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ABSTRACT: We investigated spatial and temporal variation In the diet of a planktivore, the Cassin's 
auklet Ptychoramphus aleuticus, in the Gulf of the Farallones, California, USA, where its population 
has decreased ca 50% in size coincident with the general decline of zooplankton in the California Cur- 
rent. Stomach samples were collected and compared among birds foraging at sea during the non- 
upwelling, post-spring transition (to upwelling), and upwelling periods each year from 1985 to 1988. 
Upwelling-period samples also were compart~ti with samples regurgitated to chicks on the Farallon 
Islands during that period; such samples had been collected during 1971 and 1977-1991 During the 
non-upwelling period, auklets fed on the small, cnergetically ~nferior, oceanic euphausiid Euphausia 
pacifica, but following the sprlng transition, the auklets s\,vltched to small, juvenile fish (nlostly 
Sebastes spp.) until these had grown too large for capture. Thereafter, the auklets switched to the 
larger and energetically more valuable euphaus~id Thysanoessa spinifera, which had become available 
upon the onsct of upwelling. This general pattern was repeated each year, although some betwcen- 
year variability among ancillary prey was evident. Auklct foraging locality, however, varied only 
slightly throughout the year; auklets were most dispersed during El Nirio. It was apparent that the 
availability of 7 spinifera was linked to upwelling. The decrease in the prevalence of T spinifera in the 
diet fed to chicks from 1971 to 1991 is consistent with decreased intensity of upwelling In the reglon, as 
is the reduction in numbers of auklets in the region over the same period. Our results indicate the value 
of studies of easily accessible marine predators, which can temporally and spatially integrate patterns 
in the prevalence of prey species, thereby increasing our understanding of the important processes that 
structure food webs. 

KEY WORDS: California Currvnt . Cassin's auklet Dlet Euphausiapacifica Euphausiid . Interannual 
variability - Thysanoessa spinifera . Upwelling 

INTRODUCTION 

Marine birds a r e  sensitive to perturbations in  marine 
climate, food-web structure,  a n d  prey availability ( e . g .  
Crawford & Shelton 1978, Glantz & Thompson 1981, 
Furness  & M o n a g h a n  1985, Barber & Chavez  1986, 
Monaghan  e t  al. 1989a,  b ,  Ribic e t  al.  1990, Cairns 
1992, Ainley e t  a l .  1995a) .  Seabirds,  in fact,  have  
proven useful a s  indicator species (Furness  & Green-  
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wood 1993) a m o n g  t h e  top-trophic-level spec ies  owing  
to thelr (1) g r e a t  mobility a n d  quick response to anom-  
alies; (2) l a rge  numbers ,  thus  facilitating quantification 
of pat terns;  a n d  (3) workability (highly visible a n d  
accessible).  In most cases ,  however, m u c h  additional 
work  is required to detai l  t h e  actual  trophic pa thways  
a n d  other  factors that  link avian predators  directly to  
food-web processes (e .g.  H u n t  e t  a l .  1991). 

Numerous  s tudies  i n  t h e  California C u r r e n t  up-  
welling system in t h e  eastern Pacific indicate that  t h e  
euphausi ids  Thysanoessa splnifera a n d  Euphausia pa- 
cifica a r e  key  species  i n  t h e  middle portions of conti- 
nental  shelf a n d  slope food w e b s ,  respectively. T h e s e  
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are the main prey species during summer of such 
numerically dominant predators as squid Loligo opa- 
lescens, Pacific whiting ~Verluccius productus, rockfish 
Sebastes spp., jack mackerel Trachurus symetricus, 
salmon Onchorhynchus spp., humpback whales Me- 
gaptera novaeangliae and various seabirds (Phillips 
1964, Alversen & Larkins 1969, Karpov & Cailliet 1978, 
MacCall et al. 1980, Chu 1982, Peterson et al. 1982, 
Ainley & Boekelheide 1990, Kiekeffer 1992, Reilly et 
al. 1992). Yet studies on the spatial and temporal vari- 
ability of euphausiids in the coastal portion of the Cal- 
ifornia Current are disappointingly few (e.g. Smith & 
Adams 1988). They receive neither the attention of bio- 
logical oceanographers, mainly interested in primary 
production, nor that of fishery oceanographers, con- 
strained to problems directly related to commercial 
fisheries. A unique 22 yr time series of data on the 
reproductive phenology, diet, and demography of the 
Cassin's aukiet Ptychordr~~piius aleuiiciis s h ~ w s  the 
sensitivity of this zooplanktivorous seabird to the avail- 
ability of prey (Ainley & Boekelheide 1990, Ainley et 
al. 1995a). The Cass~n's auklet is one of the most abun- 
dani resident seabirds of th r  Ca!ifornia C ~ r r e n t  region 
(Ainley & Boekelheide 1990, Carter et al. 1992). 

