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In the process of making revisions of this thesis for submission to a peer-reviewed journal, we found an 

error in the original nekton only datasets from Chapter 3, wherein the years had been mislabeled.  Several 

figures and tables, and corresponding text in the original thesis are inaccurate and should not be consulted 

or referenced in future research. Please disregard the results from Figure 3.6 and Tables 3.4, and 3.5. We 

have corrected the error and re-run the affected analyses (MRPP, ISA, and nMDS) for comparison of all 

predators. The corrected results are more consistent with the comparison of fish predators using the 

complete dataset, with an increase in dietary overlap among predators observed in 2011 during La Niña 

conditions. We have provided corrected reporting of results and discussion, as well as all relevant figures 

and tables below. We sincerely apologize for any inconvenience caused by this mistake. 
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Corrected Text, References, Figures and Tables (pages 56 – 82 in original thesis) 

CHAPTER 3 – MARINE PREDATOR DIETS AND VARIABLE OCEANOGRAPHIC 

CONDITIONS: IMPLICATIONS FOR FOOD WEB DYNAMICS AND ECOSYSTEM 

INDICATORS  

 

Amanda J. Gladics, Robert M. Suryan, Richard D. Brodeur, Leah M. Segui, Laura Z. 

Filliger 

Results 

Dietary Overlap of Nekton Component of All Predators 

The relative positions of rockfish, salmon, and murre diets in nMDS ordinations 

of the nekton components among predator diets for 2010 and 2011 were different (Fig. 

3.6). These two dimensional ordinations explained 75.5% and 73.2% of the variance in 

the diets in 2010 and 2011, respectively. Similar to the ordinations of fish predator diets, 

axis 1 captures a greater amount of the variance in the original diet matrix in both years 

(2010: r
2
 = 0.44; 2011: r

2 
= 0.45), and axis 2 accounts for a smaller portion of the 

variance (2010: r
2
 = 0.31; 2011: r

2 
= 0.27). Again, axis 1 appears to explain an increasing 

gradient in prey size. Black rockfish diets cluster low on axis 1 in both years, but extend 

further along axis 1 in 2010 compared to 2011. There is also a linear pattern to the 

rockfish samples in 2010 that is not present in 2011. This linearity does not appear to be 

associated with any seasonal progression in nekton prey of rockfish, but more likely 

related to the larger number of samples that contained nekton prey in 2010 compared 

with 2011. Interestingly, halibut diets ordinate highest on axis 1 in 2010, but salmon diets 

are positioned similarly high on axis 1 in 2011. There appears to be overlap in nekton 

consumed between these two predators in both years, but greater overlap in 2011, similar 

to the previous results including all dietary components. Common murre diets ordinate in 

an intermediate position between rockfish and other fish in both years, but with more 
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overlap with salmon in 2010. Murre diets ordinated somewhat parallel to black rockfish 

diets in 2010, but lower on axis 2. 

All predators showed significant specialization in nekton prey species in both 

years when all predators were included in the analysis (MRPP, 2010: A = 0.293, p < 

0.0001, 2011: A = 0.262, p < 0.0001). Again, pairwise comparisons of predators revealed 

changes in dietary overlap among predators between years. Although the nMDS 

ordination suggested overlap between salmon and halibut diets in 2010, the MRPP 

analysis did not confirm those results. Rather, we found that the nekton components of 

these predators’ diets were significantly different in 2010 although the difference was not 

very strong (Table 3.4, A-value < 0.3). In 2011, we did not detect any significant 

difference between the nekton components of salmon and halibut diets, which reinforces 

the findings of overlap between these predators in the nMDS ordination (Table 3.4, Fig. 

3.6). In contrast to the results for fish only where we found several strong differences in 

pairwise comparisons (A > 0.3), the only strong difference in the nekton components of 

predator diets was found between halibut and murres in 2010. Pairwise comparisons of 

rockfish diets with other predators showed roughly equivalent specialization in both 

years. 

A number of prey categories are associated with these differences in the nekton 

components of predator diets (Table 3.5). Indicator nekton for black rockfish were 

smaller fish, generally found closer to shore including Pacific sand lance in 2010 and 

larval sculpins (Cottidae) in 2011. Clupeids, often considered more schooling pelagic 

prey, indicated salmon diets in 2010. Gadiformes, primarily Pacific hake, indicated the 

halibut diets in both years. Common murres had the most indicator nekton categories in 
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both years (Table 3.5). Smelts and squids and octopus were indicators in 2010.  Smelts, 

and squids and octopus were indicators for murre diets again in 2011, along with pacific 

sand lance, northern anchovy and other fishes. Rockfishes (juvenile and adult Sebastes 

spp.) were a shared prey item across all predators in both years, though they had 

relatively low indicator values for salmon and halibut. Flatfishes were shared between 

halibut and murres in 2010 and among all predators in 2011. Sculpins were shared 

between rockfish and murres, and northern anchovies were shared among murres and 

salmon in 2010, while clupeids were shared among murres, salmon and halibut in 2011 

(Table 3.5).  

