Fish changes in diets of nestling
Rhinoceros Auklets and their
implications
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1. Abstract

The diet of nestling Rhinoceros Auklets {Cerorhinea
monoceraia) was investigated on offshore Triangte Island
(1976--79) and on inshore Pine Island (197780} and Lucy
Island {1979--80), British Columbia. Variations in the diet
occurred between vears and within each summer. The
annual variations include the early predominance of Pacific
sauries (Colelabis sairal in 1976, fluctuations in abundance of
age groups of Pacific sandlance (Ammodytes hexapterusy and
Pacific herring (Clupea harengus), a change in rockfish
(Sebastes) species, and the appearance of bathypelagic
bluethroat argentines (Nansenin candida) in 1978, In a given
summer sandlance and rockfish predominated in July, and
herring and sauries m August. Changes in age and size of
sandlance species, composition of rockfish, and occurrence
of sauries and bluethroat argentines at Triangle and Pine
islands were svnchronized over the vears. Sauries were more
prevalent in the diet of birds feeding in the offshore waters
of Triangle Island, whereas herring was more prevalent at
mnshore Pine and Lucy islands.

Juvenile fish populations in surface waters are very
difficult to study by conventional methods of pelagic sam-
pling. The Rhinoceros Auklet diet, together with com-
plementary net studies, provides a means of sampling
populations and monitoring age-classes of juvenile fish.

2. Résumé

Nous avens étudié le régime alimentaire de feunes
Alques & bec cornu (Cerorhinca monocerata) dans l'ile hau-
turiére Triangle (1976 & 1979) et dans les fles cotieres
Pine (1977 & 1980) et Lucy (1979 et 1980) en Colombie-
Britannique. Les variations du régime alimentaire se ma-
nifestent dune année al'autre et au cours de chague été.
Pour ce qui est des variations annuelles, citons dabord la
prédominance du balaou japonais (Cololabis saira) en 1976,
certaines fluctuations de I'abondance des groupes d'age du
lancon du Pacifique (Ammodytes hexapterys) et du hareng du
Pacifique (Clupea harengus), un chan gement dans les espéces
de sébaste (Sebastes) et Iapparition d'argentines batypelagi-
ques (Nanseraa candida) en 1978, Au cours d'un é1é donné, le
lancon et les sébastes ont dominé en juillet, alors que le
hareng et le balaou ont été plus abondants en aott. Les
variations d'3ge et de taille des espéces de langon, Ia
composition des sébastes et la fréquence dapparition des
balacus et des argentines aux iles Triangle et Pine sont
synchronisées au cours des ans. Le balacu compose une plus
grande proportion du régime alimentaire des oiseaux qui se
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nourrissent dans les eaux de I'lle Triangle et est remplacé
par le hareng dans les iles cotieres Pine et Lucy.

Les populations de poissons ]uvemks qui habitent
tes eaux de surface sont trés difficiles 2 érudier par les
méthodes dlassiques d'échantilionnage de la zone pélagique.
Les études du régime alimentaire de I'Alque & bec corna,
complétées par des étdes de capture au filet, permettent
done d’échantillonner les populations et d'analyser les
classes d’dge des poissons juvéniles,

3. Introduction

The Rhinoceros Auklet (Cerorfunca monocerata)
breeds from the Farallon Islands, California to the Sand-
man Reefs in Alaska in the northeastern Pacific and from
the central east coast of Japan to northern Sakhalin and
Kuril islands in the northern western Pacific (Udvardy
1963, Vermeer 1979). The birds nest in burrows about [ m
n Iength and lay one egg that hatches at the beginning of
July. The chicks spend about 7 weeks in their burrows and
leave the nesting island between mid August and mid
beptemba During the nestling period each parent brings
one meal of fish per night 10 t.he chicks (Richardson 1961).
The diet of nestling Rhinoceros Auklets consists almost
entirely of small fish (Vermeer 1979). The adults carry the
fish crosswise in their bills which leaves the prev mostly
intact and facilitates identification and measurement. It is
during the chick-rearing peried in July and August that
prey can be adequately sampled, and changes in species and
size determined. The effects of such changes on the growth
and reproduction of Rhinoceros Auklet were reported in
Vermeer and Cullen {1979) and Vermeer (1980).