Zooplankton abundance, in response to changed 
ocean climate, has been declining in the California 
Current (Roemmich & McGowan 1995), and numbers 
of zooplankton-feeding seabirds (Roemmich & McGo- 
wan 1995, Ainley et al. 1995b), including Cass~n's auk- 
lets (Ainley et al. 1994), have also declined. The pur- 
pose of the present paper is to analyze the annual 
pattern of prey use of this strictly planktivorous spe- 
cies, to identify links between its natural history and 
that of its zooplankton prey, and to describe the rela- 
tionships of the links to ocean processes (see hypothe- 
sis below). 

LINK BETWEEN AUKLETS, EUPHAUSIIDS, 
AND UPWELLING 

The diets fed to Cassin's auklet chicks have been 
studied by Manuwal (1974) and Ainley & Boekelheide 
(1990) at  the Farallon Islands off California, and by 
Vermeer (1981, 1985) at  coastal islands off British 
Columbia. Thus, the euphausiid-dominated diet d.ur- 
ing summer is fairly well known, considering that 
adults eat the same prey as that fed to chicks 
(Manuwal 1974, author's pers. obs.). Thysanoessa spi- 
nifera is a major component of this diet and may be 
critical to the life history of the Cassin's auklet. Ver- 
meer (1981) suggested that the geographic distribution 
of this euphausiid in the eastern North Pacific deter- 
mines that of the auklet - the sympatric ranges of prey 
and predator overlap completely, and extend fro~n 

southeast Alaska to northern Baja California (cf. Amer- 
ican Ornithologists' Union 1983, Rrinton 1962, 1981). 

Interannual variations in the availability of Thysa- 
noessa spinifera during spring appear to explain varia- 
tion in the auklet's reproductive phenology (Ainley & 
Boekelheide 1990). The auklet must accumulate ener- 
getic reserves to allow egg formation. Laying occurs 
usually over a 2 to 3 wk period, with its onset ranging 
from early March to late May. The timing of egg laying 
is correlated with sea-surface temperature (SST). Once 
SST decreases to 10.5"C (affected by upwelling from 
the winter temperature range of 11 to 12OC; Bolin & 
Abbott 1963), auklet egg laying follows within 4 wk 
(Ainley & Boekelheide 1990). 

The fact that egg laying follows an appreciable drop 
in SST indicates a role of coastal upwelling in the 
required increase of food availability. This SST drop is 
called the 'spring transition' (Huyer et al. 1979). If the 
transition is sharp,  the entire population of auklets will 
lay eggs during a c 2  wk period; if the transition is 
gradual, laying will be asynchronous and spread over 
a longer penod (Ainley & Boekelheide 1990). On the 
basis of these patterns, we hypothesize that the avail- 
ability of food, likely defined by its vertical and hori- 
zontal distribution, is modified by intense upwelling. 
As discussed by Smith & Adams (1988), the response 
by the euphausiids to upwelling could be related to 
trophic factors (e.g. increased primary production 
stimulating euphausiid growth or changing behavior 
for reproductive purposes) and/or physical ones (e.g.  
increased concentration by upwelling-induced fronts 
or at the edges of upwelling plumes; see also Briggs et 
al. 1988). 

METHODS 

We conducted this study in the Gulf of the Faral- 
lones, from 1985 to 1988, where the Cassin's auklet is 
one of the most abundant breeding species of seabird 
(Ainley & Boekelheide 1990; Fig. 1). We designed the 
study to sample diet before and after the spring transi- 
tion (March to April, or Julian dates 60 to 121; denoted 
as T in various figures), throughout the following 
period of intense upwelling (May to July, or Julian 
dates 122 to 212; denoted as U ) ,  and during the non- 
upwelling portion of the year (August to February, or 
Julian dates 213 to 365 and 1 to 59; denoted as N). It 
was fortunate for our purposes that the study period 
included one El Nifio, 1986-87, albeit a weak one, 
because El Nino strongly affects variability of biologi- 
cal processes in the California Current (Glantz & 