DISCUSSION 

We hypothesized that there would be differences in diet composition between the 

two sampling years and that we would observe increased dietary overlap during La Niña 

conditions.  We found only partial support of differences in diet composition between 

years, while the changes in dietary overlap were confirmed in both the zooplankton and 

fish components of predator diets. Differences between the two sampling years were 

detected in half of the predator diets examined. This finding suggests that differences in 

environmental conditions did not impact predators uniformly. Diet specialization was 

observed in both years, but was more pronounced during El Niño conditions. Differences 

among diets were observed when the entire suite of diet components was considered for 

the analysis of rockfish, salmon and halibut diets. Differences were less dramatic, though 

still significant in most cases, when the smaller, invertebrate components of the diet were 

excluded from the analysis. This finding is consistent with our understanding that lower 

trophic level species numerical and aggregative responses occur on much shorter time 

scales compared with middle trophic level nektonic species, which can be subject to 
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longer time lags (Mann and Lazier 2006). Although we did not have independent 

sampling of available prey during our study, concurrent studies in the California Current 

show that no single prey category was anomalously abundant during either year of our 

study period, and therefore it is not surprising that we observed limited niche overlap 

(Bjorkstedt et al. 2012). 

Ocean conditions suspected to influence predator diets did vary between our 

sampling years, yet it appears that the environmental perturbations were not severe 

enough to cause changes in all predator diets. The relationships between ocean 

conditions, prey abundance and predator consumption are complex, but several important 

basin-scale, physical oceanographic indices that are known to affect prey abundance in 

the California Current System showed phase shifts between our sampling years 

(Bjorkstedt et al. 2011). These phase shifts, however, did not occur in similar directions, 

thus precluding stronger, additive affects. Previous observations of high variability in 

predator diet overlap in the California current were associated with extreme instances of 

El Niño and La Niña, and less so with more subtle environmental shifts (Ainley & 

Boekelheide 1990). The Multivariate El Niño/Southern Oscillation Index (MEI) and the 

Pacific Decadal Oscillation (PDO), both of which are associated with changes in 

biological productivity and community assemblages, tracked one another, although 

neither year was strongly anomalous (MEI: http://www.esrl.noaa.gov/psd/ enso/mei/, 

PDO: http://jisao.washington.edu/pdo/). Both the MEI and PDO showed positive (warm, 

low productivity) anomalies during the early part of 2010, switching to negative 

anomalies (cool, high productivity) in May and June 2010 and remaining negative, 
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consistent with a switch from a relatively weak to moderate El Niño to a strong La Niña 

event in 2011(Bjorkstedt et al. 2010).  

The North Pacific Gyre Oscillation (NPGO, Di Lorenzo et al. 2008), however, did 

not show similar timing in transition and may have dampened the biological effects of 

changes in MEI and PDO between years. The NPGO tracks the strength of the gyre 

circulation in the North Pacific and is closely associated with the strength of the 

California Current; positive NPGO values have been associated with a strengthening in 

gyre circulation and strength of the California Current and increased productivity 

throughout the California Current (http://www. o3d. org/npgo/; Bjorkstedt et al. 2011). 

Recent evidence links the NPGO and timing of the spring transition in the California 

Current, with profound effects on productivity during the summer months (Chenillat et al. 

2012). Studies suggest that in recent years the NPGO may have stronger influences on 

the California Current ecosystem than the PDO, and historical studies have recorded 

years that mimicked El Niño though it was not officially designated as such (Ainley & 

Boekelheide 1990, Di Lorenzo et al. 2008, Chenillat et al. 2012). Despite a switch from 

El Niño to La Niña conditions in 2010, NPGO remained positive, then switched to 

negative in early 2011. Hence, during generally low productivity El Niño conditions in 

the California Current, there was confounding NPGO conditions that favor productivity, 

and vice versa during the La Niña year. Negative NPGO values observed during 2011, 

however, were not as strong as previous observations during low productivity conditions, 

such as during 2005. Overall, the El Niño and La Niña conditions occurring during our 

sampling appeared to have had modest effects on the system (Bjorkstedt et al. 2011). 
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Despite arguably subtle physical oceanographic differences between our two sampling 

years, we were still able to detect biological responses using a multi-predator approach. 

