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Fish changes in diets of nestling
Rhinoceros Auklets and their
implications '

1. Abstract

The diet of nestling Rhinoceros Auklets (Cerorhinea
monocerata) was investigated on offshore Triangle Island
(1976-79) and on inshore Pine Island (1977-80) and Lucy
Island (1979=80), British Columbia. Variations i the diet
occurred between years and within each summer, The
annual variations include the early predominance of Pacific
sauries (Cololabis saira) in 1976, thuctuations in abundance of
age groups of Pacific sandlance (Ammaodytes hexaplerus) atid
Pacitic herring (Clupea havengus), i change i rocktish
(Sebastes) species, and the appearance of bathypelagic
bluethroat argentines (Nansenia candida) in 1978, Ina given
summeer sandlance and rockfish predominated in fulv, and
herring and sauries in August. Changes in age and size of
sandlance species, composition of rockfish, and occurrence
of sauries and bluethroat argentines at '1'riangle and Pine
islands were synchronized over the vears. Satrtes were more
prevalent in the diet of birds teeding in the otfshore waters
of Triangle Islund, whereas herring wus more prevalent at
inshore Pine and Lucy islands.

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

2. Résumé

Nous avons étudié le régime alimentaire de jeunes
Algues & bec cornu (Cerorhinca monocerata) dians l'ile hau-
turiére Triangle (1976 a 1979} et dans les iles coneres
Pine (1977 a 1980) et Lucy (1979 et 1980) en Colombie-
Britannique. Les variations du régime alimentaire se ma-
nifestent d’une année & [autre et au cours de chaque éte.
Pour ce qui est des variations annuelles, citons d'abord L
prédominance du balaou japonais (Cololabis satra) en 1976,
certaines fluctuations de Fabondance des groupes d'ige du
lancon du Pacifique (Ammodytes hexapterus) et du hareng du
Pacifique (Ch:ﬁm harengus), un changemerna dans les especes
de sébaste (Sebastes) et I'apparition d'argentines baty pélagi-
ques (Nansenia candida) en 1978, Au cours d'un été donné, le
langon et les sébastes ont dominé en juillet, alors que le |
hareng et le balaou ont été plus abondunts en aodt. Les
variations d'Age et de taille des espéces de langon, la
composition des sébastes et la fréquence d'apparition des
balaous et des argentines aux fles Triangle et Pine sont
synchronisées ati cours des ans. Le balaou compose une plus
grande proportion du régime alimentaire des oseaux qui se
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nourrissent dans les eaux de Pile Triangle etest remplace
par le hareng dans les tles cotiéres Pine et Luey.

Les populations de poissons juvéniles gui habitent
les eaux de surtace sont tres dithicdes & étudier par les
methodes classiques d'échantillonnage de Ly rone pelagigue,
L.os études du régime alitentatre de PAlgue abeccorna,
complétées par des ¢tudes de capture au filet, permettend
done d’echantilionner les popudations et danalsser les
classes diige des poissons juvéniles | ‘

3. Introduction

T]]t‘ R]lillil{'t‘l*ﬂﬁ :\llkl{‘! {(;'u'rmlurun ot el

breeds trom the Farallon Islands, Calitorng to the Sand-

nan Reels in Alaska in the northeastern Paciic and from

the centrad east coast of Japan to northern Sakiilin and

Kuril istands in the northern western Pacihic 4 Udvin o
106, Vermerr 14979, T he bicds nest in burrows about 1 me
in length and lav one eggs that hatches ot the begmmng ol

Julv. The chicks spend about 7 weeks in their hurrows and

leave the nesting istand between mid Awgust aned imid
Septetber, During the nestling period cach parcot brings
one meal of fish per night to the chicks (Richardson 1961,
The diet of nesthng Rhinoceros Aukiets consists adimose
entirelv of stnall fish (Vermeer E979 1 he adulis cares the
fish crosswise in their bills which leaves the prey mostis
intact and facilitates identtication and measirement. 1ts
during the chick-rearing pertod i Julv and Auguast th
prev can be adequately sampled.ind changes in speacs und
size determined The eftects of such changes on the grosth
and reproduction of Rhinoceros Auklet were repottedin
Vermeer and Cullen (19785 and Vermeer (1980),