Thompson 1981). For reporting purposes, we also 
divided the year into several portions using the phe- 
nology of auklet reproduction (see Ainley & Boekel- 
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heide 1990) and upwelling (Bolin & Ab- 
bott 1963, Bakun 1975), as follows: 
March to April (the midst of egg laying 
and immediately post spring transition; 
average date of egg laying in the study 
years was 4 April 1985, 18 April 1986, 38" 

9 April 1987, and 28 March 1988); May 
(late incubation, chick hatching, and 
period of most intense upwelling); June 
to July (main period of chick feeding, 
decrease in .upwelling intensity); and 
August to February (post fledging, 
non-breeding period, and non-upwell- 
ing period). 

Auklets were collected using a shot- 
gun from areas of the Gulf that consis- 
tently supported known feeding con- 
centrations (5 to 10 birds in each of 29 
samples; see Figs. 1 & 2). In the transi- 37" 
tion, upwelling, and non-upwelling 
periods, respectively, 63, 105, and 42 
auklets were collected. We encoun- 
tered auklets mostly along the edge of 
the continental shelf from Cordell Bank 
to just south of the Farallon Islands (see 
Fig. 3). For comparison with at-sea col- 
lections, we also obtalned complete 
food loads from parents when they 
landed near their burrows to feed 

123' 

chicks On 'Outheast Farallon Island. Fig. 1. Gulf of the Farallones off California, USA, showing sampling sites, 
Ten samples were obtained every 10 d with an X showing location of the region's only breeding site for Cassin's auk- 
through June and July each year during let Ptychoramphus aleuticus, the Farallon Islands; letters denoting different 

1971 and 1977-1991. ~h~~~ samples collecting sites are referred to in Fig 3. lsobaths are shown at each 50 m 

were collected by having the auklet depth interval 

regurgitate into a plastic bag. 
Upon collection of birds, stomachs and gular samples in which a prey item occurred). We also char- 

pouches were removed immediately and injected with acterized diet by calculating an index of relative im- 
ethanol to stop digestive processes. In most cases, prey portance (IRI), which is derived from a combination of 
items were identified and counted within 1 h; or in a percent composition by number, by mass, and by fre- 
few instances, samples were frozen but were analyzed quency of occurrence, to aid in comparisons of our data 
within 1 wk of collection. Regurgitation samples were with those of certain other authors (see Pinkas et al. 
frozen and analyzed at the end of the summer. In both 1971, Day & Byrd 1989, and Croll 1990 for the formula). 
types of samples, whole prey items were measured Diet similarity among samples was determined on 
(standard lengths for fish and euphausiids, mantle the basis of percent composition by mass using Mo- 
lengths for cephalopods). Lengths and then masses risita's Index of Diet Overlap (see Baltz & Morejohn 
were determined by regression of otolith diameter or 1977, Ainley & Boekelheide 1990). Hereafter, the terms 
length of the lower rostrum in the case of squid. diet similarity and diet overlap are used interchange- 
Otoliths were included in analysis only if they showed ably. We used diet as measured by mass in the com- 
no sign of digestion; squid beaks were included only if parison because mass is most often used to report food- 
not abraded. Regression equations are reported else- web relationships in biological oceanography. The 
where (Spear 1993, Ainley et al. in press). above 2 references also report the formula for diet 

A sample constituted all auklets or regurgitations ob- diversity that we calculated. We used results of th.e &et 

t?ir?ed s n  n given date a i  d yiven iocaiity. We charac- overlap analysis, presented as an icicle plot (Kruskal & 

terized diet on the basis of composition by number, by Landwehr 1983, Norusis 1986), in order to group sam- 
mass, and by frequency of occurrence (proportion of ples. We opted for this method of graphical display 
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because, better than dendograms, it shows well the 
actual degree of sample overlap/similarity. We used 
average-linkage-between-groups as the clustering 
algorithm (SPSS PC+; Norusis 1986). Following Dia- 
mond (1983) and Ainley et al. (1984, 1992), we consid- 
ered diets to be equivalent if overlap exceeded 85% 
At approximately that point in frequency distributions 
of overlap indices, a distinct hiatus occurred among 
samples. All statistical tests performed were done 
using the statistical computer program STATA (Com- 
puting Resource Center 1989). 