Select components of predator diets corresponded with expected patterns of warm 

and cold water associated species under the shift between El Niño and La Niña 

conditions. Common murre diets closely followed predicted changes, with taxa with cold 

water affinities such as Pacific sand lance increasing in the diets under La Niña 

conditions. Similarly, a subarctic pelagic pteropod (Limacina helicina) was found in 

black rockfish diets during the cooler La Niña conditions. Juvenile Sebastes spp. were 

observed in higher numbers in rockfish and murre diets during El Niño compared to La 

Niña the following year, concurrent with anomalously high densities of juvenile 

rockfishes in larval/juvenile fish surveys off Oregon and Washington in 2010 (Brodeur et 

al. 2011, Auth 2011). During warm, low-upwelling, El Niño-like years, juvenile 

rockfishes normally found beyond the shelf break off Oregon appeared to be more 

abundant in coastal waters (Brodeur et al. 2011) and became more common in predator 

diets (Daly et al. in review). Prey consumption by a generalist predator is not linearly 

related to prey abundances, but rather shows a nonlinear, typically asymptotic, and multi-

species functional response (Cairns 1987, Smout et al. 2010). In keeping with this non-

linear and complex relationship between prey abundance and consumption, our findings 

found increased juvenile rockfish in black rockfish and common murre diets although not 

in proportions that impacted overall dietary overlap.  

Our results were also consistent with what would be expected in zooplankton 

species composition for these two contrasting years. We observed higher numbers of 

Dungeness crab megalopae (Cancer magister) in diets from 2010, consistent with higher 
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numerical abundance associated with early spring transitions and positive NPGO (Shanks 

& Roegner 2008, Chenillat et al. 2012). Pagurid, porcellanid, and grapsid crab larvae 

were more numerous in diets from 2011, coincident with a later spring transition and 

negative NPGO which are associated with greater abundances of these crab species in the 

environment (Shanks & Roegner 2008, Chenillat et al. 2012). Rockfish consumed more 

T. spinifera during 2011, consistent with findings of increased abundances of T. spinifera 

during years with colder water temperatures (Shaw et al. 2012). 

We did not detect differences in the diets of salmon and halibut between the two 

years, but the usefulness of these predators as indicators of changes in prey communities 

should not be discounted. These predators have access to a broader range of available 

prey sizes, and can seek favorable prey conditions through active searching over larger 

areas and greater depth ranges during foraging. Therefore, changes in salmon and halibut 

diets might signal when environmental conditions make large departures from average 

conditions, which we did not encounter during our short sampling period. Chinook 

foraged on both T. spinifera and E. pacifica, prey species which appear to respond 

differently to changes in water temperatures and upwelling phenology (Shaw at al. 2012). 

Chinook salmon may be good candidates for further study on the complex relationships 

between ocean conditions, krill and upper trophic levels.  

Our ability to understand food web structure and function depends on 

understanding predator responses to both small and large perturbations as well as 

variability within a normal range (Wells et al. 2008). Predators with relatively consistent 

diets from year to year may also provide a useful way to track food web variability that 

occurs at much longer (multi-year and decadal) temporal scales. If fisheries managers 
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wish to track interannual fluctuations in the difficult to sample near shore prey 

communities, including juvenile rockfishes and Pacific sand lance, then examining the 

diets of murres and near shore rockfishes may provide a relatively low cost way to do so. 

Prey-switching in generalist predators can decouple the relationship between prey 

abundance and predator diets (Asseburg 2006).  Yet predator diets can still be an 

important tool alongside traditional fisheries surveys or when other data is not available, 

as long as the limitations of inverse inference are clearly understood. More detailed 

studies of these predators’ multi-species functional responses will increase the utility of 

this approach.  Long term changes in the marine food web are especially important to 

track and understand in light of predicted effects of continued commercial harvest of 

marine predators, ocean acidification, and global climate change (Field et al. 2006, 

Ruzicka et al. 2012). 

Sebastes spp. were an important shared prey item among predators in both years, 

highlighting the importance of rockfishes as prey at several different life stages (larval, 

juvenile and adult) and over a wide range of body sizes (Mills et al. 2007). Rockfishes 

and flatfishes were shared among some predators in both years, suggesting that rocky reef 

and benthic associated prey can be an important resource when more ephemeral patches 

of coastal pelagic fish species may be unavailable. Our findings are similar in some ways 

to recent studies of lingcod (Ophiodon elongatus) diets off the Oregon coast (Tinus 2012) 

and pigeon guillemot (Cepphus columba) diets in Kachemak Bay, Alaska (Litzow et al. 

2002). Rockfishes and other reef associated prey were a small, but relatively consistent 

component of the lingcod diet, whereas transient pelagic prey made up a higher 

proportion of the diet but varied by study site and season (Tinus 2012). Likewise, 
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demersal fishes were a reliable prey source when more pelagic, lipid rich prey were 

unavailable for pigeon guillemot (Litzow et al. 2002). 