The objective of this paper is to document the
changes in fish species in meals brought by parent birds to
their chicks, and the differences between inshore and
offshore breeding localities in British Columbia, Ashmole
and Ashmole {1968} suggested that tropical marine birds
are indicators of relative prey availability. We also address
the potential use of the fish diets of Rhinoceros Auklet
nestlings as indicators of prey occurrence in temperate
waters and as a method of studying age-classes of certain
fish species that are extremely difficult to sample with
conventional techniques.

4, Methods
Fish were collected from adult Rhinoceros Auklets in

July and August on Triangle Island (30°52'N; 129°05'W),
Pine Istand (B0°58'N; 127°41'W), and Lucy Island
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(45°18'N; 130°37'W), Britush Columbia (Table 1). Triangle
Island is exposed to the open North Pacific Ocean, whereas
Pine and Lucy islands are sheltered by nearby land masses
(Fig. 1). Triangle Island bas no trees, whereas Pine and
Lacy islands are covered with dense foresis. These islands
were selected because they contain the largest breeding
colonies of Rhinoceros Auklets in British Columbia. We
began food sampling on Triangle Island m July 1976, Pine
Island was added in 1977, and Lucy Island in 1979, A major
seasonal change in diet was observed the first week of
August 1977 on Triangle Island, and all subsequent sam-
pling included that time period. Sampling times were
synchronized between islands whenever possible.
Rhinoceros Auklets were caught by hand with the aid
of a bright flashlight directed on them as they landed with
fish in their bills. Fish were placed in plastic bags and the
birds released immediately. Collection sites were changed
each night and the sampling time kept within 1 hto
minimize disturbance to the birds. Sampling locations
ranged from 50 to 400 m apart around the periphery of the
islands. Localities with moderate slope angles and free of
dense underbrush were selected to facilitate bird capture in
the dark. Samples were placed in cold tap water and
processed the same night (23:30-07:00). Whole fish were
wdentified, weighed to the nearest 0.1 g with Pesola scales
and their fork length (tip of snout to the fork of the tail) was
measured to the nearest millimetre. About 5—10% of the
prey brought to the chicks were damaged or consisted of
unmeasurable pieces. These were weighed and identified
when possible. Fish which could not be identified im-
mediately, such as rockfish, were preserved in 3% formal-

Figure 1
Location of Pine, Lucy, and Triangle islands on the British Columbia coast
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dehyde solution. Rockfish were later identified in the
laboratory.

A prey was defined as principal if it made up 10% or
more of the bird’s food biomass sampled in a given year, as
commaon if less than 10% of the biomass, and as occasional if
the prey occurred not more than six times during the study
period at aoy sland.

Statistical tests of significance between means were
determined with two-tailed t-tests, and between proportions
with Fisher-Exact tesis. Commen and scientific names fol-
low Har: (1973

5. Results
5.1, Prey composition and changes

The 2165 Rhinoceros Auklet meals collected on the
three islands contained at least 10000 fishes and weighed
63 kg (Table 1). The average bird meal was 30 g. Meal size
increased significantly over the surmmer season in certain
vears (Table 1). At least 29 prey species were observed
(Table 2). The principal foods mncluded Pacific sandlance! at
all three islands, Pacific herring on Pine and Lucy islands,
and Pacific sauries on Triangle Island. In certain years other
species gained importance. Rockfish were important in the
birds’ diet in 1978 and 1980. Bluethroat argentines were a
major prey on Triangle Island in 1978, and to a lesser
extent salmon were so on Pine Istand in 1980,

Table 1
Collection periods of food sansples and meal sizes of Rhincceros Auklets
on Triangle, Pine, and Lucy islands. 1976-80

