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Abstract:  We explored possible associations between jellyfish biomass (Aequorea spp., Aurelia labiata, Chrysaora 
melanaster, and Cyanea capillata), juvenile salmon (Oncorhynchus keta, O. nerka, O. gorbuscha, O. kisutch, and 
O. tshawytscha) abundance, and oceanographic characteristics (temperature, salinity, chlorophyll-a, and bottom 
depth) during two warm years (2004, 2005) and two cool years (2006, 2007) in the eastern Bering Sea from the 
annual Bering-Aleutian Salmon International Surveys (US BASIS).  A significant difference was observed in the 
mean relative biomass of the four jellyfish species in response to the various conditions in warm versus cool years.  
Our results indicated that juvenile O. tshawytscha were significantly associated with cooler temperatures in only 
cool years and shallower bottom depths in all years.  Juvenile O. kisutch were associated with shallower than 
average bottom depths for all years and juvenile O. keta had only cool-year associations with lower salinities and 
shallower bottom depths.  Similar spatial distributions were seen between jellyfish and juvenile salmon, suggesting 
the possibility of competition.  Immature O. keta were significantly associated with the same physical ocean factors 
as Aequorea spp. during fall warm years, indicating a potential for interaction.
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IntroduCtIon

 How large marine ecosystems respond to shifts in cli-
mate is one of the major issues facing fisheries managers 
today (Kafarowski 2003; Moser and Leurs 2008).  The re-
sponse by management to these changes could impact the 
future utilization of marine resources. Having the ability to 
predict the effects of climate change on community structure 
at either a small or large scale would enhance a manager’s 
ability to adequately maintain marine resources.
 On the eastern Bering Sea shelf, shifts between warm 
and cool climate states have impacted the pelagic ecosystem 
in profound ways.  For instance, anomalously cold spring sea 
surface temperatures (SST) (Overland 2008) were believed 
to lower pelagic productivity, reducing the number of age-
0 Theragra chalcogramma (walleye pollock) (Moss et al. 
2009), Bristol Bay Oncorhynchus nerka (sockeye salmon) 
(Farley et al. 2007) and Kuskokwim O. keta (chum salm-
on) and O. tshawytscha (Chinook salmon) (Farley et al. in 
press).  However, jellyfish have shown an opposite shift in 
abundance, declining during years with warm SSTs (Brodeur 
et al. 2008a).  Zooplankton species composition was also af-
fected by changing SSTs, shifting from larger oceanic zoo-
plankton in cool years to smaller zooplankton species during 
warm years (Coyle et al. 2008).
 The planktonic nature of jellyfish makes them subject to 
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the same physical properties of the water column that affect 
the vertical migration of pelagic fish and other planktonic 
organisms (Kiørboe et al. 1990).  Current, temperature, sa-
linity, predator-prey interactions, competition, and light have 
measurable effects on gelatinous zooplankton and, in turn, 
the fish and other zooplankton that occupy similar habitats  
(Kiørboe et al. 1990; Pagès and Gili 1992).  Jellyfish asso-
ciations have been documented worldwide between many 
species of fish and jellyfish on many occasions (Mansueti 
1963; Hamner and Schneider 1986; Brodeur 1998a; Hay 
et al. 1990).  These fish and jellyfish associations occur for 
several reasons but in Alaska, specifically with the jelly-
fish Cyanea capillata (lion’s mane), Aurelia labiata (moon 
jelly), and Chrysaora melanaster (sea nettle), they seem to 
occur because of spatial and dietary resource overlap, which 
has been observed with young-of-the-year T. chalcogramma 
(Brodeur 1998b; Brodeur et al. 2000; Purcell and Sturdevant 
2001).  The O. keta diet includes a large portion of gelatinous 
species, making potential associations for predation possible 
(Arai 1988; Purcell and Arai 2001; Arai et al. 2003).  We 
know that jellyfish biomass on the eastern Bering Sea shelf 
can be substantial (Brodeur et al. 2002), but it is not clear 
what effect this large biomass has on salmon abundance, ei-
ther through competition, predation, or as refuge from poten-
tial predators. 
 In this paper, we explore possible associations among 
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oceanographic characteristics, jellyfish biomass, and juve-
nile and immature salmon abundance in the eastern Bering 
Sea.  The data come from pelagic trawl and oceanographic 
surveys (Bering-Aleutian Salmon International Surveys, 
BASIS) along the eastern Bering Sea shelf during August 
through early October, 2004–2007.  The surveys were con-
ducted during two anomalously warm (2004 and 2005) and 
cool (2006 and 2007) spring SST years.  Our objective was 
to determine if a particular species of jellyfish or salmon 
were associated with oceanographic characteristics on the 
shelf.  Testing for significant associations among salmon, 
jellyfish, oceanographic characteristics, and bottom depths 
could provide insight into where these marine organisms 
distribute themselves and whether or not salmon have the 
potential to compete with or utilize jellyfish as a resource in 
various climate states.

