. areas, but m particular to the Barents Sea. Here
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HERRING Clupea harengus AS A KEY SPECIES IN NORTHEAST

ATLANTIC MINKE WHALLE Balgenoptera acutorostrata DIETS

Ulf Lindstrem’, Tore Haug' & IngoH Rettingen’

: qurwegian Institute of Fisheries and Aquaculture, N-9005 Tromss, Norway
Institute of Marine Research, PO Box 1870 Nordnes, N-5024 Bergen, Norway -

Using results from annual studies since 1992 in the Barents Sea, the dynamics in Northeast

“Atlantic minke whale Baleaenoptera acutorostrata predation upon Norwegian spring

spawning herring Clupea harengus, including the effect of the collapse and subsequent

‘increase in the herring stock, were assessed. The location of herring spawning is along the

western coast of Norway, whereas the larvae are transported northwards to fiord and coastal
he immature herring spend their first 2-4
n

)

£

years. The abundance of immature heiring year ¢
variable. One or a few strong year classes are usually followed: by several years of poor year
classes. In the period 1992-1995, the northeast Atlantic minke whale appeared to have
consumed 610 000 tonnes of adolescent Norwegian spring spawning herring annually in the
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the Barents Sea has been highly

The abundance and distribution of herring appears to be well correlated with its diatary
importance for the whales. An example of this was when the major part of the 1992 year class
migrated out of the Barents Sea in 1995. This was followed by a subsequent reduction in the
dietary importance of herring by 50% (in fact, to virtually absence) compared with the year
before. During the pericd 1992-1995, minke whales may have consumed as much as 1.3-1.4
and 0.8-1.0 million tons of the two strong herring vear classes of 1991 and 1992, respectively.

Key words: Northeast Atlantic, minke whale, predation, hcrring
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INTRODUCTION

The Barents Sea scrves as nursery area for several fish stocks spawning at the western and
northwestern coast of Nomay, mcludmg also the stock of Norwegian spring spawning herring
Cfupea harengus Along w1th two maln fish specles that spend their entire life cycle in the
Sea, capelin Mallotus vz'l!, sus and polar cod Boroeadus sam’a adolescent herring
constitute the main plankton feeders in a generalized food web for the area (Hamre 1994,

Gjoseter 1995).

There have been substantial'ehanges in the marine ecosystein of the Barenis Sea during the
past 30 years. The most conspicuous changes relate to the collapses and subsequent
permanent or intermediate rises of the stocks of the pelagic shoaling Norwegian spring
spawning herring and Barents Sea capelin (Reitingen 1990, 1592, Hamre 1994, Gjgsater

199 ) After a colla apse inn the late gmc the Nnrweman spring spawning hemng stock

terminated the rebuilding period in the 1990s. Since 1988, when the major part of the strong
1983 vear class spawned for the first time, the southern Barents Sea has served as the main
.nursery area for immature hemno mﬂtnng n 1990, Hamre 1994 Gwsater 1995). Good larval
survwal gives sirong cohorts and large abu:ndance of young, adolescent (U-j years om)
5 herrmg in the Barents Sea Upon maturation the herring migrate westwards out of this sea,

ioh
e J.lsll. -

larval '-mguali_ies-,' however; ields weak cohorts and Wlll reduce the abundance of
: you:ng hemng in the southem Barents Sea nuxsery areas. The abundance of adolescen n‘n‘irg
m the- Barents Sea is fairly well studied, and a c0n51derable variation in youn herring

; abundance has been _obser_ved in _the 1990s (ICES_ 1996a, b).
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-,*'-.-“:”'““ is known to be ar- u?g“ap'l'fgage fish for n ast Atlantlc mmke whales
',.‘Balaenoptera acutorostrata. along the coast of Norway and in the southern Barents Sea
" (Haug et al. 1995a, b 1996) In fact, the whales appear to have ‘a partlcular preference for
u.‘,.}l'..'g as food (Haug ot al. 1996 Skaua et al. 1997), and the first runs w1th the Barents Sea
multispecies model MULTSPEC indicate that herring is the fish stock most l1kely to be
affected by changes in the abundance of minke whales (Bogstad ef al. 1997). It is, therefore,
likely that recent fluctuations in distribution and abundance of herring may have had an

impact on the feeding habits of the whales.

