Sa)
o Salpa aspera (Sa)

Paraphronima gracilis .~ Ceratocymba sagitatta (Si)
Chuniphyes multidentata Lens & Van Riemsdijk, 1908 (Si)
Paraphronima crassipes Eudoxides spiralis (Bigelow, 1911) (Si)
Phronima sedentaria Muggiaea atlantica Cunningham, 1892 (Si)
Primno brevidens Nanomia bijuga (Chiaje, 1841) (Si)
Scina borealis Praya dubia (Quoy & Gaimard, 1833) (Si)
Tryphana malmi Sphaeronectes gracilis (Si)

Aegina citrea Eschscholtz, 1829 (M)

Aglaura hemistoma Péron & Lesueur, 1809 (M)
Obelia Péron & Lesueur, 1809 (M)

Periphylla Haeckel, 1880 (M)

Phialopsis diegensis Torrey, 1909 (M)
Solmundella bitentaculata (Quoy & Gaimard, 1833) (M)
Velella Linnaeus, 1775 (M)

Ctenophores

Thalia democratica (Sa)

Dolioletta gegenbauri (D)

Pyrosoma (P)

(fig. 4c, g, h). Some hyperiids may be associated with more than one host, since
they showed more than one significant correlation.

Other common hyperiid species, though not significantly correlated with a
particular host, showed varying tendencies toward lower abundances in recent
years (fig. 4d-f, i), although large confidence intervals were associated with each
mean. Phronima sedentaria, whose behavior of digging barrels from gelatinous
hosts is well known, showed mean abundances below the historic mean in the last
six years studied (fig. 4d). It is interesting to note that in spring 1972 the highest
number of gelatinous barrels was found in the samples, just the year of highest
abundance for both P. sedentaria and Salpa aspera. The correlation between the
abundances of barrels and P. sedentaria was significant (o« < 0.01). Parathemisto

Vihilia australis

5 I - L R
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pacifica showed a different pattern of variability, decreasing in 1953 and 1966,
with high values in the seventies, and then sharply declining, being virtually
absent in 1980, 1991 and 1995, and reappearing in 1997 (fig. 4k). A similar
pattern was observed in Tryphana malmi and Vibilia australis (fig. 41, m),

DISCUSSION

The smallest number of species of hyperiid amphipods observed over the
47-year span of this study was found in the most recent years analyzed, 1995
and 1997. However, the transition to lower hyperiid species richness probably
occurred before the 1990°s. At present the timing of this transition is difficult
to resolve because we do not yet have annual level resolution of hyperiid di-
versity trends. Furthermore, interdecadal trends can be obscured by interannual
variations. For example, the years 1974 and 1980 had anomalously low and
anomalously high numbers of hyperiid species, respectively. Apart from these
years, which may reflect the effects of unusual circulation, the rarefaction re-
sults suggested that all other years between 1951 to 1972 had anomalously high
numbers of species, while the years from 1979 to 1997 showed lower numbers
of hyperiid species. In addition, the evenness of hyperiid species abundances
was higher in the period 1951-1974 than in 1979-1997, reflecting more equitable
distributions of individuals among species in the earlier time period.

These changes in hyperiid diversity and abundance recall the large-scale cli-
mate transition in the North Pacific, which has been placed in the winter of
1976-1977 (Ebbesmeyer et al., 1991; Miller et al., 1994; Polovina et al., 1994;
Trenberth & Hurrel, 1994). Examination of 40 time series of environmental vari-
ables, including atmospheric, oceanographic and biological factors, consistently
showed a step-like change in 1976 (Ebbesmeyer et al., 1991). A southward shift
and intensification of the Aleutian Low atmospheric pressure system (Graham,
1994; Trenberth & Hurrel, 1994) marked the change in climate regime.

In the central North Pacific Ocean, a doubling of chlorophyll occurred after the
mid 1970s, associated with cooling of surface waters and increase in winter winds
(Venrick et al., 1987). The elevated phytoplankton biomass in the area has been
linked to a substantial increase of calanoid copepods and sablefish after 1976
(McFarlane & Beamish, 1992). In contrast, the Southern California Bight and
region offshore showed a decrease in macrozooplankton biomass (Roemmich &
McGowan, 1995a, b) and in the abundance of pelagic seabirds (Veit et al., 1996),
associated with a warming of the surface layer and increased stratification. The
reduced abundance of hyperiids agrees with the decline in zooplankton biomass in
Southern California Bight (Roemmich & McGowan, 1995a, b). The decrease of
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hyperiid amphipods as a whole (fig. 3a) and of many individual species (fig. 4a-i)
during the warm climate regime in the California Current, is further biological
evidence of a shift in climate regime. The present study indicates that abundance
as well as species richness of some zooplankton taxa has declined in recent
decades.