MAtErIALS And MEtHodS

 We conducted trawl surveys from mid-August to early 
October in 2004–2007 across the eastern Bering Sea shelf 
as part of the BASIS survey.  The sampling grid covered the 
shelf off western Alaska, from 159°W to 174°W longitude 
and 54.5°N to 64°N latitude (Fig. 1).  All stations were ap-
proximately 30 nautical miles (55.6 km) apart.  The number 
of stations sampled each year was dependent upon weather.  

Fig. 1.  The U.S. Bering-Aleutian Salmon International Surveys (BA-
SIS) station grid for fall 2004–2007 in the eastern Bering Sea.

For our purposes and to maintain consistency among years, 
only stations from 55.5°N to 63.5°N latitude and those lo-
cated on the shelf were included in the analysis (Fig. 1).
 Fish and jellyfish were collected using a midwater rope 
trawl, towed at or near the surface, with typical spreads of 
66.4 m horizontally and 14.6 m vertically.  All sampling was 
performed during daylight hours.  The salmon collected were 
sorted by species and counted.  The salmon species included 
in this paper are: juvenile O. keta, O. nerka, O. gorbuscha 
(pink salmon), O. kisutch (coho salmon), and O. tshawytscha 
and immature O. keta.  Every medusa caught in the codend 
of the trawl net was sorted to species.  The first 50 intact 
individuals of each species were weighed (wet weight in 
kilograms).  Wet weights were taken for all remaining in-
dividuals and pieces to calculate total biomass of each spe-
cies (Suchman and Brodeur 2005).  The jellyfish typically 
encountered by the trawl were Chrysaora melanaster, Cya-
nea capillata, Aequorea sp., and Aurelia labiata.  Detailed 
BASIS field sampling methods can be found in Farley et al. 
(2005). 
 Oceanographic data were collected at each station im-
mediately prior to deploying the trawl.  Vertical profiles of 
temperature and salinity were measured with a Sea-Bird 
Electronics Inc. (SBE) Model 25 or Model 9 conductivi-
ty-temperature-depth profiler (CTD).  Sampling occurred 
across domains on the shelf.  Oceanographic characteristics 
include salinity, temperature (°C), chlorophyll-a (µg/L), and 
bottom depth (m).  All oceanographic characteristics were 
average values by station from 0 to 15 m.  Chlorophyll-a 
was determined from in situ fluorescence that was calibrated 
with discrete chlorophyll samples.  The chlorophyll-a values 
for 2007 were incomplete and have not been included in this 
analysis.

Frequency, composition, relative biomass, and distribu-
tion

 We analyzed survey data from 532 stations over 4 years 
to determine how often we caught specific species, the an-
nual variation in composition, and the annual variation in 
relative biomass.  To account for the frequency of a jelly-
fish occurring in the net during sampling, we calculated the 
percent for each species by weight (kg) for each year.  Spe-
cies composition was calculated by pooling data from each 
trawl catch into warm and cool years and then calculating a 
percentage.  A one-tailed Z-test at the 99% confidence limit 
was used to test for significant differences between the warm 
and cool year proportions for each species.  For changes in 
biomass, we calculated relative biomass (kg/km2) for each 
station and then pooled warm and cool years and applied a 
single factor ANOVA.  To determine if the two warm years 
were similar in terms of biomass, we ran an additional single 
factor ANOVA on the 2004–2005 data, and on the 2006–
2007 data.  Mean relative biomass was calculated to examine 
differences in individual years.  Catch distribution plots were 
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made of each species during warm and cool years to show 
distributions within a sample area and the potential for in-
teractions through distribution overlap between jellyfish and 
salmon species (Figs. 3–5).

Associations

 To identify associations between habitat characteristics, 
salmon species and jellyfish species, we developed general 
frequency distributions for each variable (salmon catch per 
unit effort (CPUE), salinity, chlorophyll-a, temperature, bot-
tom depth, and jellyfish weight per unit effort (WPUE)) by 
constructing their empirical cumulative distribution func-
tions (cdf) (Figs. 6–9).  We statistically compared the cdfs of 
oceanographic characteristics, bottom depth, salmon species 
and jellyfish species using a modified version of the methods 
described in Perry and Smith (1994).  The probability associ-
ated with each observation in a cdf simplifies to 1/n where n 
represents the number of hauls or sets in the sampling grid 
per year.  The cdf for each habitat variable (xi; i = 1, n ) is 
constructed to incorporate the survey design

(1)       
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Year Designation Characteristic Average Std. Error Minimum Maximum