(3]



In order to evaluate the ecological significance .of minke whales in. the northeast Atlantic, a
scientific progtam; addressing particularly ‘questions concerning feeding ecology by using
stomach analyses, was conducted in Norway in-1992-1994. This scientmc program was
followed by collections of similar data from commercially caught mmke ‘whales in 1995-
1997. This Has provided a time series (1992-1997) on diets which, in combination with
existing knowledge about the abundance of adolescent herring, may serve as a tool to assess
the dynamics in minke whale predation upon herring, including how whales may affect
different year classes of adolescent herring, and how fluctmations in 1151111‘15 abundance

influence the feeding habits of minke whales in the Barents Sea. The purpose of this paper is

address these E'Sﬁ ons,

RAL WFLT st 1 £ s 1

- . MATERIAL AND METHODS

Since 1984, when the strong 1983 year-class of the Norwegian spring spawnin‘g herring was
distributed in the southeastern part of the Barents Sea annual Tesource surveys has been
conducted in May/]une in order to estimate the abuncance of ihe yeai-class components
spending the adolescense i in the Barents Sea. In 1996 and 1997 Russian scientists conducted
their part of the survey (m the Russmn Economic Zone) in May while Norwegian scientists
conducted their part further to the west in june, These abundance estimates are, together with
4 other survey series, used for predicting the total abundance of recruiting herring year classes
'(ICES 1998). The results from the Barents Sea surveys should not be considered as absolute

estimates, but rather to give relative estimates.

The acoustic surveys were carried out using standard methods (e.g. Foote, 1991}, including a
Simrad EK—SGG spht beam echo sounding system (Bodholt ef al., 1989) and a BEI post-
processing system (Foote et al., 1991). The echo integration surve'ys were conducted by
cruising along predetermined transects in the actual area. The allocation of acoustic values to
species groups were carried out on the basis of the acoustic character of each species group
and the results from trawl haunls. The integration was interrupted each time trawling was

carried out, and trawl hauls were taken in response to changes in the echo sounder



observations. Simultanously with the echo integration, a SIMRAD sonar was used to help
verify herring recordings and -especially the distribution borders. The echo recordingé :v.veljc
processed applying the standard echo iniegration method, described in detail by Ma clenn aru.
Slmr"o“ds (1992). The registrations were scrutinized daily, and the s-values for hernn2 were
used to calculate the abundance of the species. The following TS function was. apphec} to

convert the sa-values to herring densities:
TS =20-log L — 71.9 (dB) -
where L is the total length of the herring.

Both. pelagic and demersal trawls were used to sample the observed acoustic scatterers. For
pelagic trawling an “Akra” trawl (opening 25x30m) and a Harstad trawl (opening 20x10m)
was used. Demersal trawling was carried out using a "Super Campelin” 1800 mesh shrimp
trawl with rubber bobbins. Total lengths were measured and age determined (from otoliths)

for subsamples of herring taken in the trawl hauls.

In 1996 and 1997, the abundance estimates of 3+ herring made by the Russians in May dnd
., the Norwegians in june were uveragcd between the two surveys in order to recieve abundance

- estimates that covered the sarnphng period for mmke whales (ICES 1998). -
” :Sampl'iji'g' of whales

~In-1993, the International ‘Whaling Commission AWC) decidcd that the so-callcd:. “small
areas” boundaries should be retained for the management of Northeast Atlantlc minke whales
According to this division, minke whales from the North Sea U:,N ), coastal areas of Lofoten

and Vesterdlen {(EC), coast of Finnmark and the Barents
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- Spitsbergen. waters (ES) are con51dcred to belong to dlfferent breedmg stocks (see Flg 1),
although there was cv1dence of exchange between some of the areas, in partlcular EB:ES-EN
{Anon. 1993). During commercial ca..-h oﬂerations, qu-tas are set per small area; and each
~operating vessel is _allocated a paItlcular boat quota in one or two of the des1gnated small

-areas in each season.