'he objective of this paper s to docament the
changes in fish species in meals brought by parent birds o)
thetr chicks. and the ditferences between inshore and
otfshore breeding localities in Brinishy Columbia, Ashmole
and Ashmole (1968) suggested that tropical nuirinme birds
are indicators of relative prey availabidity. We abso address
the potential use of the fish diets of Rhinoceros Auklet
nestlings as indicators of prev occurrense i temperate:
waters and as a method of studving age-classes of certin
tish species that are extremely dithicult o sanple wals
cotventiontl techniques, L

1

4,  Methods

Fish were collected from adult Rhinoceros Auklets in

July and August on Triangle Island (50°52°N: 12005’ W),
Pine lstand (50°58'N: 127°41'W), and Lucy Island
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(45°18'N: 130°37'W), Briush Columbia (Table 1). Triangle
[sland is exposed to the open North Paci fic Ocean, whereas
Pine and Lucy islands are sheltered by nearby land masses
(Fig. 1). Triangle Iskand has no trees, whereas Pine and
Lucy islands are covered with dense forests. These islands
were selected hecause they contain the largest breeding
colonies of Rhinoceros Auklets ir British Columbia. We
bewan food sampling on Triangle Island in July 1976, Pine
Lsland was added in 1977, and Lucy Istand in 1979. A major
seasomal 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.
whchronized between istands whenever possible.
Rhinoceros Auklets were caught by hand with the aid
of a bright flashlight directed on them as they landed with
(ish in their bills. Fish were placed in plastic bags and the
hirds released immediately. Collection sites were changed
each night and the sampling time kept within 1 hto
minimize disturbance to the birds. Sampling locations
rangzed trom 30 10 400 m apart around the periphery of the
slands. Localities with moderate slope angles and free of
dense underbrush were selected o facilitate bird capture in
the dark. Samples were placed in cold tap water an
processed the saz- night (23:30--07:00). Whole fish were
dentitied. weighed to the nearest 0.1 g with Pesola scales
and their fork length (tip ot snout to the fork of the tail) was
measured 1o the nearest millimetre: About 5-10% of the
prev brought o the chicks were damaged or consisted of
anineasurable pieces. These were weighed and idenufied
when possible. Fish which could not be identified un-
nediately, such as rockfish, were preserved in 5% formal-

Figure |
Loxcation of Fine, aes i 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
common if less than 10% of the biomass, and as occasional if
the prey occurred not more than six times during the study
period at any island.

Statistical tests of significance between means were
determined with two-tailed t-tests, and between proportions
with Fisher-Exact tests. Common and scientific names fol-

low Hart (1973).

5. Results
5.1. _’ Prey composition and changes

The 2165 Rhinoceros Auklet meals collected on the
three islands contained at least 10 000 fishes and weighed
65 kg (Table 1). The average bird meal was 30 g. Meal size
increased significantly over the summer season in certain
years (Table 1). At least 29 prey species were observed
(Table 2). ‘The principal foods included 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 Island in 1980.

----------l-----I---III-lI-IIIlllllIllIIIlllllIlllilllllll-llllllllIl
Table'l .
Cotlection periods of food samples and meal sizes of Rlunoceros Auklets

on Triangle, Pine, and Lucy islands, 197680

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 34.6x7.1 17.0-61.0
Istand I~ 15 August 16 38.8+7.6  20.0-60.0
16--31 August 17 35.8206.5 10.0-49.0
1977 9-21 July 31 . 258257  0.0-48.5
2-5 August 34 28.8x4.9 9.0-59.0
16-21 August 3() 37.225.2 13.0-51.1)
1978 4-12 July 36 25.0+2.6 4.0-47,0

16.0-51.0
11.5-52.0

37 31.7+2.7
31.2+3.0

2-8 August
15-18 August 42

_—.—_—_—-—H—l—l—w—

1979 1-6 July 55 21.0+2.0%  10.5-42.4

1 -8 Augitst 48 32.5+29  14.9-574

21-23 August I8 J09+48 7.1-49.8
Pine Island 1977  2-5 August 86 31.2%3.2 9.4-68.0
1978 5~11 July 152 204+ 1.6*%  B.0-H0.0