Mean meal
Location size and 95%
and year Sampling No.meals confidence Meal
of sampling periods  collected  intervals,g  range, g
Triangle 1976 16--25 July 14 346271 17.6-61.9
Island 1-15 Augusi 16 3882786  20.0-600
16-31 August i 35865 10.0-49.4
1977 9-21 July G 25857 9.0-48.5
2% August 34 28,849 9.0-59.0
16-21 August 30 372252 13.0-51.0
1978 4-12 July 36 25.0x22.6% 4.0-47.0
2-8 August 37 317227 16.0-51.0
1518 August 42 312238 11.5-5249
1879 16 July 55 210x2.0%  10.5-424
1-8 August 48 32.5=2.9 14.9-57 .4
2123 August 18 39248 7.1-49.8
Pine Istand 1977 2-5 Aungust 86 31.2%3.2 9.4-68.0
1978 5-11 July 152 204+ 1.5% 8.0--56.0
28 August 180 343x14 15.0-63.0
23~27 August 79 322+1.8 160610
1979 16 July 111 285215 12.5-52.5
-8 August 186 2862146 11.5-62.6
17-20 August 128 27615 13.7-49.0
1980 16 July 149 23.4x 167% 7.2-54.0
i3 August i52 326218 11.7-62.0
1621 August 133 328+14 17.0-56.5
Lucy Island 1979 11-14 July 103 308418 124-61.1
1013 August 100 31.1=29 13.0-85.7
198G 10-13 July a9 20.0+146%  14.2-53.3
11-14 August 127 33618 145-63.5

*Mean significantly less than succeeding mean mead size (P <4).05).

! Table 2 gives scientific names of prey species.



Table 2 Sandlance, herring, and sauries made up 75% or
Prey species in Rhinoceros Auklet meals on Trangie, Pine, and Lucy more of the WEight of bird meals. Sandlance accounted for
istands, 1976--80 (P= principal, C=commen, O = occasional; years in 97, 31, and 59% of the food wgights on Tg-iangle, Pine, and
parentheses indicate predominance of particular prey species in those Lucy ;slands !{?Spﬂ,il‘v ely (Table 3). Herring accounted for
; 3