. The material used in these analyses were collected in area EB during scientific (1992-1594)

and commercial (1995-1997) whaling operations. The scientific whaling operations occurred



independently of the small-area ‘boundaries, and were. organised in five separate and assumed

representative subareas (Haug et al. 19952). However, since two of these subareas (coast of

Finnmark and coast of Kola) were included in the EB area, 44 of the whales taken for
scientific purposes could be included in the present ,anal},fses by allocation to this area. Since

1995, stomach samples have been collected from whales caught by commercial vesseLs in
area EB. '

Minke whales are known to occur in Norwegian and adjacent waters from March/Aprii io
October (Jonsgard 1951), and the scientific whaling operations were designed to span a

ding pericd from early May to late September (Haug er al. 1996). Commercial whaling
occurs over a much shorter period, usually from early May to the end of June. Since some
extent of seasonality is known to occur in minke whale feeding habits (Haug et al. 1996), the
* present analyses were restricted to whales caught-within the period 1 May — 1 July. The
'material from 1992, however, also include whales caught in July and early August. Whales
taken in scientific whaling operations were sampled randomly on chartered whaling vessels
using procedures which included searching along predetermined transects (Haug et al. 1995a,
1996). The whales taken in commercial whaling operations were sampled opportunistically in

areas with expected high densities of whales (see Christensen & Gien 1990).

L}

' 'Analyses and reconstruction of minke whale stomach contents

The complete digestive tract was taken out of each examined whale as soon as possible {1-3
hours post mortem). Minke whale stomachs consist of a series of four chambers (Olsen et al.
1994), but Lindstrem et al. (1997) have shown that sampling and analyses of contents from

the first chamber (the forestomach) 1s sufficient to describe the minke whale diet. Thus, only

[« %

forestoinach contents were used in these analyses. The onboard and laboratory treatment of

the full forestomach contents are as described in detail by Haug er al. (1995a, 1996).

(Pe_thon 1985), while sagittal otoliths and crustaceans were identified to lowest possible taxon
(Enkell 1980, Breiby 1985, Hirkénen 1986). The total number of each fish species was
calculated by adding the number of fresh specimens, intact skulls and half the total number of

otoliths. From otolith length-fish length/mass correlations and random sub-samples of 200



ﬁndigeétéd'otoliths (or as many as possible) from each fish species, the initial prey masses at

the time of ingestion were estimated.

The utuulh length-fish length regressions used-to estimate the fish length from otohth length
in 1992-1997 are given in Table 1. In 1992, 1993 and 1996 where no otohth_ length-fish length

correlations are available, a pooled regression equation, based on the data from 1994, 1995

e
ana 1997, was used. A

equations were significant (Table 1). The age of the
ingested herring was determinied from age-lerigth distributions kindly provided by the Institute

 of Marine Research, Bergen.

‘When éstﬁnating the biomass of crustaceans found in the stomachs at the time of iﬁgestiﬁn,
‘meati individual masses of digested crustaceans were recorded. These masses were based on
masses of a known number of individuals (usually. 250-300) in a subsample. Using kn_own
mean masses of fresh crustaceans (see Haug ef ai. 19953}, the original biomass uf i€

crustaceaiis &

Several feeding indices are commonly used in stomach analyses of top predators (Hyslop

108N Tawnn Br -
1¥ou, ricice & BG}’!