2004 warm Temperature 10.81 0.13   7.09 14.00

2005 warm Temperature   8.99 0.24   5.06 13.24

2006 cool Temperature   8.98 0.11   4.34 11.67

2007 cool Temperature   5.61 0.20   1.57 11.78

2004 warm Salinity 31.31 0.06 28.93 32.35

2005 warm Salinity 31.37 0.06 29.89 32.56

2006 cool Salinity 31.06 0.11 23.27 32.93

2007 cool Salinity 31.56 0.05 30.37 33.00

2004 warm Chlorophyll-a   2.04 0.10   0.45   9.31

2005 warm Chlorophyll-a   2.45 0.13   0.56   9.28

2006 cool Chlorophyll-a   1.60 0.09   0.39   5.73

2007 cool Chlorophyll-a - - - -

Table 1.  Average values for oceanographic characteristics, temperature (°C), salinity, and chlorophyll-a (µg/L) for warm and cool years in the 
eastern Bering Sea from 2004–2007.  The average of each characteristic is based on values from the top 15 m of the water column at all stations 
in the U.S. BASIS surveys (Bering-Aleutian Salmon International Surveys) sample area.  The column “designation” labels the year as either 
warm or cool based on spring sea surface temperatures taken from the NOAA Bering Climate web page (available at: http://www.beringclimate.
noaa.gov/data).The data originated from the M2 mooring located in the southeast Bering Sea (56.9ºN, 164.1°W).

Year Aequorea sp. Aurelia labiata Chrysaora melanaster Cyanea capillata Other species

2004 25.9 1.2 65.1   6.1 1.6

2005 19.0 0.5 65.3   7.5 7.7

2006 27.4 0.7 61.1 10.0 0.8

2007   2.5 0.1 93.8   3.4 0.1

Table 2.  Species composition by year for the fall U.S. BASIS (Bering-Aleutian Salmon International Surveys) surface trawl survey.  Values are 
in percent and are calculated from total catches (kg).

 

Fig. 2.  Mean relative biomass by year for combined jellyfish spe-
cies in the eastern Bering Sea from the U.S. BASIS (Bering-Aleutian 
Salmon International Surveys) surface trawl surveys.  Filled bars 
represent the warm years, open bars, the cool years, with standard 
error shown.

with the indicator function

If xi ≤ t

Otherwise

and where, t represents an index, ranging from the lowest 
to the highest value of the habitat variable at a step size ap-
propriate for the desired resolution.  In our analysis, bottom 
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Fig. 3.  Catch distribution plots for jellyfish species from the U.S. BASIS survey (Bering-Aleutian Salmon International Surveys) during fall warm 
and cool years.  Open white squares represent catch locations during warm years (2004–2005) for each species and black filled squares rep-
resent cool years (2006–2007).
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depth ranged from 0–130 m at step size 10, temperature 
ranged from 4° to 13°C at step size 1, salinity ranged from 
29 to 33 parts per thousand at step size 0.5, and average chlo-
rophyll-a ranged from 0–5 µg/L with a step increase of 1.  
 Each salmon and jellyfish species was associated with a 
habitat characteristic by

(2)  

where yi is the number or weight of  individuals of a particu-
lar species in set i and      is the estimated mean catch of a par-

ticular species.  We used the test statistic described in Perry 
and Smith (1994) to test the strength of the associations by 
assessing the degree of difference between the 2 curves g(t) 
and f(t) (Figs. 6–9).  The maximum absolute vertical distance 
between g(t) and f(t) was estimated using

(3)  

 We modeled the distribution of the test statistic under 
the null hypothesis of random association between individ-y

 
)(1)( i

i

i
xI

y
y

n
tg ∑=

 
∑ 









 −

∇ i
i

i xI
y

yy
nt

)(1max



NPAFC Bulletin No. 5

213

Jellyfish and juvenile salmon in the eastern Bering Sea

ual salmon species (CPUE) and jellyfish species (WPUE) 
with habitat characteristics through Monte-Carlo sampling 
(see Perry and Smith (1994) for details).  The pairings of  
(1/n)[yi–  )/  ](1/n) and xi were randomized over all i and 
the test statistic was calculated for the new pairs.  This was 
repeated 1000 times to produce a pseudo-population of test 
statistics under the null hypothesis.  Afterwards, the original 
test statistic for a given species and oceanographic charac-
teristic was compared with increasing (sorted) values from 
the randomized procedure and the number of pseudo-test 
statistics that were equal to or greater than the original test 
statistic were counted.  The probability of obtaining a test 

statistic for a given species and variable (habitat character-
istic, salmon species, or jellyfish species) is equal to (1- the 
number of pseudo-test statistics greater than or equal to the 
test statistic/1000).