The distribution of auklets off central California was 
determined during June each year using ship-board 
censuses. At least 2 observers counted all auklets sit- 
ting on the water within 300 m of one forequarter 
whenever the ship was underway. Surveys were con- 
tinuous through each day, but were grouped by loca- 
tion into 15 min segments. We calculated auklet den- 
sity (birds for each segment, Using the cul~iputer 
program ARC/INFO (Version 6.1, ESRI, Inc., Redlands, 
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CA, USA), densities were averaged and plotted among 
all segments that occurred within any 5 x 5 km (lati- 
tude X longitude) block. 

RESULTS 

A comparison of the at-sea densities of foraging auk- 
lets during June, among the years 1986, 1987, and 
1988, indicated little interannual variation in foraging 
site (Fig. 2). Auklets were most concentrated over the 
shelf break, especially north of the South Farallones 
(the X in Fig. 1) .  In 1987, they were shifted southward 
somewhat. During El Niiio 1986, foraging auklets were 
at densities > l 0  birds km-* in 84 of the 5 X 5 km blocks, 
compared to 58 and 61 blocks in 1987 and 1988, 
respectively, indicating that they were more dispersed 
in 1986. 

C!.;stcr analysis showed a clumping of diet samples 
by time but not locality - note in Fig. 3 the conjunction 

KEY TO DENSITYlKM* 

N O  S U R V E Y  

SURVEY/NO B I R D S  

0 . 0 1 - 1 0  

1 0 - 5 0  

5 0 - 1 0 0  

> l a o  

f 
S C A L t  - ! : 2 4 0 0 0  
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Fig. 2. Gulf of the Farallones, show- 
ing densities (birds km-2) of torag- 
ing auklets Ptychorarnphus aleutj- 
cus in 5 X 5 km blocks during 1986, 

1987, and 1988 



Alnley et al.: Variation in diet of Cassin's auklet 5 

PERCENT SIMILARITY BETWEEN ADJACENT SAMPLES 

0 10 20 30 40 50 60 70 80 90 100 
N 357-85E , - -- 

I 1 Oplriodon 
U 153-85D F Eu~lrausia / Unid. 
T 106-86D Euphurrsia / 
T 150-86B Sebmres 
U 168-85C 
U 154-85D 
N 365-88C 

1 
Loli,oo 

U 155-8SD 
U 154-85C 
U 152-85A t . . 
N 349-85A ; , . I 

. . .  I Paraplrronima / A1~c~iulranes . . 
U 153-86E Fish Egzs / Eriplrarrsin 
L' 201-87B Errphurcsia 
F\' 249-8GB 
N 018-8HA 
T 086-86A 

Fig. 3. Ptychoraniphus aleutjcus. Results of cluster ana l~s i s  showing the degree of similarity among 29 samples of auklet stomach 
contents (dark horizontal lines) collected at different times and localities; shaded bar between samples shows degree of similar- 
ity (scale at top). Laheling to the left of the icicle plot, In order, shows oceanographic period (N, non-upwelling; T, transition; U. 
upwelling), Julian date-year, and a letter (A to E) denoting locahty shown In Fig. 1 Labeling to the right of the icicle plot shows 
the domlnant prey of a sample; see Table 2 for complete names of prey Similarity >84 'Yo is deemcd to be particularly strong (indi- 

cated by the solid, vertical line; see Ainley & Boekelheide 1990, Alnley et al. 1992, Diamond 1983) 

of the letters denotinq seasonal identity of - 
samples regardless of year and foraging 
site. Thls result indicated that within a 
mesoscale region (Flgs. 1 & 2) ,  the auklets 
moved to forage where prey were most 
available. Comparing samples grouped 
temporally, diets during May and June- 
July d.iffered (Table 1). The overlap ind.ex 
indicated that diet during non-breeding/ 
non-upwelling was most similar to diets 
during April. This result, however, may be  
somewhat spuri0u.s and dependent on the 
larger samples collected in the non-breed- 
ing period 1985 (3 collections, 20 birds) vs 
1987 and 1988 (1 collection each, 6 and 8 
birds). In 2 of 3 non-breeding samples of 
years when diet data were also available 
for April, diets were clearly different from 