& 1991). No feeding index gives a complete or fully realistic mcture of
dietary composition, and in the 1992-1994 diet studies of the minke whale, the prey was
quantified using frequency of occurrence, and mass and numerical fractions. of individual prey

categories (Haug ef gl 19952, 1996). In the present analyses, only the relative contribution of

* éach prey ‘species to the total diet expressed in terms of recaiculated fresh weight, was used.

.. ‘-d

Herring abundance

- In-1992, the. immature herring was disiributed in three main pa‘"-he_s.: one to the west of
31°00°E; a second north of the Varangerfiord (east of 31°00°E and north of 70°00°N); and a
~-third close to the Murman coast (east of 31°00°E ). The western patch con31sted mamly of 3-
year olds (1989 year class) while the patch north of the Varangerfjord was dommated by the
" 1-year olds. In the more coastal patch, along the Murman coast, 2-year olds dommated the

abundance. The older hernng in the western patch was mainly found at 60-150m depth ‘while



in the two eastern patches- the herring inhabited;-‘the,;upper 50m. The total abundance of
immature herring in 1992, in terms of numbers, was estimated to 53.4 billion indiyidua_ls
(correspondmg to 1.7 million tonnes) (Table Zj. The major part {62%) of this herring
belonged to the 1991 year class, followed by the 2- and 3-year olds (27% and 11%,
' 'respectlvely) Addltlonally, few 4-year olds were recorded in the western part of the survey

area this | year

In 1993, the immaturre herring was distributed off the Norwegian and Russian coasts beiween
'23%0°E and 38°30 E and extending northwards to. about 72°30°N. The highest densities were
" recorded in a belt (30- 180 nautical miles) along the coast of Norway from about 29°30°E and
' eastwards along the Russian coast to about 38°30°E. Additionally, some, uc r*ca"_dijgs

were also made along the Murman coast. The herring in the western part of the survey area

consisted mainly of 2-year olds while the recordings in eastern part were mainly 1-year olds.

In most of the distributional area, herring was found close io the surface {10-30m)}. The total
estimated number of adolescent herrring in 1993 was 130 hillion individuals (corresnondm
‘to 1.5 million tonnes) (Table 2). The estimated number of 1-year. olds (102 biilion) was the

highest number of 1-year olds ever recorded in the area. The estimated number of the 1991

yeat-class of 25.8 billion confirms the strength this year-class. In 1993, only few mdlwduals

of the 1990 year-class (1.5 billion) were found in the survey area, and no recording were

made of 4-year olds. -

~ In 1994, the area with the highest density of herring was resurveyed in the cn" ot the cruise.
' The major part-of the herring was distributed off the Norwegian and Russian coasts between
" 31°00’E and 35°00°E, extending 100 nautical miles northwards off the coast. The most dense
. recordings were made off the Russian coast at about 33°00°E. Another high-density patch of
herring was localised arcund 70°30°N and 33°00°E. When resurveying this area at the end of
the crujse, the distributions had changed and the previously observed dense recordings of
herﬁng around 70°30’N were no longer there. The western part of the survey area was
dominated by 2- and 3-year olds, while the consentrations further to the east was dominated
by 2-year olds. Very few 1-year old herring occurred in the samples in 1994. The herring was
 allocated in the upper 30m in most of the distributional area. The total number of immature
herring was estimated to 85.5 billion individuals (corresponding to 2.9 million tonhes) (Table

2). The 1992 year-class accounts for appreximaiely 70% of the stock in numbers, followed by



the 1991 year-class (21%) ‘One- and 4-year olds was also present in 1994, but 1n low

numbers '

In 1 199 5, " the’ uerrmg was distributed off  the Norwegian and Russmn coasts (24°00’E