rESuLtS

 Analysis of oceanographic characteristics from our sur-
veys showed that the average sea surface temperatures (top 
15 m) were lower in 2005, 2006, and 2007 than those mea-
sured in 2004 (Table 1).  Average salinities (top 15 m) were 
lowest in 2006 and highest in 2007.  Warm/cool year differ-

 
Fig. 4.  Catch distribution plots for juvenile salmon species (Oncorhynchus spp.) from the U.S. BASIS survey (Bering-Aleutian Salmon Interna-
tional Survey) during fall warm and cool years.  Open white circles represent catch locations during warm years (2004–2005) for each species 
and black filled circles represent cool years (2006–2007).
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ences were not observed (Table 1).  The average chlorophyll-
a (top 15 m) was also lowest in 2006 compared to the two 
warm years (Table 1).
 In warm years, the frequency at which the four jellyfish 
species occurred in our nets was 94% Chrysaora melanaster, 
72% Cyanea capillata, 60% Aequorea sp., and 39% Aurelia 
labiata.  The frequency of occurrence in cool years differed 
significantly from warm years with 81% C. melanaster, 44% 
Cyanea capillata, 39% Aequorea sp., and 14% A. labiata 
(P < 0.01, Z = 4.964, 6.336, 4.435, 6.437).  Species com-
position (percent catch) remained relatively the same from 
2004–2006 with C. melanaster having the highest composi-

 

Fig. 5.  Catch distribution plots for juvenile salmon (Oncorhynchus spp.) and jellyfish species from the U.S. BASIS survey (Bering-Aleutian 
Salmon International Surveys) during fall warm and cool years.  Open white symbols represent catch locations during warm years (2004–2005) 
for each species and black filled symbols represent cool years (2006–2007).

tion (61–65%), followed by Aequorea sp. (19–27 %) (Table 
2).  In 2007, C. melanaster dominated the composition at 
94% with all other species decreasing dramatically (Table 2).  
Relative biomass for combined jellyfish species was signifi-
cantly higher in warm than in cool years (F1.497 = 35.04, P < 
0.01).  There was no difference in the mean relative biomass 
for individual warm years (F1.234 = 0.13, P = 0.72) or indi-
vidual cool years (F1.261 = 2.68, P = 0.10) (Fig. 2).  
 Chrysaora melanaster was seen at almost every station 
on our survey grid in warm years.  During cool years we 
noted a slight decrease in distribution but the majority of our 
sampling grid was still occupied by C. melanaster indicat-
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ing distribution overlaps with all species of salmon during 
both warm and cool years (Figs. 3–5).  The distribution of 
Aurelia labiata was mainly south of 60ºN in the Bristol Bay 
area and at coastal locations in areas north of 60ºN allowing 
for physical overlap with distributions of juvenile O. nerka, 
O. keta, O. kisutch, and O. tshawytscha (Figs. 3–5).  Cya-
nea capillata was distributed throughout the survey location 
with the exception of an area south of 60ºN near the coast; 
there were distribution overlaps with all species of salmon 
(Figs. 3–5).  Aequorea sp. was distributed south of 60ºN, 
mainly along the coast and offshore during both warm and 
cool years; physical overlaps in distribution were seen with 
O. nerka and immature O. keta during warm and cool years 
and juvenile O. keta during warm years only (Figs. 3–5).
 Temperature, salinity, and chlorophyll-a had multiple 
significant associations in multiple years with salmon and 
jellyfish; all associations between species and characteristics 
varied in their trends (Tables 3–5).  Juvenile O. tshawyts-
cha were significantly associated with cooler temperatures 
in only cool years and shallower bottom depths in all years 
(P < 0.05) (Tables 4, 6).  Juvenile O. kisutch were associated 

with shallower than average bottom depths for all years (P 
< 0.05) (Table 6).  Juvenile O. keta had only cool-year as-
sociations with lower salinities and shallower bottom depths 
(P < 0.05) (Tables 5, 6).  For the most part, immature O. keta 
were associated with cooler temperatures in warm years, and 
higher salinities and deeper bottom depths in all years (P < 
0.05) (Tables 4–6).  Although less consistent among years, 
we did find juvenile O. nerka were associated with warm-
er SSTs while juvenile O. gorbuscha were associated with 
cooler SSTs.
 In terms of differences between warm and cool years, 
the only jellyfish species to demonstrate any such difference 
was Aequorea sp., which associated with warmer than aver-
age temperatures only in warm years (2004–2005) (P < 0.05) 
(Table 3).  Aequorea sp. was significantly associated with 
higher salinities and deeper depths in all years (P < 0.05) 
(Tables 4, 6).  Chlorophyll-a did not show any warm/cool-
year influenced association for any species but there were 
some significant year-specific associations (Table 5).