2-8 August 180} 343+14  13.0-63.0

2327 August 79 302+18  16.0-61.0

197¢  1-6 July 111 28.5+1.6  12.5-525

1 -8 August 186 286 {.6 11.3--62.6

1980 1-6 July 149 234 1.6* 7.2-54.0

1-5 August 152 32618 11.7-620

18-2! August 133 32.8+14  17.0-565

Lucy Island 1979 11-14 July 105 30918 124-611

__H-183August 100 311420  13.0-567

1980 10-13 July 99 200+ 1.6* 14.2-53.3

11-14 August 127 33618  14.5-63.5

*Mean significantly less than succeeding meun meal size (£<0.05),

' Table 2 gives scientific names of prey species.
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Table 2

Prey species in Rhinoceros Auklet meals on ‘Triangle, Pine, and Lucy
istands, 1976~80 (P = principal, C=common, O = occasional; years in
|mrentheseu indicate predominance of patticular prey species in those

Triangle Pine Lucy
Prey species o 197679 1977-80  1979-80
Pacific herring (Clupea harengus) O P p
Northern anchovy (Engraulis mordex) — O —_
Chum salmon (Gncorhynchus keta) 0 C (
Coho salmon (Oncorliynchus kisuteh) —_ QO —
Sockeye salmon (Onchorhynchus nerka) ; I $
(1URO)
whitebait smelt (Allosmerus elongatus) — O —
Surf smelt (Hypomesus pretiosus) — O
Capelin (Mallotus vitlosuy) — e (:
Fulachon (Thaleichthys pacificus) O 0 —_
Biuethroat argentine (Nansenia P ¢
cundida) (1978) (1078) —
Slender barracudina (Lestidium
ringens) O () -
Blue Janternfish (Tarletonbeania
crennlaris) O — _.
racific cod (Gadus macrocephalus) (2 O —.
Walleye pollock (Theragra
chalcogramma) — O ()
Pacific saury (Cololabis satra) P I’ -
B ity
Pacific sandfish (Crichoden trichodon) — (. (.
Pacific sandlance (Ammordytes -
hexaplerits) B p P
Pacitic ocean perch (Sebastes alutus) (. P -~
(1979 (HO7
Dark-blotched rockfish (Sebastes
cramer) — () |
Widow rockiish (Sebastes entomelas) P P —
{1U%R) (1978, 1UNM
Yellowtail rocktish (Sebastes flavides) P P
(1977) (1977)
Redstripe rocktish (Sebastes proviger) — ()
Rm‘kﬁsL (Sebastes sp.) — - {)
Sablefish (Anoplopoma fimbria) (. (. (.
Kelp greenling (Hexagrammos |
decagrammi) (. (. (
Ling cod (Ophodon elongatus) —- = )
Cabezon (Scorpaenichtiys marmoratus) — O
Flathead sole (Hippoglossvides
clavsodoun) - ()
Squid (Loligo apalescens) ( ( {
Squid (Beryleuthis anonyehus) — ()

Table 3
Percentage occurrence {%0) and biomass (% B} of virious fish i
Rhinoceros Auklet tneals

Sandlance. herring, and sauries made up 75% or
more of the weight of bird meals. Sandlance accounted for
27,31, and 59% of the food weighits on Triangle, Pine, and
Lucy islands, respectively (Table 3). Herring accounted tor
43% on Pine Island and 33% on Lucy Island. Siniries made
up 47% of the hiomass on ‘Triangle Island. These three
species of prey, and rockfish, argentines, and salmon,
together made up 95% or more of the total food biomass.

The incidence and weight of food species of Rhi-
noceros Auklet chicks varied among vears (Fable 3. Fig. 2).
On Trangle Island. sandlance were scarce in 1976 but
relatively abundant in later vears. Sauries were the onlv prev
of significance in 1976, but declined in importince as
sandlance occurrence increased in other vears, I 197K,
however, botli prey species were displaced by argenitines in -
frequency of occurrence and percent biomass. On Pime
Istand, herring complemented sandlance in occurrence and
biomass. in anv given vear, when sandiance were Jess
unportant, herring were dominant inthe birds” diet. "The
near doubting of herring biomass from 1977 1o 1978 andd
from 1979 10 1980 relate to the predominance of first-ved
Fish in 1977 and 1979 and second-vear fish in 1978 and
O8O, Similar complementary occurrences between sand-
lance and herring were observed on Lucev Island.