I THYSANOESSA 

those in the corresponding April samples c;- A n A . . - L - - - , , -  

-.. . r J c l r ~ ~ a ~ , r p i ~ u >  dieuiicus. Seasonal variation in the percent mass 
(1985, iSS7, i 9 G ;  Fig. 4 ) .  com~osltion of the auklet diet in the Gulf of the Farallones; data combined 

A review of prey items during the vari- for multimonth periods, all years combined See Table 2 for complete names 
ous periods indicated that 2 species of of prey 
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Table l Ptychoramphus aleulicus. Monsita's Index of Diet 
Overlap, on the basis of percent composition by welght, 

among samples (N = 181) partitioned by season 

Mar-Apr Jun-Jul 

0.224 
Jun- Jul 0.644 0.099 
Aug-Feb 0.819 0.135 0.400 

euphausiids, Thysanoessa spinifera and E~phausia 
pacifica, dominated the diet (Table 2). The importance 
of E. pacifica was greatest during the spring transition 
period and immediate post-spring transition period 
(Table 2, Fig. 4). The species became a minor item by 
the period of intense upwelling (May, June-July), 
increasing gradually over time as upwelling subsided. 
Conversely, T. spinifera reached greatest dietary inl- 
portance during the period of most intense uptvelling 
(June and July, also the chick-rearing period). 

The inclusion of small juvenile fish, especially dunng 
May, and of different crustacean species during 
August-February shifted the diet away from doml- 
nance by euphausiids (Fig. 4 ) .  Consequently, the diet 
during May and the non-upwelling period was the 
most diverse, a pattern repeated in the 2 years when 
data were available (Table 2, Fig. 5). The important 
fish during May included Sebastes spp. (especially), 
Citharichthys sordidus, Ophiodon elongatus, and Mer- 
luccius productus; small squid (likely Loligo opale- 
scens) were also important during this time. Actually, 
Sebastes were represented in the diet year round; 
those early in the year were largely S. jordani (on the 
basis of trawl data from National Marine Fisheries 
Service during April-June: W. Lenarz & S. Ralston 
unpubl, data; also see Larson et al. 1994) and the 
species occurring later in the diet were of unknown 
identity. Other crustaceans besides the above men- 
tioned euphausiids included the euphausiids Neme- 
tocilis difficilis and Nyctiphanes simplex, as well as lar- 
val Cancer magister and the amphipod Paraphronima 
gra cilis. 

Partitioning the diet samples at a finer temporal scale 
indicated substantial interannual variation dunng the 
4 years (Fig. 5) ,  but inclusion of fish in the diet during 
April and especially May was a recurring pattern. In 
the 3 June-July periods when we had data from both 
the parents collected at sea and the samples of chick 
feeds from parents on Southeast Farallon Island, a 
weak correspondence between results of the 2 sam- 
pling techniques was evident - the highest percent of 
Thysanoessa spinifera occurred in the third year for 
each: 39, 6, and 82% at sea compared to 22, 27, and 
43% in the feeds. Our sampling was insufficient to 

Table 2. The percent frequency of occurrence, percent com- 
position by number and by mass, and the index of relat~ve 
importance (IRI/100), partitioned b y  season of  prey in the 
stomachs o f  Cassin's Auklets captured in the Gulf of the Far- 

allones, 1985 to 1988 

Species Frequency No. Mass IRI 

Mar-Apr ( N  = 63 birds) - 
Invertebrates 

Euphausia pacifica 
Thysanoessa spinifera 
Nemetocelis difficilis 
Paraphronima gracllis 
Cancer magister 

Flsh 
Citharich th ys sordidus 
Sebastes spp. 

Diversity" 

transitional period 

May ( N  = 50 birds) - upwelling period 
Invertebrates 

Euphausia pacifica 57.1 46.9 
Thysanoessa spinifera 33.3 10.1 
Nyctiphanes simplex 11.9 27.4 
Cancer magister 16 7 4.0 
Loligo opalescens 16 7 1.7 

Fish 
Merluccius productus 11 9 1.0 
Ophiodon elongatus 2.4 0.1 
Citharichthys sordidus 23.8 1.0 
Sebastes spp. 13.6 7.8 

Diet diversity" 

Jun-Jul ( N  = 26 birds) - 
Invertebrates 

Euphausia pacifica 
Th ysanoessa splnjfera 
Nyctiphanes simplex 
Cancer maglster 
Paraphronima gra cihs 

Pelecipod 

Fish 
Sebastes spp. 