Table 3.  Fall associations based on cumulative frequencies for juvenile salmon CPUE (catch per unit effort) and jellyfish WPUE (weight per 
unit effort) with temperature in the eastern Bering Sea.  Table A shows the p-values resulting from the differences in the cumulative frequencies 
of each species and the oceanographic characteristic temperature collected during the annual U.S. BASIS survey (Bering-Aleutian Salmon 
International Surveys).  Table B shows the trends associated with the statistically significant results between species and temperature.  For 
example, Oncorhynchus nerka was significantly associated with warmer than average temperatures in 2005. Salmon species life-history stages 
are indicated by (j) = juvenile and (I) = immature.

A.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) 0.195 0.554 0.149 0.351
O. nerka (j) 0.13 0.047 0.03 0.458
O. gorbuscha (j) 0.024 0.829 0.012 0.776
O. tshawytscha (j) 0.355 0.315 < 0.001 0.009
O. kisutch (j) 0.143 0.001 < 0.001 0.001
O. keta (I) 0.034 0.003 0.876 0.444
Aequorea sp. < 0.001 0.052 0.175 0.504
Aurelia labiata 0.549 0.049 0.612 0.081
Chrysaora melanaster 0.769 < 0.001 0.002 0.742
Cyanea capillata 0.359 0.086 0.274 0.82

B.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) - - - -
O. nerka (j) - warmer warmer -
O. gorbuscha (j) cooler - cooler -
O. tshawytscha (j) - - cooler cooler
O. kisutch (j) - warmer warmer cooler
O. keta (I) cooler warm/cool - -
Aequorea sp. warmer warmer - -
Aurelia labiata - warmer - -
Chrysaora melanaster - cooler cooler -
Cyanea capillata - - - -
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dISCuSSIon

 Our analysis reveals several associations regarding 
warm and cool spring SST habitat associations of the eastern 
Bering Sea salmon and jellyfish species examined.  Juve-
nile O. tshawytscha and O. kisutch tended to associate with 
shallow depths and low salinity water, indicating that they 
maintained a ’nearshore’ distribution during both warm and 
cool SST years.  Juvenile O. keta were associated with lower 
salinity and shallow depths during years with cool SSTs.  In 
contrast, immature O. keta were associated with deeper loca-
tions during warm SST and higher salinity during all years, 
indicating an offshore distribution during warm SST years.  
Juvenile O. nerka tended to be associated with warmer SSTs 
across cool and warm SST years, whereas juvenile O. gor-
buscha tended to be associated with cooler SSTs across all 
years.  Among the jellyfish, Aequorea sp. were associated 
with offshore locations during all years examined, whereas 
Aurelia labiata tended to be at nearshore locations during 
most years.  Chrysaora melanaster was not associated with 
either depth or salinity but was associated with cooler SSTs 

during years with warm SSTs, indicating that their distribu-
tion may have shifted to regions with cooler SSTs during 
years with warm SSTs.  
 The significant associations between juvenile salmon 
and habitat are consistent with known distributions of juve-
nile salmon in the eastern Bering Sea.  Farley et al. (2005) 
found that juvenile O. tshawytscha and O. kisutch were dis-
tributed in nearshore locations, juvenile O. keta were distrib-
uted from nearshore to across the inner front (50 m depth) 
and juvenile O. nerka were distributed farther offshore in 
depths to 100 m during a year with warm SSTs.  The distri-
butions of juvenile O. nerka and O. keta shifted to nearshore 
locations during years of cool SSTs, whereas the distribution 
of juvenile O. tshawytscha and O. kisutch remained the same 
during warm and cool SST years (Farley et al. in press).  The 
eastern Bering Sea shelf is a migratory corridor for juvenile 
western Alaska salmon emigrating from freshwater rearing 
areas in the north Pacific Ocean (Farley et al. 2005).  The 
timing at which these juvenile salmon migrate is a function 
of water temperature and growth rate (Straty 1974; Burgner 
1991; Healey 1991; Heard 1991; Salo 1991; Sandercock 

Table 4.  Fall associations based on cumulative frequencies for juvenile salmon CPUE (catch per unit effort) and jellyfish WPUE (weight per unit 
effort) with salinity in the eastern Bering Sea.  Table A shows the p-values resulting from the differences in the cumulative frequencies of each 
species and the oceanographic characteristic salinity collected during the annual U.S. BASIS survey (Bering-Aleutian Salmon International Sur-
veys).  Table B shows the trends associated with the statistically significant results between species and salinity.  For example, Oncorhynchus 
nerka was significantly associated with higher than average salinities in 2004.  Salmon species life-history stages are indicated by (j) = juvenile 
and (I) = immature.