Rockfish occurred in the diet of Rhinoceros Auklet
chicks on Trangle and Pine islands. They were high in
accurrence but relatively low in biotass due to their small

—sizes. A distinet, remarkably simigbar vearly shiadt i rockbish

species took place in both locations Clable by, In 1977 the
vellowtail rockfish was the sole speaes occurring at Vrangle
and Pine islands except {ov one occurrence of redstigpe
rockhish, In 1978, the widow rocktish wiss the sole rockfish

species on both islands: in 1979, 1t was the Padific oeean

perch. | ,_ -
The mcidence and weight of prinapad pres chaneed
over the summer months Clhable 5 and e 3 sandlin e
and rockfish occurred more frequenths i the dict o July
(F<20.0%, Siearies and berving occarred more i \ngus
(P 005 except lor 1076 when sauties predonunated
throughowt the nestng perasd,
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Sandlance Herring Sauries Rockfish Argentines Salmon  and squid
Year %0  %B %0 %B %0 %B %0 &%B %0 4B GO 4B GB
Triangle Island ) . o
1976 6.4 4.7 2.1 | 8 0.7 .7 : - 43 2 ) | 3
1977 62.1 45.8 2.1 1.0 384 +4.3 27 6 13 .y 1t 0n 1
1978 1.3 7.4 (1.4 ().4 YN Lo 30 159 TR 8.0 LRY o L
1979 54.5 41.5 1.7 0.9 $4.6 Y 124 | N 1 ) iR 03 A
1976-7%%) 373 26,6 1.3 (X T P R Y R 1 S L DS LA ST AL AR L.
Pine Island i - ) .
1977 66.3 42.5 34,1 15.9 {48 20 Y 97 | 5.5 - i }.4 39
1978 1.4 28,0 45.7 48,0 X 4.3 16.5 W RY 3.0 $.5 5 15
1979 63.9 Hl.5 43.6 30.8 4.9 5. 5o v 4 02 o ouad LR Y 34
1981) 92,1 12.0 51.4 56,4 .1 N H6 12T - bt 3 b
1977-80(X)  40.9 0.9 46.4 43,4 4.8 5.4 16.5 70 |8 15 4d ,J. 33
Lll(t III‘I‘d o | | - | ’ 4."
979 756 685 205 21 - -— Lo o0s - P4 o8 45
1980 59.3 50,2 46.5 42.8 ~- — — - — - .3 <X :'ﬁ
1979-8(%)  65.9 58.9 3.1 32.9 — — (1.5 .02 - b 1 =




29 Yearly changes in size of principal prey

| The length of sandlance in Rhinoceros Au!gl_el 1113;1!5
waried signiticantly among years (1 able 6, g, 4). l here are
1o data on the age of Pacific sandlance n British Columbia
waters. so we assumed that those in the 40~110mm length
nerement represent first-vear fish and those m the 100-
180 mm increment were second-year and older lilsh'. I'his
Cassumption agrees approximately with the age distribution
of sundlance in Alaskan waters (Hatch, this 1-’{)lumt.':.l)l(:k
and Wigner, in press). First-year sandlance predominated

Table 4 | -, | o
Percentage accurrence ¢ O) and biomass (G B) of rocklish species in
Riunoceros Auklet meals on Triangle and Pine islands. 197780

1977 1978 1979 1980
%0 %B %O %B %0 %B %O %B

‘Rockfish species

Triangle Island
Yellonwta] |
vox hiesh
Widow rockish — —
Paghic ocean
perch ‘ — —

Pine Island
YeHowtnl

v kdish |
Withow I‘lu;kl-l*-ih LT "
Pacibie ocean | ..

O b4 24— —
iark-blotched

ven hinh - e -es —— — 1.4 {).3
Redstripe

ron hish | .2

M
Figure 2 | | o
U hanges in food bicimass of Rhinoceras Auklet nestlings among years
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on Triangle and Pine islands in 1977 and 1979, and on the
latter in 1980, Second-year and older fish occurred most
trequently on both islands in 1978. A bimodal distribution
of sandlance lengths was observed on Lucy Island in 1979
and 1980, represcnting first-year and ol_der age groups.

Comparison of the overall length and biomass distribution
of sandlance on Triangle, Pine, and Lucy islands indicate
that first-year fish far outnumbered older ones, but the

biomass of the latter was of about equal importance to the

hirds (Fig. 5).