38930°E), and extending about 100 nautical miles northwards. The major part of the herrmg
occurred in small shoals and layers of low densities at 100-300m depth. The western, part of
the area consisted mainly of 3-vear old specimens, while in the eastern part the shoals were a
‘mixture of 2- and 3-year olds. The total numbers of adolescent herring in the B Barents Sea was
‘estimated to 17.3 billion individuals (corresponding to 633 thousand tonnes) (Table 2). The
1002 year class was estimated to 8 billion individual and counts for almost 50% of the total

hernng component, followed by the 1993 year-class. As in 1994, the 1- and 4-year olds
"oceurred in low numbers. -
'In 1996 the distribution and abundance of.immature herring was reduced drastically

compared with previous years' (1992-1995), The herring occurred only in restrlcted areas
" north of the Varangerfjord, in small shoals at 100-200m:depth. The Russian resource. survey,
: whlch was conducted one month prior to the Norwegian, showed a slightly dlfferent year-
“class abundanee s compared to the -Norwegian. The 1995 and 1996 year-classes of herring
‘were éstimated to 200 and 50 miillion individuals, respectively, in May. These year-classes
were not completely absent in June. Furthermore, the Russian abundance estimates, of._,the
1993 and 1994 year-classes were in general 1.5-3 times higher than the Norwegian.
The av.'el"age”abundance'6st1mat(33 of herring, based on both the Russian and Norwegian d daa,

are given in Table 2. The total (adjusted) abundance of adolescent herring was calculated to

2. '78“b'i11ioﬁ individuals 6 times le'ss than in 1995. The 1993 year-class of herring was by far

“ In 1997 immature herring was distributed along the Norwegian and Russian coasts (24°OO’E -
U IE ), extending about 60 nautical miles offshore. A high density belt, 10_'t<_):60:_1;a11:tica1
miles off the coast, consiSti'ng mainly of 2~ and 3-year olds, was recorded around 71°20°N and
" 27°00°E. The major part of 1996 Year-class was distributed east of 30°00E in the upper 100m
" of the water'cblhmn5 whilg' the 2-5 yéai' olds were distributed west of 30°00E at 200-250m
| deptthrmlarto 1996, the May- estimates were in general higher (1-7 times) than the June

estimates. The average abundance estimates of herring, based on Russian and Norwegian

[r=]



data, are given in Table 2. The total adjusted abundance.of adolescent herring was estimated
to 4.49 billion individuals, about 1.5 times more than in 1995. The 1996 year-class of herring
was by far the most numerous (2.6 billion individuails) of the year-classes, followed by the 3-

year oids (1 (‘ 45 tul lion individuals).
Dietary importance of herring

In descn'biﬁg the diet of the minke whales, the prey was separated inio three main groups:
- Herring, other fish species (mainly cod Gadus morhua, haddock Melanogrammus aeglefinus
and capelin) and krill (Fig. 2). In 1992-1994, herﬁng con.stituted 58-80 % of the biomass
consumed by the whales in the investgated area, while the remaining biomass included 20-42
% of other fish species, and very small fractions (0-5%) of krill. In 1995 the dietary
-‘importance of herring were reduced to 16%, while other fish species constituted more than
- -half (57 %): of the prey bimass. The krill Iracnon had now increased to 27 %. . In 1994 the
herning fraction had diminished to less than 1 % whereas other fish species and krill
constituted 84 % and 15 %, respectively. An increase in herring importance occurred from
1996 to 1997 when herring constituted 26 %, other fish species 26 % and krill 48 % of the

minke whale diet

* Year-classes of herring (1+) exploited by the minke whales
- Table 3 and Fig. 3 illustrates the frequency of occurrence (FO) and relative biomass (B),
- respectively, of eight year-classes of Norwegian spring spawning herring (1+) exlﬁloited by
minke whales in 1992-1997. The 1991 and 1992 year-classes were by far the most exploited

vear-classes in the period 1992-1997, both in terms of frequency of occurrence and relative

biomass. 0-group herring was excluded from the presentation.