years onty 43% on Pine Island and $3% on Lucy Island. Sauries made

Triangle  Pine Lucy up 47% of the biomass on Triangle Island. These three
Prey species 1976-78  1977-80  1979-80 Ao ass angie s o6 T
: e : species of prey, and rockfish, argentines, and salmon,
Pacific herring (Clupea harengusy O P r together made up 95% or more “of the total food biomass.
Northern anchovy (Engraults mordax; e 3 — . I L . - = .
Chum salmon (Cucerfivnchus ketay O L9 L9 The IHCEdQI.IUS &Eld' w ftlght of food SPf{L{GS of R}?i”
Coho salmon (Oneorhynchus hisuieh) — O e noceros Auklet chicks varied ameng years {Table 3, Fig. 2).
Sockeve salmorn (Onchprhymcins nerka) o P o On Triangle Island, sandlance were scarce in 1976 but
. ,
et , (19565 refatively abundant in later years. Sauries were the only prey
Whitehait saelt (Allosmerus elomgotus) — O £ sionifs 1976, but declined 3 . i
Surf soelt (Hypomasiss prestoses) — o of sigmificance in 1976, but dedined in importance as
Capetin (Mailotus villosus) . — G sandlance occurrence increased in other years. In 18975,
Eulachon {Thaleichthys pacifions) O 0O - however, both prey species were displaced by argentines in
B‘“ﬁiﬁ}%i argentine (Nansenic (?_ \ e frequency of occurrence and percent biomass. On Pine
candida) e (1978) (o7 - Island, herring complemented sandlance in occurrence and
Slender barracudina (Lestidium . D
ringens) O O - biomass, In any given year, when sandlance were less
Blue lanternfish (Tarletonbeania important, herring were dominant in the birds’ diet. The
crenularis) _ O — — near doubling of herring biomass from 1977 to 1978 and
T cod (Gaddur macrocephabus) 0 O - from 1979 to 1980 relate to the predominance of first-year
Cz‘(ig}; i:; ;;) (Theragra . o o fish in 1977 and 1979 and second-year fish in 1978 and
Pacific saury {Cololabis saira) P P . 1980, Similar Complementan' gccurrences between sand-
(1977 lanice and herring were observed on Lucy Island.
Pacific sandfish (Trchedon trichodon) — < C Rockfish occurred in the diet of Rhinoceros Auklet
Pﬁ;f;;t:ﬁ:}bme (Ammodytes p v b chicks on Triangle and Pine islands. They were high in
Pacific ocean perch (Sebastes alutus) b P = occurrence but relatively low in biomass due to their small
11979 (1979 sizes, A distinct, remarkably similar yearly shift in rockfish
Dark-blotched rockfish (Sebastes species took place in both locations (Table 4). In 1977, the
crameri) _ - 15 - vellowtail rockfish was the sole species occurring at Triangie
Widow rockfish {Sebastes enfomelas) p P - ’ d Pine island N s N e of redstri E
{1978y (19781980 and me tslan ,? except for one occurTence of re strlpe‘
Yellowtail rockfish (Svbastes flavides) P P — r()(:%‘iish. In 19 1'8, the ws_dow r()d(hsh was the ?,(316 rockfish
(1977 (1977 species on both islands; 1n 1979, it was the Paafic ocean
Redstripe rockfish (Sebastes proviger) — O o peFChA
Rackfiish {Sebistes sp.) —— — O The ivreictprpe sty et ] ey e e
Sablefish (Anoplopoma fimbria) C C C er il f %}L nlq{}{’nu_ &?Ei Fi( ?‘11 i[;).ﬁ p?;}(!})f @{ie‘ if }dll\%t(i
Kelp greenling {Hexagrammos over the summner months (Table 5 and Fig. 3). Sandlance
decagrammus) IS C C and rockfish cecurred more frequently in the diet in Jaly
Ling cod {Ophiodan vlongatus) _ — — O {(P<0.05}. Sauries and herring occurred more in August
;ﬂféﬁwg (530?’{;‘:2{9;;0’&?;1}3 T{*jmf’?'ﬂiw} - G - (P<00.05}, except for 1976 when sauries predominated
athead sole (Fhippoglessoudes T s et et
classordon) N o B throughout the nesting period.
Squid (Lofigo opalescens) C G C
Squid (Beryteuthis anonychas) — O —
‘Fable 3
Percentage ccourrence (%0 and nomass (%B) of various fish in
Rhinoceros Auklet meals
Other fish
Sandlance Herring Sauries Rockfish Argentines Salmon and squid
Year %0 %8B %0 %B %0 %B %O %B GO %B %0 %B B
TFriangle Island
1976 6.4 3.7 2.1 s 95.7 94,7 — e — — 4.3 2.4 i4
1977 62.1 453 2.4 O 383 44.3 PR 35 s B 1.1 0.4 4.5
1978 11.3 P4 &9 .4 238 227 334 15.5 TR3 456 LR i0 4.4
1979 545 415 17 0.9 44.6 529 12.4 i8 0.8 0.1 0.8 0.3 2.5
1976~-79x) 3%.3 26.8 1.3 0.8 4249 47.8 20.8 6.1 24.1 148 1.3 i 32
Pine Island
1977 66.3 42.5 341 3.3 198 292 271 5.5 - — 2.8 4.4 31
1978 314 284 457 48.0 5.4 4.3 6.5 8.9 3.6 4.5 5.4 4.8 1.5
1974 6%.9 1.5 438 0.8 4.9 5.2 2.4 2.4 0.2 0035 5.6 6.7 34
1980 22.1 12.8 514 3.3 il i 256 127 — - 15.9 131 4.3
9778003 40.9 3.8 46.3 433 4.8 3.2 6.5 78 1.8 1.5 9.8 7.4 3.3
Lucy Island
1979 5.6 68.3 20.5 22.1 —— — i0 0.05 e —_ 7.3 5.8 3.5
1984 39,3 50.2 46.5 42.8 e o — — — P 5.3 2.8 4.2
1978800y 63.9 38.0 341 529 s o L] .02 — e 8.3 4.2 4.0
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5.2, Yearly changes in size of principal prey