Herring, like sandlance showed a distinct year-to-
year difference in average length (Table 6) and in length
distribution (Fig. 6). The 40-100 mm and the 10()-—!8(} I
length increments represent first- and second-year fish,

respectively (Laylor ef al, 1957). The bimodal distribution of

Figure 3

Changes in food hiomass of Rhinoceros Auklet n

months

. Triengle Islond

estlings over the summer
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hersing 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-year age-classes are more
distinct than those of sandlance (Figs. 4 and 6). As with

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

Pacitic sauries were the largest fish in the diet of
nestling Rhinoceros Auklets (Fable 6), The mean lengths of
saurtes collected at Triangle and Pine islands were not
significantly different. Saury lengths in the diets on $riangle
and Pine islands showed i 30=230 mm fessgth range (Fe, 8).
The 30-230 mm long sauries may all be tirst-year tish |

because Hughes (1974) reported two spawning periods per

vear (April-fune and August—-November) in this region.
Rockfish lengths were unimodad and represent only
one age group ol each species (Fig. ). Difterens es between

lengths of rockfish from Triangle and Pine iskinds were not
signiticant (Table 6). Al specimens were probably in then

tirst vear beciuse they averaged much shorter than

L-veur-olds (Phillips 1961, Westrheing and Harling 19751
Bluethroat argentine lengths were aimedal smd.,

like sandlance, rocktish, and savries. of sinnlar sizeon

Triangle and Pine islands (Fable 6 and Fig. 100, We tound

no information to establish the age of the agentines, Mean
lengths of sockeve salmoen were similar on Pine and 1o
islands CTable 6) and were most likelhy second sear fish
(Fourster 1O68). | .

Sizes of bluethroat argentines tFig. S and fistvear
santd e Clable 7y also varied over a wiven sumimer. Fladh
(this volume) ascribed the increase in pres sizeanthe

Figure 5 .
Overall frequenes distribition of lengths aned wedghts af Pactie sandlange
in Rhinoceros Auklet meals .
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qorthern Gulf of Alaska ruring the summer months to
growth, This cannot be ascertained from our data hecause
wuklets fed on tish of ditterent year-classes m*e_r_lhc summer
which may or may not overlap in size (e.g. see Fig. 11), and
the length of fish may vary among schools of the same
vear-class. | |

6. Discussion
6.1.  Diet composition and prey occurrence

The composition of prey species in the food of
nestling Rhinoceros Auklets may be influenced by the
teeding location (offshore vs. inshore and northeri vs.
southern waters), random availability in the marine environ-
ment. timing of prey occurrence, and water temperatures.

The predominance of certain hish species in bird
meals retlects their occurrence near auklet colonies. On the
hasis of observations by Cocdy (1973) and Wahl ¢/ al, (1979,
more than 309 of the Rhinoceros Auklet breeding popula-

Figure 6 B o |
Length distribution of Pacitic herring in Rinoceros Auklet meals
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tion should feed within 50~60 km of their respective
‘slands. Sandlance are common prey for many commercial
fish species and several fish-eating birds from Alaska to
Washington (Hart 1973, Harris and Hartt 1977, Ainley and
Sanger 1979, Vermeer 1979). In summer they are numer-
ous inshore at depths of less than 50 m (Harris and Hartt
1977). Herring are numerous inshore during their first
summer (Hourston 1958, 1959) and are important for
many inshore subarctic birds (Ainley and Sanger 1979). The
Pacific saury is an abundant warm-water and otfshore
species (Inoue and Hughes 1971) and is important as prey
of Sooty Shearwaters (Puffinus griseus) (Chu, t!us }rulume;
Ogi, this volume). The predominance of sauries in the
auklet diet only at offshore Triangle Island, and that of
herring only at inshore Pine and Lucy islands suggest
differences in available prey species in offshore and inshore

watcrs,

M
Figure 7 -

Overall frequency distribution of lengths and weights of Pacific herring in
Rhinoceros Auklet meals
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The common appearance of capelin 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). It is an important food for several fish-cating
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 Triangle and Pine islands, and an
occasional prey at northern Lucy Island. Rockfish are
uncommon in the diet of fish-eating birds in northern areas
(Ainley and Sanger 1979).