In the penod 1992-1994, the strong 1991 year-class of herring was the dominant herring
- component in the minke whale diets, both in terms of fiequency of occurrence (80-96.3 %)
and biomass (51-99%) (Table 3 and Fig. 3). Additionally, the 1991 year-class was exploited
by the minke whales in 1995 (FO=50%, B=15%) and 1996 (FO=14.3%, B=2%) (Table 3 and
Fig. 3). The 1990 yea:r-class occurred 30.4-80% of the minke whale stomachs in the period

11992.1994, and constitited apnroxlnlatelv 0.1- 39% of the eaten herring biomass -in this

K=



penod Addmonally, the 1989 year class occurred sporadically in 1992, but was hardly

:present in terms of relative biomass.

In 1993-1997, the strong 1992 year-class occurred in Qarying f;eciuéncies‘ in the mmkr: whale
diets (20-91.7%) (Table 3). The minke whales predation upon the 1992 year-class was most
c‘311‘513i0u°‘-13 in the period 1994-1996 when this year-class constituted 44-80% of the relative
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In 1997 the 1996 year-class of herring ‘predominated the herring component in the minke
..--.1:.3 dlets in 1996 both in terms of frequencv of occurrence (84.6%) and biomass (56%)
) (Table 3, F1g 3) '

Herring year-classes exploited vs abundance in the sea

In 1992, the strong 1991 year-class of hening was by far the most numerous herring
component in the Barents Sea (62%, Flg 4) The minke whales had' almost- exclusively
. exploltea the 1991 year-mass {(99.5%), while the numerical contributions of the larger sized
| 1989 and 1900 -a. -classes to theé minke whale diets were negligible. This is also well
illustrated by ' length composition of herring found in the whale stomachs as-compared

 w1th those found in the sea (Flg 5).

In 1993, the strong 1992 year-class dominated in the sea in ierms' of relaii
. -abundance (79%), accompanied by the 1991 (20%) and 1990 (1%) year-classes. The 1991 |
.+ year-class completely dommated the mmke whale chets (65%), followed by the year-classes
.of 1992 (20%) and 1990 (15%) (Fig. 4). As seen : also from 5 Fig. .J, the whales had exp
only the larger-sized (>120mm) herring in 1993, o

- Similar to 1993, the 2-year ol

~ herring in the sea in 1994 (69%) followed by the 1991 (21%), 1993 (8%) and 1990 (2%)

vear-classes. The 3-year olds were the most conspicuous herring component in the minke

——
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whale diets (68%), accompanied by ‘the 2-year olds. (30%). The minke whale foraging
behaviour with - respect to ‘herring year-classes appeared to. correlate with the relative

Fi -

" abundance of the different year-ciasses in the sea (Fig. 5)

The 1992 and 1993 year-classes of herring dominated the resource situation in 1995, and
" contributed with more than 90% to the total numbers of herring. The 4- and 1-year olds
constituted about 6% and 3% of the relative numerical abundance of herring, respectively
(Fig. 4). Similar to 1993-1994, the minke whales had a sironger preference for the 1992 year-
class as compared with the 1993 year-class, which constituted approximately 78% and 15% of
‘the dietary importance, respectively (Fig. 4). The size groups of herring found in the whale
stomachs were similar to those found in the sea (Fig. 5).
In 1996, when herring contributed less importantly to the overall diet of minke whales (Fig.
2), the 3-year oids dominated the relative abundance of herring {65%) in the sea, followed by
the 1992 and 1994 year-classes which contributed with 22%. .and 9% to the herring
COianosition; respectively (Fig. 4). The remaining year-classes, .1991 and 1995, coﬁt:ributed
with less than 5% to the year-class composition. The minke whale diets appeared t0 .correl.ate
relatively well both with the relative abundance (Fig. 4) and size composition (Fig. 5) of

herring in the sea.

The 1996 and 1994 year-classes dominated the relative abundance of herring in 1997 and

*"made up for approximately 58% and 32% of abundance composition, respectively (Fig. 4).