Diet diversitya 

Aug-Feb ( N  = 42 birds) - 
Invertebrates 

Euphausia pacifica 
Thysa noessa spinifera 
Nemetocelis difficjlis 
Nyctiphanes simplex 
Cancer magister 
Paraphronima gracdis 

upwelling period 

non-upwelling period 

57.1 51.9 28.4 
45.2 31.0 40.7 
4.8 0.1 <O.l 

14.3 5.4 1.7 
4 8 0.1 <O.l 

19.0 10.1 2.8 

Fls h 
Ophiodon elongatus 2.4 0.1 3.8 
Sebastes spp. 19.0 0.3 5.0 
Fish eggs 3.8 0.9 17.5 I Diet diversityd 

dDiet divers~ty determined on the basis of percent compo- 
sition of both the number and mass of items in the diet 
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1985 "986 1987 Is85 

Fig. 5. Ptychoramphus aleuticus. Interannual variation in the percent 
mass conlposition of the auklet diet in the Gulf of the Farallones; data par- 
titioned by months as well as by years, 1985 to 1988 (ND: no data).  See 

Table 2 for complete names of prey 

cruises (a few days) and (2)  the items brought 
by seabirds and pinnipeds to their young over 
an overlapping period of several weeks. The 
differences observed between these 2 studies 
may well be due to the better ability of 
seabirds to integrate characteristics of prey 
populations over time and space; the trawl 
samples, however, can compile complemen- 
tary data on depth distribution, etc. Croxall et 
al. (1985) concluded that the predators and 
the trawlers were perhaps fishing in a differ- 
ent manner. This, however, was not an aspect 
of our comparison. In our Gulf of the Faral- 
lones studies, parent-derived samples a t  the 
colony correlated well with patterns in the life 
history of the seabirds (Ainley & Boekelheide 
1990), a result not evident among the at-sea 
derived collections. Apparently, our at-sea 
samples were too sporadic to characterize 
any but the broad-scale patterns. After all, at- 
sea collections record what was taken at 
a specific time and location, whereas the 

denote any patterns with respect to the weak El Nino 1107 i 

(1986-87), but changes, if any, were slight. The only HC - APRIL I 
effect appeared to be a slight delay in the onset of 5 3  - 

N = 2 4  1 
upwelling as indicated by the later auklet egg-laying 

4 U 
dates (Point Reyes Bird Observatory unpubl. data). 

1 
The auklets ate adult euphausiids throughout the 20 - 

year. On the other hand, the age (and size) of the 
l - 

f i t  

Sebastes caught by the auklets changed with season 3 1 - .;c , .$ ', . 8~ 5 . - t . \  61 - , ~ ,  71-83 

(Fig. 6; X' = 246.14, p = 0.0001 df = 6 )  The auklets 
were probably eating the same stock of young in both 

80 - 
MAY 

April and May, as the May fish were larger than those N = 86 
eaten earlier. Late in the summer, it appeared that any c' 
Sebastes eaten may have come from a different 'l 
spawning, or perhaps were of other species than those !A-; 

eaten earlier (different species of rockfish extrude their 
1~ 0 .!L .. 

young at different times of the year; Wyllie Echeverria i, 
31-40 A I - 5 "  5 1  I,'-:: - 1 .  2 

1987). The other fish and squid species eaten were all 
c80 mm standard length. ' : ?  

8 LlLlP:5-;,l.;L l 
, , N; 24 1 

DISCUSSION 
I 

- - 
The lack of correspondence in results from the col- - I 

lections at sea,  obtained in relatively lim~ted periods, J . ! 
and the results from parental feeds, obtained over a 
broader but overlapping time frame, is a phenomenon 
similar to that reported by Croxall et al. (1985). The 
latter authors compared characteristics of euphau- 
?,.A I - , . . - - .  Fig. E S i z ~ - f i ~ ~ u a ~ ~ c y  aisrributlon 01 rockfish Sebasfes spp. 

yvyu ia r iu~ l>  aluu11Ci South Georgia on the basis of taken by. auklets Ptychoramphus a,eutlcus in the Gulf  of the 
( l )  obtained during a limited time period Farallones, by seasonal penod; standard lenqths of fish recon- 
but one of a length characteristic of typical fisheries structed by regression against otolith dillmeter 
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colony samples integrate a much broader area, i.e. the 
Gulf of the Farallones, and a broader time interval, i.e. 
samples taken regularly for 6 wk. 