Bluethroat argentines, a cold water, bathypelagic
species (Hart 1973) suddenly occurred in Rhinoceros
Auklet food almost exclusively in 1978 (except for one fish
in 1979). It was also a major prey of chinook (Oncorlynchus
ishaurytsha) and sockeye 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. Sockeye and pink salmon (€.
gorbuscha) are abundant in Hecate Strait and Queen Char-
lotte Sound (Aro et al. 1977). Sockeye salimon are common
prey of Rhinoceros Auklets in July and August but pink
satmon are not. The migration of pink salmon from those
waters to the North Pacific Ocean in May and June (1.eBras.
seur and Parker 1964) explains their absence in the diet of
nestling Rhinoceros Auklets,

il el Mo .Y, L L

Sauries are warm-water fish and their increase in the
Rhinoceros Auklet diet in August (except in 1976) mav be
explained by the increasing surface vaier 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 August in 1976 at ' vian-
gle Island, because nearshore surtace water temperatures
then were generally lower than in August of succeeding
years (Vermeer 1980). The changes in oceurrence of her-
ring and rockfish over the summer arve not understood.
Rockfish may be aftected by surface water temperatures like
the sandlince which move into deeper water in late ssunme
and fall (Andrivashey 1954), Herring appear stmulto-
neously with sauries in late summer, and may be positivels
influenced by the higher surface water temperatures ar tha
time, | |

£.2.  Changesin prey size

The repetitive seasonal changes i diercomposition,
age classes of prev.and inappearance of srgentmes and
species of rockfish in the diet at both "Triangle and Pine
islands over several vears indicate that Rlunoceros Auklets
fed upon fish of the same age group and spedes cach yeas
but they differed between vears. Along with the auklets,
Tutted Puttins (Fratercula corvhatey on Triangle hand led
ot the same age groups of sandlance and the same spedies
of rocktish each vear, and on bluethroat apgentnes in 1978
(Table 8). All these observations support the by pothess that
the diet of nestling Rhinoceros Auklets refleces changes i
availability of juvenile fish in coastal waters. .

Table 5

Occurrence (%) of principal prey in Rhinoceros Auklet meals (see Table |
for sample size). Statistically signiticant changes are shown by pairs of
letiers (Stat, test: F<00.05)

- Tlrilngle Island " Pine Island o Lun Iuhmd o
- Collection date Sandlance Saury Rockfish Sandlunce Saury ~ Rockiish ﬁ' Hr!*_l_'j!lg N Mndluntihltrmﬁg
o 1976 . _
1 16-25 July —_ [ 06) —
4 =D August — (4 —.
b 16-31 August — O — ) o e
19
p o B-2 July 100" o 35 3
o 4-D August ho doft 34! 19 T 1]
+ 16-21 August 47 L 0! ) - - N o o
L1078
¥ 4-12 July 19 o NE¥ 0 T
3 -8 Augum 1 Jy! ] g 2! S (k1)
FE 15-18 August 5 ' " — -
o 28-27 Augus - — - 24 no_w - R
E 1979 |
@ 1-6 July 100" 0° 25" 5 4 I8 " N
:.ﬁ ll—l‘ljuly i —_ . — . R | - Ty 3
i |-8 August Ik 77 gh 7 4 2" DN - I
12 10-13 August — - - - - - i S
(8 17-20 August — -~ - 44 i (0 50
2-28Augus 000 ¢ o9 006 0 - = T e
1980 | . :
1-6 July . — — 4 0 54 1 e -
Fi~14 July — — - - - — - w7 N
10-~14 August — —— - - — -, - 3 76
18-21 August | : N o ? . -




touched, Determination of density distributions even for
“small 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 in marine
waters to those observed in the diets of nestling Rhinoceros
Auklets. Joint efforts between fisheries and seabird biolog-
ists would enhance our understanding of the distribution