The remaining year-classes, i.e., 1992, 1993 and 1995, contributed less importantly to the

herring abundance. The 1-year olds was by far the most numerous year-class (94%) in the

minke whale-diets (Fig. 4). The other larger-sized year-classes, 1992-1995, constituted only a
f th

e herring component ingested by the minke whales. This i is also evident from

DISCUSSION

The observed year-to-year heterogeneity-indicate that minke whale feeding habits are affected
by environmental changes, In particular, the relative importance of herring as forage ﬁsh for

minke whales seems to have changed conmderably in the Barents Sea during the mvesngatlon
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péﬁod 1 992- 1997. Herring was the most important food constituent for the whales in this area |

in 1992-1694 (see also Haug et al. 1995a, b, 1996), but the component was greatly reduced in

S
been observed in coastal areas of North Norway in previous years (Jonsgz‘ird 1951, 1982,
‘Lydersen et al. 1991, Nordgy & Blix 1992). Changes comparable with those observed in
whale diets have been observed also-for several seabird species breeding in thé séufﬁem
Rarents Sea, in that the recent changes in herring (and capelin) stocks have proved to cause

chianges in both chick diet and breeding success (Batrett & Krasnov 1996).

“The observed variation in herring importance seems to relate closely to the fate of the herring

"'h

stock in the area in the same period. Improvements in recrujtment .of Norwegian s spring

spawmng herring from 1988 onwards have increased the abundance of adolescent herring in
minke whale feeding areas in the southern Barents Sea (EB), and the particularly. strong

1 O I NNL . Ly casseas
19%6a, b) scems to-cxplain the dominant rele of imn 1gture

oris ( CES
» whale diet 1992-1994 (sce also Haug et al. 1996). In fact, these two

" year classes dominated the hernng- component in the whale diet in the whole period 1992-

?i' and 1992 co

1995. Although strong herring year classes may: be exploited by the: whales in 5 consecutive
years, most of the herring of the 1991 and 1992 cohorts had migrated westwards: out of the
Barents Sea during 1995. Since the 1993-1995 year ciasses of herring were rather weak

- (Anon. 1996a), a reduction in the availability of adolescent berring as prey were the result.
' This has apparantly caused a diet switch to othier fish species.and krill in the area in.1996. The
| 19?5 year class of herring is considered particuidrly weak, estimated to only 1% of the 1992

year class as O-group (ICES 1998).

" 'In their calculaiions of the total food consumption of northedst Atlantic minke whales during

 the’ p riod 1992-1995, Folkow ¢t al.- (1997) suggested that approximately 610 000 tons of

-

adolescent herring might have been taken annually in the southern Barents Sea by the whales.
With the observed representation of the 1991 year class of herring on the whale diet, the
implication is that the whales m.ay have consumed as much as 1.3-1.4 million tons of this year
class during the period 1992-1995.- The total whale consumption of the 1992 year class may
have been of a magnitude of 0.8-1.0 million tons in the same period. In addition to the
consumptlon of adolescent herring in the Barents Sea, minke whales - -are known. 1o feed on

dul 4 iring during summer @nd autamn further to the west and south along the Norweﬁlan
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It is evident that adolescent herring is abundant both in the Norwegian and Russian Economic
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Zones in the southern Barents Sea, and ihat the geographical distribution of year classe
vary from vear to vear. Certainly, this may have effected the results from the whale stomach
analyses since whaling in the period 1993-1997 was allocated exclusively to the Norwegian
Economic Zone. It is well known that minke whales occur and forage also in the Russian
Economic Zone (@ien 1991, Bien et al. 1987), and more samples from this area may have
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caused changes both in total abundance and relative age co "postﬁr o
menu.