Neither the long-term decline in zooplankton biomass (Roemmich & Mc-
Gowan, 1995a, b), nor the richness of the hyperiid community observed in the
present study, can be atiributed to changes in sampling methods over the course
of the CalCOFI time series. Ohman & Smith (1995) compared how changes
in sampling depth (from 140 to 210 m in 1969) and in type of net (from 1-m
diameter ring net to a 0.71 m bongo net in 1977) affected the efficiency of col-
lecting zooplankton biomass. They found that biomass in samples collected to
210 m compared with samples collected to 140 m was 27% lower when biomass
is expressed per unit volume filtered, while samples collected with the bongo
net contained 37% more biomass than those collected with the 1-m bridled ring
net (Ohman & Smith, 1995). Therefore, biomass values pre-1969 and post-1977
were quite comparable. Hewitt (1980) found that the bongo net collected more
large larvae of the northern anchovy, and Brinton & Townsend (1981) observed
that catch efficiency of the bongo net design was better for juvenile and adults
of most euphausiid species. Therefore, the decrease in hyperiid abundance and
hosts observed in the last two decades does not appear to be due to changes in
sampling techniques. In fact, these changes suggest a possible underestimation
of the magnitude of that decrease.

The Southern California Bight region showed strong dominance of Primno
brevidens through the period under study. This species, described by Bowman
(1978), must have been confused in early studies with Primno macropa (cf.
Hurley, 1956; Brusca, 1967). Both species coexist in the California Current, but
P, brevidens is more abundant in adjacent waters of California, while F. macropa
is associated with subarctic water (Bowman, 1978). Though Primno was men-
tioned as a common genus in the region during 1948-1955, it was not the most
important (Hurley, 1956; Brusca, 1967). Since the abundance of P. brevidens was
relatively stable through the period 1951-1997, the increased relative abundance
of this species was due to a decrease of other co-dominant amphipods, such as
Vibilia armata, V. viatrix, Paraphronima crassipes, P. gracilis, and Phronima
sedentaria (fig. 4). Three of these hyperiids showed significant correlations with
gelatinous organisms, suggesting that the decline in total zooplankton biomass
observed by Roemmich & McGowan (1995a, b) could be due to a decrease in
gelatinous organisms necessary for hyperiids to survive. This decline is particu-
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larly true for Pegea confoederata and Salpa aspera, which showed high pulses
of abundance in the period previous to the 1976-1977 climate shift, but not after.

Along with the numerous reports of hyperiids found in the tissues of inferred
gelatinous hosts (table I), direct evidence of the association hyperiid-host has
been provided by behavioral studies (Harbison et al., 1977, 1978; Madin & Har-
bison, 1977). Multivariate analysis of zooplankton groups also pointed to the
close relation between hyperiids and gelatinous groups in the California Current
system (Colebrook, 1977). The nature of the association is still not clear. Laval
(1980) suggested that all hyperiids are associated with gelatinous zooplankton
early in their development. The relation previously had been described as com-
mensalism but because some of the amphipods eventually destroy their host,
they are more appropriately called parasitoids (Laval, 1980). Undischarged ne-
matocysts have been frequently observed in fecal pellets of hyperiids but it is
difficult to prove that they originated from the host (Thurston, 1977). Further re-
search emphasizing in situ behavioral approaches is clearly needed to understand
the hyperiid-host association. Whatever the exact details of these associations,
our results are in agreement with the dependence of hyperiids on host organ-
isms and suggest that hyperiids have been influenced by decreased availability
of gelatinous hosts, thus reducing the diversity of this planktonic group.

Prior to the warm climate regime, a strong influence of Subarctic water in the
Southern California Bight appears to have occurred, since Parathemisto pacifica
dominated the hyperiid community in 1974 (fig. 4k). This species overwhelm-
ingly dominates the cool-water epipelagic hyperiid amphipod fauna, as has been
observed in northern regions of the California Current and other regions of the
North Pacific (Bowman, 1960; Sanger, 1973; Lorz & Pearcy, 1975). Although
Bowman (1960) considered P. pacifica to be free living, later studies reported
this species inside the medusa Calycopsis nematophora (cf. Renshaw, 1965) or
in association with salps (Brusca, 1981). In the present study it was positively
correlated with the calycophoran Lensia conoidea (table III). Another hyperiid
with high abundance in 1974 was Vibilia australis, which apart from that year
was only found in low numbers during the colder climate regime (fig. 4m). This
species is the most northerly recorded species of Vibilia occurring in our study
region (cf. Sanger, 1973).

This study found differences in the rank order of importance of some species
in comparison with reports from previous studies in the Southern California
Bight (Hurley, 1956; Brusca, 1967, 1981). The abundance of Scina tullbergi,
Phronimopsis spinifera, and Tryphana malmi was relatively higher in the present
research compared to that of those authors. The probable reason for this is the
coverage of the sampling area. Qur working area extended further offshore.
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S€s In contrast, Scina borealis, S. crassicornis, and Cystisoma fabricii were less
er. | abundant in our samples, perhaps due to the wide vertical range of these species
red | compared to S. tullbergi, which lives in the upper 500 m (Thurston, 1976).
1as | In conclusion, we have found changes in the biodiversity of zooplankton from
ar- , the Southern California region that may be related to long-term warming in
the ‘ the California Current System. Analysis of plankton samples from intervening
ent years is needed to understand the precise timing of the changes and the under-
val j lying mechanisms. Further studies in other regions of the California Current are
on ‘ required to estimate the extent of the affected area. Comparative studies with
m- j other North Pacific regions are also important in order to assess the large-scale
St spatial coherence of trends in the diversity and abundance of hyperiids and the
ne- gelatinous groups with which they are associated., ;
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