6.3. Rhinoceros Auklets as sampling devices

~ Juvenile fish populations in surface waters are very -
difficuit and extremely expensive to study by conventional
sampling methods. The distribution.of | .l,ll’f;‘l;llle fish pop-
‘ulations is highly patchy and sample variability with nets1s
so great that even species composition can be barely

e —————————————————— and structure of juvenile fish populations and their availabil-
Tﬂhlﬂ B . . - i 1 r . + . i L 1 1 i ‘ 1 . . * .
Lengeh of principal prev in Rhinogeros Auklet meals ot Triangle, Pine, Ity tO marine birds. Neither dlSCIPllnf in itself can Pt ovide

md Lucy islands, 197680 an understanding of the changes that occur in these juvenile

| B Average length populations and their implications for the marine-bird food
Species No. of and 95% conf. chain.
and location Year fishes- int,mm
Pacific sandlance 199 6 14,6 :
S U 071 14 2.0x 4.0 ]
[ riangle i i N | ) 0 Figure 8 !
]I_l[ i ﬂ;‘;{" HH.{] i lr . ! . ’ P" ar . P R] ' vah A kl "l - l I
958 9% 317+ O.5 Length distribution of Pacific sauries in Riinoceros Auklet meils ;
- 979 426 BbH+ 20 _ p
Mine | Sy 401 8.7+ 1.4 {J
”TH | “{il o | iﬂ”.“‘ + 2*7 . ‘ ¢l Triongle island } ‘:'f
a79 2109 R4. 0+ 0.4 1976 8
4R() 4494 794+ 20 n:?75h ::
Lucy - W7y R47 10022+ 1.5 "
( ' T5.1 ( ~+ . L
980 754 8.8+ 1.8 S o
Herring | i 1 : A
Pine 1977 122 | rll.'? s I..J 1 Trengte isiong 4‘1
1”7” T“S T{‘I.“l * IH ne59 —— ‘;_"‘ *, !_;
|U8G W7 ‘ Gyx+ 345 04 N *\:\% }
[ty [574 44 141.1 = 7.0 NN x%\\L\\ -
loso uilx 40 e TERHEIITMTITISY L
Pacific saury | oy ¥
I'niangle | F76 75 79.1% 6.2 | o e
S $1t 3.8+ R0 as A
FO78 1K B AU -t 04 i
At =4 bbbl = 5.2 P
Pine 1977 | 31 179.2+ 5.8 Lo
b - 44 P00+ 7.0 o N
e . 1474 i ' A 151.82 . " Thigngle (sland '
Yellowtail rockfish ) :;: ) ,
{ nangle ‘ 1977 L 527+ 1.3 ;; ' e
- Pine | 14977 92 550+ LA A ;.
| Lo -:h'r
Widew rockfish | N .
Fangle 1978 } GO G6.8= 1.0 ™ = i
CPine . |97 o o= 0.8 s "\\\ , K
Jus0 514 612+ 0.7 N o\ b\\\ N\ -
Pacific ocean perch < 0. - ?
Trrangle . - L7 14 0l.ox 3.0 - 977 3
Pine 1974 75 6312 L5 3 o3t Lf
- merm s e B
Bluethroat argentine % i ; [
1 riangle. | HO78 274 TUSR) B ﬁ
Puree FOYR 103 10262 1.6 '0- l;
Sockeye salmon | - | :5
Pine: C1977-80 95 12484 29 | |
Lucy 1979-81) 21 1208+ 8.4 o T B
“ Fing Islond f
1978
ne 49
19+
‘Table 7 |
‘Comparison of length of Pacific sandlance brought by Rhinoceros Auklets R
to their chicks on Triangte and Pine istands, 1977 and 1978 0y o
R . Pine Islond
Sample Time of No. Mean length and | 18/9
location sampling of fishes  95% conf. int,, mm o) ne37
Trangle Island julv 1977 369 8H.5%+0.9 .
‘ A RN
| August 1977 161 951 %25 Q%§£Q ” _
Pine Island Jl[l}' 19738 204 1205 =27 0 !.t'rt_:-!:il:ﬁ.;nl;ﬂ'ﬂt?31?.31??.1;#?1”131-;!?!;!1;|i'ﬂ-1='i1::}1'”’;}1!.:1 u'm.;gm_lr?*u_::m:
August 1978 252 120.3 £2.7 40.0°5 0'60.0170.0 00,000 000 0.1200 130 6007800 MO0 17001600 1900 2000210 0°12002300
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*Staustically significant from succeeding mean (£<0.05).
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 ength distribution of rockfish in Rhinoceros Auklet meals
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Figure 10 | |
Length distribution of bluethroat argentines in Rhinoceros Auklet meals,

Pine and Trisogle islandy, 1978
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Figure 11

Length disteibution of Pacitic herring in Rhiteweron Auklet méals on Fie
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