A.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) 0.349 0.404 < 0.001 0.032
O. nerka (j) 0.017 0.699 0.643 0.644
O. gorbuscha (j) 0.52 0.919 < 0.001 0.578
O. tshawytscha (j) < 0.001 0.085 < 0.001 0.542
O. kisutch (j) < 0.001 < 0.001 0.034 0.217
O. keta (I) < 0.001 < 0.001 0.002 0.007
Aequorea sp. < 0.001 < 0.001 < 0.001 0.001
Aurelia labiata 0.314 0.02 0.034 0.04
Chrysaora melanaster 0.032 0.023 0.959 0.037
Cyanea capillata 0.422 0.001 0.001 0.152

B.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) - - lower lower
O. nerka (j) higher - - -
O. gorbuscha (j) - - lower -
O. tshawytscha (j) lower - lower -
O. kisutch (j) lower lower lower -
O. keta (I) higher higher higher higher
Aequorea sp. higher higher higher higher
Aurelia labiata - lower low/high low/high
Chrysaora melanaster higher - - lower
Cyanea capillata - higher higher -
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1991; Ocean Carrying Capacity Program 1999).  In addition, 
juvenile western Alaska salmon generally emigrate from 
freshwater rearing areas during ice breakup, and changes in 
river discharge and flow rates (Burgner 1991; Healey 1991; 
Salo 1991; Sandercock 1991).  Thus, variability in the tim-
ing of lake and river ice breakup, which influences flow and 
discharge rates (Scrimgeour et al. 1994) can affect when 
juvenile salmon enter the eastern Bering Sea and thus, the 
amount of time they have to grow and emigrate offshore.  
Therefore, it is likely that the associations found here among 
three of the juvenile salmon species and their habitats is sim-
ply an artifact of their migration patterns during warm and 
cool SST years and not due to an affinity to particular habitat 
characteristics.  We note that juvenile O. tshawytscha and O. 
kisutch may have been an exception as these juvenile salmon 
maintained consistent habitat associations and had consis-
tent distributions during both warm and cool SSTs (Farley 
et al. in press).  However, it is equally likely that juvenile O. 
tshawytscha and O. kisutch are found nearshore due to their 
tendency to feed on shallow water or coastal domain for-
age fish species such as Ammodytes hexapterus (sand lance) 

(Farley et al. in press; Murphy et al. 2009).
 Our conclusions regarding associations between jelly-
fish and eastern Bering Sea oceanographic characteristics 
could be biased due to the type of trawl sampling performed 
during the surveys.  The BASIS research cruises targeted ju-
venile salmon in the top 15 m of the water column.  Thus, it 
is possible that our net did not catch a representative sample 
of the jellyfish species, making it difficult to associate jel-
lyfish biomass with oceanographic characteristics.  The jel-
lyfish captured by our net during the BASIS survey ranged 
in size from 1.5–67.5 cm (K. Cieciel, unpub. data).  A com-
parison between our jellyfish catch per unit effort (CPUE) 
and the RACE (Resource Assessment and Conservation 
Engineering Division, NMFS) bottom trawl CPUE revealed 
that the trends in relative CPUEs were similar during warm 
and cool SST years (Lauth 2008).  Chrysaora melanaster 
was observed as the most frequently occurring jellyfish spe-
cies in both warm and cool years during the BASIS surveys.  
Brodeur et al. (2002, 2008b) had similar findings and docu-
mented that C. melanaster dominated the jellyfish catch in 
both abundance and biomass during the RACE bottom trawl 

Table 5.  Fall associations based on cumulative frequencies for juvenile salmon CPUE (catch per unit effort) and jellyfish WPUE (weight per unit 
effort) with chlorophyll-a in the eastern Bering Sea.  Table A shows the p-values resulting from the differences in the cumulative frequencies of 
each species and the oceanographic characteristic chlorophyll-a collected during the annual U.S. BASIS survey (Bering-Aleutian Salmon Inter-
national Surveys).  Table B shows the trends associated with the statistically significant results between species and chlorophyll-a.  Example, 
Oncorhynchus gorbuscha is significantly associated with lower than average chlorophyll-a in 2006.  Salmon species life-history stages are indi-
cated by (j) = juvenile and (I) = immature.  Chlorophyll-a data were unavailable for 2007.