While krill was scarce in the observed 1992-1994 diets of minke whales in the southern
‘coastal areas of the Barents Sea and North Norway, it contributed significantly to the EB area
diet in spring in 1995 and in summer in 1996. Krili has been reporied as important minke
whale food in the southern Barents Sea also in previdus years, €.g., in 1972-1973 (Christensen
1972, 1974). These were years when the herring stock had very recently collapsed and the
stock abundance of this species was extremely low (Rettingen 1990). Very little young
herring were observed in the Barents Sea in the years 1970-1982 when the main nursery area
“for ‘the stock was Norwegian fjords and coastal areas; Even though it is evident that minke
whales are rather euryphagous and flexible in their -_choicc_e of prey, it seems evident that krill
may represent an important food alternative for the whales in periods when more preferred
- food, such as herring (see Haug ez al. 1996, Skaug et al. 1997), occur more scarcely. Most
. ‘probably there is a predator-prey interrelationship betwe_en capelin and krill in the Barents Sea
(Dalpadado & Skjoldal 1996), which may implicate an increased krill abundance following
ine collapse in the capelin stock in 1992/1993 (see Hamre 1994, Gigmter 1995). However,
whenever the stock of Norweglan Spring spawning nemng proauc':b strong year u1'a‘.SS€a, it
seems as if it is the most consumed forage fish for minke whales in the southern Barents Sea.
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Table 1.Regression equations between fish length (FL, in mm) and otolith length (OL, in mm)
in Norwegian spring spawning herring. N = number of specimens included in the analyses.
## = P<0.001.

Year Equation Range N r P
1694 FL=-17.77+71.71 . OL 140-285 131 0.89 #i
1995  FL=-37.19+5147.0L 170260 26 0.68 4
1997 T¥L=-6.82 +66.84 - OL 85-175 157 0.83 ##
(1994,1995,1997)* _

FL=-11.55+69.18 - OL 85-285 314 0.96 ##t

*Paooled regression equation.

Table 2. Acoustic estimates (billion individuals) of adolescent herring
in the southern Barenis Sea in the period 1992-1997.

hy ¥ E N,

Vear
Year class 1992 1993 1994 1995  1996* 1997+
1988

1989 0.1

1990 58 15 17

1991 140 258 180 11 0025
1992 326 1027 592 80 06  0.05
1993 66 77 18 035
1994 05 025 145
1995 0.1 0.04
1996 2.6
Total 525 130 855 173 278 449

* = the averaged abundance estimates of the Russian and Norwegian
-surveys
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Table 3. Frequency of occurrence of eight year-classes of herring in the minke whale diets as
100
1

observed in the southern Barenis Sea in ihe period 1292-1997. N=number ¢f whales
examined.

Year
Year-class 1992 1993 1994 1995 1996 1997
1989 16.7
1990 . 304 80 25
1991 913 80 96.3 50 14.3
02 20 889 917 429 308
1993 ‘ R 148 50 571 231
94 | S 74 s
1995 | R - 286 462
1556 | - 846
N 23 5 7 1 713
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Fig. 1. Geographical subareas used in management of minke whales in the North Aiianiic.
The subarea included in the present study is the EB (Barents Sea and the coastal areas of

Finnmark and Kola) area. From Anon. (1993).
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Fig. 2, Food composition, expressed as relative biomass, of prey groups in minke whales
sampled in the EB (Barents Sea and coastal areas of Finnmark and Kola) areain 1992-

1997. The group other fish constitute mainly cod, haddock and capelin.
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 Fig. 3. Year-class composition, expressed as relative biomass, of adolescent herring in minke
" whale diet in the ER (Barents Sea and coastal areas of Finnmark and Kola) area in

1992-1997.
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* Fig. 4. Relative importance, in térms of frequency of occurrence by numbers, of year-classes
" of adolescent herring in minke whales and in sea in the-southern Barents Sea in the

period 1992-1997.
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Fish length (mm)
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Fig. 5. Length distribution of hetring sampled in minke whale stomachs (open bars) and in the

sea (hatched bars) in the southern Barents Sea in 1992-1997.
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