The length of sandlance in Rhinoceros Auklet meals
varied significantly among vears {Table 6, Fig. 4). There are
no data o the age of Pacific sandiance in Briush Columina
waters, so we assumed that those in the 40— 110 mm length
increment represent first-vear fish and those in the 100~
180 mm increment were second-year and older fish. This
assumption agrees approximately with the age distribution
of sandlance in Alaskan waters {Hatch, this volume: Dick
and Warner, i press). First-year sandiance predominated

Table 4
Percentage cocurrence (%0 and blomass (% B) of rockfish spedies in
Rhinoceros Auklet meals on Triangle and Pine islands, 197780

1977 1978 1979 1980

on Triangle and Pine islands in 1977 and 1979, and on the
latter in 1980, Second-year and older fish occurred most
frequently on both islands in 1978. A bimodal diseribution
of sandlance lengths was observed on Lucy {sland in 1979
and 1980, representing first-vear and older age groups,
Comparison of the overall length and biomass distribution
ofsandlance on Triangle, Pine, and Lucy islands indicae
that Hirst-vear fish far outnumbered older ones, but the
biomass of the fatter was of about equal unportance o the
birds (Fig. 5).

Herrning, like sandlance showed a distinat year-to-
vear difference in average length (Table 6) and n length
chistribusion (Fig. 6). The 40~ 100 mm and the 100180 mm
length increments represent first- and second-vear tish,
respectively (Tavlor ¢f ol 19573, The bimodal distribution of

Rockfishspecies %0 %B %0 %B %0 %B %0 %B

Triangle Island

Yellowtail

rockfish 276 35 — — — — —_ —_
Widow rockfish P - - K | B V<% J— — — -
Pacific ocean

perch — — - — 124 I8 — —

Figure 3
Changes in food biomass of Rhinoceros Auklet nestlings over the summer
months

Pine Island

YeHowrtail

rockfish 259 54 — — — — — —
Widow rockfish — — 165 89 — — 251 124
Pacific ocean

perch e e e e 54 24 - —
Dark-blotched

rockfish - — — — - — 14 3
Redstripe

rockfish 1.2 0067 . o - — —

Figure 2
Changes in food biomass of Rhinoceros Auklet nestlings among vears
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sherring in 1978 and 1980 on Pine Island, and in 1980 on
Lucy Island represent first- and second-vear fish. The
overall size distribution of herring on Pine and Lucy islands
showed that first- and second-vear age-classes are more
distinct than those of sandiance (Figs. 4 and 8). As with

Figure 4
Length distribution of Pacific sandlance in Rhinoceros Auklet meals
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sandlance first-year herring vastly outrumbered second-
vear fishes but the latter were much more substantial as a
food source to the birds (Fig. 7).

Pacific sauries were the largess fish in the diet of
nes{léng Rhinoceros Auklets {Table 6), The mean lengihs of
sauries collected at Triangle and Pine ishands were not
significantly different. Sdus\ lengths i the diews on Trangle
and Pine istands showed a 30-230 mm length range ( (Fig. 8}.
The 30230 mm long sauries may ail be first-vear fish
hecause Hughes (1974) reported two spaw ming periods per
year [April-June and August—November) in this regron,

Rockfish lengths were unimodal and represent only
one age group of each species {Fig. 4. Differences hetween
fengths of rocklish from Triangle and Pine islands were not
significant (Table 6). All specimens were probably in their
first vear because they averaged much shorter than
I-vear-olds (Phillips 1964, Westrheim and Harling 1975).

Bluethroat argentine lengths were unmimodal and,
like sandlance, rockfish, and sauries, of similar size on
Triangle and Pine islands (Table 6 and Fig. 10). We found
no information to establish the age of the argentines, Mean
lengths of sockeye sabmon were similar on Pine and Lucy
islands (T able 6) and were most likely second-vear fish
(Foerster 1968).