Nevertheless, the results of the at-sea collections 
reported herein revealed information not possible to 
obtain from the parental chick-feeding samples of mid- 
summer, as  reported in detail elsewhere (Manuwal 
1974, Vermeer 1981, Ainley & Boekelheide 1990). Par- 
tlcularly during May, the auklets selected small, young 
fish over euphausiids. Both the fish and the euphausi- 
ids occur within the same swarms (author's pers. ohs. 
on basis of trawls by the US National Marine Fisheries 
Service, the same cruises as our auklet censusing). 
Energetically, such selection may be a better strategy 
because the fish are more valuable per unit expendi- 
ture of capture effort: the fish are slightly larger and 
have a higher caloric value per unit weight (see ener- 
getic comparison of these items in Spear 1993). Prey 
select~on by seabirds on the basis of caloric vdicle has 
been observed only a few times among seabirds (e.g. 
Montevecchi & Piatt 1984, Barrett & Furness 1990, 
Ainley et al. 1992, in press). The auklets ceased to feed 
on fish by June, although the larger common murre 
Uria aalge (a murre's bill is 60 mm long, or 2 times 
larger than, an auklet's), which was also feeding in the 
vicinity on small fish, continued to do so as the fish 
grew (Ainley et al. in press). On the basis of trawls, the 
fish were abundant near the surface at this time (e.g. 
Larson et al. 1994). Thus, it was not a disappearance of 

I I 
71 77 80 85 90 

YEARS 

Fig. 7 Percent contribution by mass of Thysanoessa sp~nifera 
to the d ~ e t  fed to auklet Ptychoramphus aleuticus chicks, 1971 
and 1977-1991 (r' = 0.524, p = 0 008, df = 10); prevalence of 
Euphaus~a pacifica In the diet showed the opposite trend. 
Except for the period 1972 to 1976 (when no effort was 
expcnded toward collecting data), years lacking data were 
those in which auklets did not breed in sufficient number to 

collect diet samples 

the fish that forced the switch from fish to euphausiids 
by the auklet. 

The smaller Euphausia pacifica dominated auklet 
diets during April and often durlng the preceding 
months as well, probably because this euphausiid is 
the largest, most available and suitable prey. By June, 
once the fish had surpassed the appropriate size, the 
auklets switched to Thysanoessa spinifera, which is 
twice the size of E. pacifica and, thus, again is the bet- 
ter energetic choice. We would presume that the auk- 
lets would always feed on the larger T. spinlfera, if they 
had the opportunity to do so. A1te1-natively, the coastal. 
upwelling front (see Schwing et al. 1991) may also play 
a role in forcing a switch to T spinifera (for energetic 
reasons) by forcing the oceanic E. pacifica to occur too 
far away from the colonies for them to be a practical 
resource for the auklets. 

Our results show that the spring transition marks the 
+;- L L A L L C  after which Thysanoessa spinifera becomes read- 

ily available to predators in the Gulf of the Farallones. 
Heretofore, a relationship to upwell~ng was left to con- 
jecture (e.g. Smith & Adams 1985). Additional, indirect 
evidence that upwelling plays a significant role in 
affecting the availability of euphausiids to auklets is 
the coincidence of several trends in the California Cur- 
rent since the late 1970s: (1) a marked decline in popu- 
lation size of the auklet at the Farallones (Carter et al. 
1992, Ainley et al. 1994); (2) diminished intensity of 
upwelling (as seen in Fig. 2 of Bakun 1990); (3) in- 
creased SST (Roemmich & McGowan 1995); (4) a gen- 
eral decline in the abundance of zooplankton (Roem- 
mich & McGowan 1995); and (5) a decrease in 
prevalence o f  T. spinifera in the auklet diet fed to 
chicks (Fig. 7 ) .  Evldence exists for a similar decrease in 
the auklet population during a period of generally 
warmer waters in the late middle portion of the 19th 
century, as described by Hubbs (1960); and, with 
return of cooler waters in the late century, the auklet 
population rebounded (Ainley & Lewis 1974). The 
processes by which the onset and duration of up- 
welling affect development of the coastal food web in 
the California Current region, particularly in regard to 
euphausiids, remain a research fleld where further 
work is needed. As part of this work, further investiga- 
tion of Cassin's auklets will likely be fruitful. 
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