Although all predators share somewhat similar life history characteristics as 

medium to large bodied, generalist predators, there may also be important differences in 

their foraging flexibility under variable environmental conditions (Ainley et al. 2002, 

Dufault et al. 2009). Predator species in our study with more constrained foraging areas 

and smaller body sizes, the common murre and black rockfish, had significant dietary 

differences between the two years of sampling. Black rockfish are associated with rocky 

reef substrates, are relatively slow swimmers, and have limited home ranges (Parker et al. 

2007, Hannah & Rankin 2011). Murres are central place foragers during the breeding 

season, remaining within 45-60 km of the breeding colony and typically diving to 20-40 

m depth (max distance 135 km, max depth 152 m; Ainley & Boekelheide 1990, Hatch et 

al. 2000, Oedekoven et al. 2001, Hedd et al. 2009). It is possible that murres could be 

foraging much closer to shore in some years, further reducing their foraging area (Ainley 

& Boekelheide 1990). These morphological and life history constraints may reduce the 

area available to rockfishes and murres for finding prey, making them more vulnerable to 

changes in prey availability.   

We expected greater dietary overlap than we observed, as previous studies had 

found that schooling fishes such as herring, smelts, flatfishes, and juvenile rockfishes 

were important prey for all the predators in our study (Steiner 1978, Brodeur & Pearcy 

1992, Dufault et al. 2009). Differences between our findings and previous studies were 

especially pronounced for black rockfish. Steiner (1978) found that black rockfish diets 

during the summer months near Depoe Bay, Oregon were dominated by smelts, 
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flatfishes, rockfish, and mysids. Black rockfish in the late 1970’s were primarily 

consumers of nekton, whereas we observed that current rockfish diets are dominated by 

planktonic or micronektonic invertebrate prey. It remains unclear whether the differences 

between historic rockfish diets and current rockfish diets are related to long term 

reorganization of the food web or just stronger short term variability than we observed 

during this study.  

Examining a suite of marine predator diets revealed a more nuanced and complex 

understanding of interannual shifts in the prey community than any single predator 

studied in isolation. Periodic monitoring of predator diets through collaborative fisheries 

research would augment current efforts to track prey for commercially important predator 

species and could enhance our understanding of food web dynamics under varying 

oceanographic regimes and, thereby, aid in adaptive management of this highly 

productive yet dynamic system.   
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Table 3.4. Pair-wise comparisons of all predator diets in 2010 and 2011 

using multi-response permutation procedure (MRPP).    A-values 

designated with at * indicate significant (p < 0.01) differences between 

predators. Strong differences (A-values > 0.3) are highlighted in bold.   

            

            

    Chinook Salmon Pacific Halibut Common Murre   

  2010     

            

  Black Rockfish 0.161* 0.274* 0.287*   

  Chinook Salmon   0.138* 0.162*   

  Halibut     0.385*   

            

  2011     

  

 

        

  Black Rockfish 0.141* 0.231* 0.251*   

  Chinook Salmon   -0.011 0.128*   

  Halibut     0.289*   
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Table 3.5.  Indicator Values (%) for each prey category in the 2010 and 2011 comparison of all predator diets.  

Significant indicator values (p < 0.05) are shown in bold, with prey categories shared among predators are shown in 

boxes.   

  

 

      

 

  

 

        

    2010   2011   

  Common Name 

Black 

rockfish 

Chinook 

salmon 

Pacific 

halibut 

Common 

murre   

Black 

rockfish 

Chinook 

salmon 

Pacific 

halibut 

Common 

murre   

                        

 
Squids and Octopus 0 0 0 57 

 
0 0 0 67 

 

 
Herring, Sardine and Shad 0 45 23 20 

 
0 23 29 25 

 

 
Smelts 0 10 0 76 

 
2 9 0 59 

 

 
Hake and Cods 0 5 80 4 

 
0 24 50 1 

 

 
Rockfishes 26 10 10 20 

 
12 8 8 20 

 

 
Pacific sand lance 54 5 0 18 

 
0 3 0 75 

 

 
Flatfishes 6 0 15 18 

 
9 11 35 24 

 

 
Sculpins 12 0 0 12 

 
83 0 0 3 

 

 
Northern anchovy 2 14 0 20 

 
0 5 0 36 

 

 
Other fishes 3 0 16 3 

 
1 0 16 44 
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Figure 3.6. Non-metric multidimensional scaling ordinations of prey counts for all predators, aggregated 

to weekly intervals by predator for 2010 and 2011. Only teleost and cephalopod prey were included in 

the analysis. The coordinates of some sample units in these ordinations are the same, such that they are 

not visibly separated. 

 