Sizes of bluethroat argentnes (Fig. 10) and first-year
sandiance (Table 7) also varied over a given summer. Hatch
(this volume) ascribed the increase in prey size in the

Figure 5
Overail frequency distribution of lengths and weights of Pacific sandiance
in Rhinoceros Auklet meals
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northern Gulf of Alaska during the summer months to
growth, This cannot be ascertained {rom our data because

auklets fed on fish of different vear-classes over the summer

which may or mav not overlap i size {e.g. see Fig. 11). and
the ieng{h of fish may vary among s¢ huoix of i%m SATIIE
yeay-ciass,

6. Discussion
6.1, Diet composition and prey occurrence

The compeosition of prey species in the food of
nestling Rhinoceros Auklets may be influenced by the
feeding location (offshore vs. inshore and northern vs.
southern waters), random avaitability in the marine environ-
ment, timing of prey occurrence, and water temperarures.

"The predominance of certain fish species in bird
meals reflects their occurrence near auklet colonies. On the
basis of ohservations by Cody (1873) and Wahl et af. {1979},
more than 30% of the Rhinoceros Auklet breeding popula-

Figure 6
Lengrh distribution of Pacific herring in Rhinoceros Auklet meals

tion should feed within 50--60 km of their respective
islands. Sandlance are common prey for many commercial
fish species and several fish-eating birds from Alaska to
Washington (Hart 1973, Harris and Harrt 1877, Ainley and
Sanger 1979, Vermeer 1979). In summer they are numer-
ous nshore at depths of less than 50 m (Haryis and Haree
1977). Herring are numerous inshore during their first
suminer {(Hourston 1958, 1959) and are important for
tnany mshore subarctic birds (Ainley and Sanger 1979). The
Pacific saury 1s an abundant warm-water and ofishore
species {Inoue and Hughes 197 1) and is important as prey
of Sooty Shearwaters (Puffinus grseus) (Chu, this volume;
Ogl, this volume). The predominance of sauries in the
auklet diet only at offshore T riangle Island, and that of
herring only at inshore Pine and Lucy islands suggest
differences in available prey species in offshore and inshore
waters.

Figure 7
Overall frequency distribution of lengths and weights of Pacific herring in
Rhinoceros Auklet meals
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The common appearance of capeiin as bird food at
Lucy Island and their absence at Triangle and Pine islands
suggests availability of capelin in northern British Columbia
waters. Capelin is one of the most numerous fish and
constitutes the main prey of many fish in Alaska (Harris and
Hartt 1977). Itis an important {food for several fish-eating
bird species in the northern North Pacific and Bering Sea
but not farther south (Ainley and Sanger 1979; Vermeer
1979; Krasnow and Sanger, in press; Sanger, in press).
Rockfish were principal prey of Rhinoceros Auklets in more
southern waters of 1 riangle and Pine islands, and an
oceasional prey at northern Lucy Island. Rockfish are
uncomimon in the diet of fish-eating birds in northern areas
{Ainley and Sanger 1979).

Bluethroat argentines, a cold water, bathvpelagic
species (Fart 1973) suddenly occurred in Rhinoceros
Auklet food almost exclusively in 1978 {except for one fish
in 1979). Tt was also a major prey of chinook (Oncorbynchus
tshawyisha) and sockeve salmon along the northwest coast of
Vancouver Island in 1978, an unusual phenomenon not
previously recorded (A. Ostrom, pers. comm.}. The occur-
rence of argentines in salmon stomachs that year supports
the view that a species abundant in the birds” diet may also
be abundant in the marine waters.

The timing of prey occurrence is critical to its
appearance in the bird diet. Sockeve and pink salmon (O.
gorbuscha) are abundant in Hecate Strait and Queen Char-
Totte Sound (Aro et al. 1977). Sockeve salmon are common
prey of Rhinoceros Auklets in july and August but pink
salmon are not. The migration of pink salmon from those
waters to the North Pacific Ocean m May and June {LeBras-
seur and Parker 1964) explains their absence in the diet of
nestling Rhinoceros Auklets.