A.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) 0.489 0.726 0.115 -
O. nerka (j) 0.485 0.129 0.101 -
O. gorbuscha (j) 0.233 0.491 0.043 -
O. tshawytscha (j) 0.597 0.022 0.001 -
O. kisutch (j) 0.396 0.319 0.677 -
O. keta (I) 0.293 < 0.001 0.044 -
Aequorea sp. 0.878 < 0.001 0.760 -
Aurelia labiata 0.119 0.122 0.766 -
Chrysaora melanaster 0.006 0.016 0.05 -
Cyanea capillata 0.19 0.408 0.604 -

B.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) - - - -
O. nerka (j) - - - -
O. gorbuscha (j) - - lower -
O. tshawytscha (j) - lower lower -
O. kisutch (j) - - - -
O. keta (I) - higher lower -
Aequorea sp. - higher - -
Aurelia labiata - - - -
Chrysaora melanaster higher lower lower -
Cyanea capillata - - - -
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surveys in the Bering Sea.  Therefore, we believe that our 
analysis is not biased and provides a true assessment of the 
relative biomass of the four jellyfish species analyzed.
 One of our objectives was to assess whether or not jelly-
fish and salmon on the eastern Bering Sea shelf have the po-
tential to directly compete during fall for resources.  Our re-
sults indicated that juvenile salmon and jellyfish do not target 
similar oceanographic characteristics but do overlap in terms 
of distribution.  During these times of shared distributions 
it is possible that both groups are targeting preferred prey 
resources which also overlap between jellyfish and juvenile 
salmon (BASIS data, unpublished; Purcell and Sturdevant 
2001; Zavolokin et al. 2008).  Therefore, we see potential 
for competition between jellyfish and salmon based on diet 
and spatial overlap.  Similar results between fish and jelly-
fish were described by Purcell and Sturdevant (2001) and 
the possibilities for salmon/jellyfish diet and spatial overlap 
were discussed by Zavolokin et al. (2008).  Due to our lack 
of diet analysis, we are severely limited in the assumptions 
we can make.
 Immature O. keta and Aequorea sp. did show potential 

for interaction, as these two species tended to be associated 
with deeper and higher salinity water during each year.  They 
also overlap spatially.  In addition, the O. keta diet includes 
a large portion of gelatinous species at times, but because 
of relatively rapid digestion rates and water loss, quantifi-
able numbers and identifications are not known (Arai 1988; 
Purcell and Arai 2001; Arai et al. 2003).  Aequorea sp. could 
potentially be a prey item for immature O. keta.  In labora-
tory studies it was fed successfully to immature O. keta (Arai 
et al. 2003).  Thus, it is possible to suggest that immature O. 
keta are distributing themselves in areas of higher concentra-
tions of prey resources and not with particular sea tempera-
tures, bottom depths, or salinities.  We note that the relative 
biomass of Aequorea sp. was low compared to the dominant 
jellyfish species C. melanaster (Cieciel and Eisner 2008), 
and it is likely that if competition for resources between  
Aequorea sp. and immature O. keta were to occur, it would 
be at low levels.  
 Our data also indicate a significant decrease in jellyfish 
biomass between warm and cool SST years.  Jellyfish catch 
composition remained relatively constant from 2004–2006 

Table 6.  Fall associations based on cumulative frequencies for juvenile salmon CPUE (catch per unit effort) and jellyfish WPUE (weight per unit 
effort) with bottom depth in the eastern Bering Sea.  Table A shows the p-values resulting from the differences in the cumulative frequencies of 
each species and bottom depth collected during the annual U.S. BASIS survey (Bering-Aleutian Salmon International Surveys).  Table B shows 
the trends associated with the statistically significant results between species and bottom depth.  For example, Oncorhynchus gorbuscha was 
significantly associated with shallower than average bottom depths in 2006.  Salmon species life-history stages are indicated by (j) = juvenile 
and (I) = immature.

A.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) 0.149 0.206 < 0.001 0.016
O. nerka (j) 0.088 0.229 0.006 0.138
O. gorbuscha (j) 0.064 0.605 0.014 0.218
O. tshawytscha (j) 0.004 0.001 < 0.001 < 0.001
O. kisutch (j) < 0.001 < 0.001 < 0.001 < 0.001
O. keta (I) < 0.001 < 0.001 0.537 0.35
Aequorea sp. < 0.001 < 0.001 < 0.001 < 0.001
Aurelia labiata 0.306 0.052 0.073 0.026
Chrysaora melanaster 0.863 0.007 0.58 0.984
Cyanea capillata 0.034 0.002 0.068 0.416

B.

Species 2004 2005 2006 2007

Oncorhynchus keta (j) - - shallower shallower
O. nerka (j) - - deep/shallow -
O. gorbuscha (j) - - shallower -
O. tshawytscha (j) shallower shallower shallower shallower
O. kisutch (j) shallower shallower shallower shallower
O. keta (I) deeper deeper - -
Aequorea sp. deeper deeper deeper deeper
Aurelia labiata - shallower - deeper
Chrysaora melanaster - shallower - -
Cyanea capillata shallow/deep deeper - -
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with C. melanaster as the dominant species followed by Ae-
quorea sp., Cyanea capillata, and Aurelia labiata.  However, 
during 2007 the catch composition changed with all species 
recorded in low numbers and in some cases nearly absent, 
with the exception of C. melanaster.  Both temperature and 
seasonal variation can affect jellyfish species composition.  