Sauries are warm-water fish and their increase in the
Rhinoceros Auklet diet in August {except in 1976) may be
explained by the increasing surface water temperatures,
which on the average increase at least 1°C per month from
June to August in British Columbia waters {Dodimead
1980, Vermeer 1980}, It is unknown why sauries pre-
dominated in auklet meals before Augustin 1976 at Trian-
gle Island, because nearshore surface water temperatures
then were generally lower than in August of succeeding
years (Vermeer 1980). The changes in occurrence of her-
ring and rockfish over the summer are not understood.
Rockfish may be affected by surface water temperatures like
the sandlance which move into deeper water in ate summer
and fall (Andrivashev 1954). Herring appear simulta-
neously with sauries in late summer, and may be positively
influenced by the higher surface water temperatures at that
time,
6.2,  Changes in prey size
The repetitive seasonal changes in diet composition,
age classes of prey, and in appearance of argentines and
species of rockfish in the diet at both Triangle and Pine
islands over several years indicate that Rhinoceros Auklets
fed upon fish of the same age group and species each vear
but they differed between years. Along with the auklets,
Tufted Puffins (Fratercula cm"kaia) on Triangle Island fed
on the same age groups of sandlance and the same speaes
of rockfish each vear, and on biuethroat argentines in 1978
{Table 8). All these observations support the hypothesis that
the diet of nestling Rhinoceros Auklets reflects changes n
availability of juvenile fish in coastal waters.

Table 5

Occurrence (%) of principal prev in Rhinoceros Auklet meals (see Table 1
for sample size). Statistically significant changes are shown by pairs of
letters (Stas. tesi: P<<0.05)

Triangle Island

Pine Island Lucy Island

Collection date Sandlance Saury Reckfish

Sandlance

Saury Rockfish Herring Sandlance  Herring

1976

16-25 July - 100 e
1--5 August — 94 e
16-31 August — G4 —

1977

9-21 July 10G# o 35
2.3 August 50% 14 44
1621 August 37 70 o

66

9 27 34 - —

1978

412 July 14 0! 868
18 August 1l 199
i5-18 August 5 4 58
2327 August — — e

40
321

13

i 44
.21 4m 55P . .

24! O 55 - —

1978

16 July 1008 e 25"
1114 July — — e
1-8 August 21® 7T ab
10--13 August — - e
17-20 August — — -
2123 August 6" 94 0

1980

1-6 July o - -
1114 July e — —
=5 August — e e
1014 August — — o
18~Z1 August — - —

40k
6%

5

e

627

lwl e
B

2¢ 43 —
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6.3.  Rhinoceros Auklets as sampling devices

Juvenile fish populations in surface waters are very
ditficult and extremely expensive to study by conventional
sampling methods. The distribution of juvenile fish pop-
ulations is highly patchy and sample variability with nets is
so great that even species compositon can be barely

Table 6
Length of principal prey in Rhinoceros Auklet meals on Triangle, Pine,
and Lucy slands, 197680

Average length
Species No. of and 85% conf.
and location Year fishes int., mm

Pacific sandlance

touched. Determination of density distributons even for
smal areas are very costly. The bird's diet provides a means
of sampling juvenile fish populations and could prove to be
useful in monitoring age-classes of certain fish species. We
recognize the need for complementary sampling with nets
to establish the relationships of juvenile fish 1 marine
waters 1o those observed in the diets of nestling Rhinoceros
Auklets. Joint efforts between fisheries and seabird biolog-
ists would enhance our understanding of the distribution
and structure of juvenile fish populations and their availabil-
1ty o marine birds. Neither discipline in itself can provide
an understanding of the changes that occur in these juvenile
populations and their implicanions for the marine-bird food
chain,

Figure 8
Length distribution of Pacific sauries in Rhinoceros Aukler meals

Triangle 1976 14 12262148
1977 5350 886= 10
1978 27 131.7% 95
1979 426 845 20

Pine 1977 401 89.7= 14
1978 461 1204+ 2.7
1979 2105 848+ 400
14980 494 T4 256

Lucy 19749 847 102.2= 1.5
1986 754 988+ 18

Herring

Pine 1977 122 71.7x= 1.9
1978 248 1331+ 43
1979 708 744+ 1.8
1980 307 99.8+ 3.5

Lucy 1979 44 i4l.lx 7.0
1980 277 95.1+ 40

Pacific saury

Triangle 1976 rhs 70.1x 62
1977 549 1738+ H0O
1978 43 IT9.1+ 5B
1970 89 i44.1x 5.2

Pine 1977 31 1792= 58
14978 49 1409+ 7.0
1979 37 1588 BT

Yellowtail rockfish

Triangie 1977 64 527= 13

Pine 1977 92 550 1.5

Widow rockfish

Triangle 1978 160 G8.8= L4

Pine 1978 302 6o+ 08
1980 514 B1.2= 0.7

Pacific ocean perch

Triangle 1974 19 61.6= 3.0

Pine 1979 73 631+ 1.5

Bluethroat argentine

Triangle 1978 279 1eo= 1.2

Pine 1978 103 1026+ 1.6

Sockeye salmon

Pine 197780 95 1248+ 29

Lucy 197980 21 122.8> 8.4

Table ¥

Comparison of length of Pacitic sandlance brought by Rhinoceros Auklets
1o their chicks on Triangle and Pine islands, 1977 and 1978

Sample Time of No. Mean length and
location sampling of fishes 95% conf. int,, mm
Triangle Island July 1977 369 B5.5% = 0.9
August 1977 161 951 2.5
Pine Istand July 1978 208 12005 =27
August 1978 252 1203 =27

*Statistically significars from succeeding mean (P<<0.05).
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Figure 9

Length distribution of rockfish in Rhinoceros Auklet meals

Figure 11
Length distribugion of Pacific herring in Rhinoceros Aukler meals on Pine
Island for different periods in 1978
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Figure 10
Length distribution of bluethroat argentines in Rhinoceros Auklet ineals,
Pine and Triangle islands, 1978

PINE {151 AND
504 D aully o 3
“ August n 72
AT
:
30 |
;
z-
i
M
Ll
RS N i
2
H
3] TRIANGLE 1SLAND
g
g Er duty n 48
g August o 230
504
fl i i

B GG

524 442 July, 1978
0= 3%
30+
20+
G
)
=
@
5 o . . 2 ey
L &0
>
(5]
z
R
=]
&
W 2-8 August, 1978
[}
G 20 n=147
it
=
kel
(=]
@
g1
C
30
23-27 August, 1878
20
n=6z2
[«
; 75
; Yoyl v Y iy oy B
Heteted ?OO:BC.CES.;..,‘F?\.-,G‘HOO-‘eZ-.,-.;Z?BD.O_‘:“OQJﬁGD' OO 0L SO0
LENGTH {mm)
Table 8

Comparison of lengths of Pacific sandlance, yellowtail and widow rockfish.
and bluethroat argentines brought by Rhinoceros Auklets and Tufted
Pulfins to their chicks on Triangle Island in July and Auguss 1977 and
1978

Mean length
No. of and 95% conf.

Bird species, year Fish species fish int,, rm
Rhinceeros Aukles, 1977 Pacific sandlance 330 886 1L.0*
Tufted Puffin, 1977 Pacific sandlance 80 844958
Rhinoceros Auklet, 1978 Pacific sandlance 27 1317495
Tufied Puffin, 1978 Pacific sandlance 35 1254052
Rhinoceros Auklet, 1977 vellowtall rockfish o4 i
Tufted Puttin, 1977 veltowtail rockiish 14 54328
Rhinoceros Aukler, 1978 widow rockfish 160 66810
Tufted Puffin, 1978 widow rocklish H) 67231
Rhinoceros Auklet, 1978 bluethroat argentine 279 00.6x1.2
Tufted Puftin, 1978 bluethroat argentine 47 100.0:8.9

*Vermeer {1980 reported significandy longer Pacific sendlance in
Rhinoceros Auklets than in Tufted Pufhins for smatler August samples
only, which included second-vear fish for Rhinoceros Auklers, but not for
putfins.
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