For example, in the East China Sea the composition of jel-
lyfish shifted from (in order of highest abundance) Aequorea 
sp., Cyanea sp., and Stomolophus meleagris in April (cooler 
waters) to S. meleagris, Aequorea sp., and Cyanea sp. in 
June (warmer waters) (Cheng et al. 2006).  We note that the 
average fall SST during 2007 in the eastern Bering Sea was 
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Fig. 6.  Cumulative distribution functions for bottom depth with salmon species (A–D) and jellyfish species (E–H) for all years from the annual fall 
U.S. BASIS survey (Bering-Aleutian Salmon International Surveys).  Life stage of salmon is indicated by j (juvenile) or I (immature).
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5.61°C compared to substantially higher SST averages dur-
ing 2004–2006 (8.9°, 8.9°, 10.8°C).  Sea temperature effects 
growth rates of jellyfish at early life-history stages (Purcell 
2007; Wilcox et al. 2007), can alter respiration rates (Møeller 
and Riisgård 2007), and impact their distributions (Decker et 
al. 2007).  Similar shifts in the relative abundance of pelagic 

fish species in relation to warm (higher abundance) and cool 
(lower abundance) SST years have been found for western 
Alaska salmon (Farley et al. in press) and age-0 pollock 
(Moss et al. 2009).  These later studies related shifts in rela-
tive abundance to bottom-up control of the eastern Bering 
Sea ecosystem.  Because the biomass of jellyfish decreased 
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Fig. 7.  Cumulative distribution functions for mean salinity with salmon species (A–D) and jellyfish species (E–H) for all years from the annual fall 
U.S. BASIS survey (Bering-Aleutian Salmon International Surveys).  Life stage of salmon is indicated by j (juvenile) or I (immature).
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during cool years, it is likely that similar bottom-up process-
es regulate their growth and abundance levels on the eastern 
Bering Sea shelf. 
 The relative abundance data for juvenile salmon and jel-
lyfish were collected using a systematic, non-random survey 
sampling design.  Thus, our data violate the assumptions re-

quired to utilize classical statistical models (e.g., ANOVA), 
where independence of observations and normal distribution 
are necessary to reduce bias in determining the strength of 
an association.  The analysis we chose to examine the habitat 
association of fish species is non-parametric in the sense that 
no specific statistical distribution is assumed for either fish 
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Fig. 8.  Cumulative distribution functions for mean temperature with salmon species (A–D) and jellyfish species (E–H) for all years from the fall 
U.S. BASIS survey (Bering-Aleutian Salmon International Surveys).  Life stage of salmon is indicated by j (juvenile) or I (immature).
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catch or habitat variables.  The method allows for quantita-
tive comparisons with observed habitat conditions to identify 
fish species which are randomly distributed with respect to a 
particular habitat (Perry and Smith 1994).  The method takes 
explicit account of the survey design, and has been used on 
other fish catch data sets to determine habitat associations for 
fish where the fish were caught using survey designs similar 
to ours (Perry and Smith 1994; Brodeur et al. 1999; Vögler 
et al. 2008) or from commercial catch data (Reynolds 2003).  
In addition, the randomization tests are often more powerful 
than their standard counterparts in non-standard situations 
such as the survey design and analysis we present here.
 Our habitat associations with juvenile salmon and jel-
lyfish are simple univariate associations.  We understand that 
bottom depth and temperature may be correlated and that a 
more powerful approach would have been to include both 

variables using a bivariate distribution, such as that sug-
gested in Perry and Smith (1994).  However, our findings 
that some of the juvenile salmon species and the jellyfish 
species do not actively select a particular habitat temperature 
or chlorophyll-a range was surprising, considering the dif-
ferences in these habitat characteristics among years.
 In conclusion, while some salmon species appear to as-
sociate with certain habitat characteristics, it is more plausi-
ble that these associations are an artifact of their growth, mi-
gratory pathways, and preferred prey.  We did see potential 
for direct competition based on spatial overlap and similar 
diets on the eastern Bering Sea shelf during fall between jel-
lyfish and juvenile salmon.  This analysis provides more of 
an understanding of adult jellyfish species within the eastern 
Bering Sea ecosystem, in that the biomass of many species 
may be regulated by bottom-up processes.
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Fig. 9.  Cumulative distribution functions for mean chlorophyll-a with salmon (A–C) and jellyfish species (D–F) for years 2004–06 from the fall 
U.S. BASIS survey (Bering-Aleutian Salmon International Surveys).  Life stage of salmon is indicated by j (juvenile) or I (immature).
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