20/09/00

Do Large Whales Have an Impact on Commercial Fishing in the South Pacific
Ocean?
Jock W. Young?!

3(3) JOURNAL OF INTERNATIONAL WILDLIFE LAW & PoLicy (2000)

Abstract

Although there is evidence that some populaions of large whaes in the Southern
Hemigphere have increesed in recent years, differences in feeding behaviour and
migration patterns largely precludes direct competition between these and coestd and
pelagic fisheries in the South Pecific Oceen. In paticular, many of the whdes that
spend a lead pat of ther year in the South Pacific make feeding migrations in
summer to Antarctic waters where some etimates put their food intake a 90% of
annua consumption. Others, such as femde sperm whaes Physeter macrocephalus),
which do not migrate from tropica/subtropicd South Pecific waters, feed a depths
grester than that usually occupied by species that ae the targets of commercid
fisheries, such as the tunas (Thunnus op.). Thus even though consumption by whaes
is high, dietary overlgp with commercidly fished species is rdatively low as much of
ther feeding is in waers tha are not exploited by fisheries. However, there ae a
number of anecdota reports tha some smdler cetacean species, in paticular killer
and pilot whdes, take fish from longlines s&t in the region, dthough more are log to
sharks. However, it should be noted that any assessment of interactions between
whaes and fisheries is limited by a lack of quditaive and quantitative deta
Abundance edimates, particularly for some of the smdler species in the South Pecific
region, are only order of magnitude edimates Furthermore, knowledge of food chains
(and ther interactions) for many ceteceans in the South Pecific is sketchy making
asesament of their impact on locd fisheries difficult.

Keywords

Large whaes, trophic interactions, consumption, impacts

1 CSIRO Marine Laboratories, GPO Box 1538, Hobart, Tasmania, 7001, Austrdia,
Jock.Y oung@marine.csiro.aul.




1. Introduction

How much cetaceans compete with commercid fisheries is a reatively recent
debate, one with advocates on both sdes. One view is that because of ther large body
sze and abundance marine mammads in generd, and cetaceans in paticular, have a
mgjor influence on the sructure and function of marine communities?> The dternate
view is tha oceans and ther condituent fauna exist in some kind of fluctuaing, but
largely steedy, dtate in which biomass across Sze groupings (on a log scae) remans
roughly congtant® According to this view, maine mammas do not have a meesurable
impact on lower trophic leves This debae is of more than academic interes when
marine mamma populaions occupy the same aress as commercid fisheries Up until
recently, the debate has concentrated largely on sed populaions® More recently, the
debae has shifted to whades paticulaly the large bdeen whdes, which are now
largely protected from commercid hunting. Some contend that whdes ae beng
protected a the cost of other predetors that are the focus of commercid fisheries.
Dedlining fish catches worldwide in recent times has fudled this debate.

The massve depleion by commercid hunting of most of the large whdes —
over two million whaes were taken in this century done® — pushed some species
cdose to extinction and others to population levels that could thresten their recovery.
The Internationd Whding Commission (IWC) was edtablished in 1946 to manege the

exploitation of whade docks. One by one the large whde species were protected.
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Southern right whales were protected prior to the establishment of the IWC, in 1935.°
Blue whaes were protected in 1965, fin whaes in 1976 ad s8 whdes in 1978.7
Faced with dedining catiches and with increesing oppodtion to whding of the larger
goecies, commercid whding interests turned in the 1970s to smdler species, such as
the minke whde In 1986, a generd moraorium on commercid whding was
declared. Mogt of the countries that are dgnatories to the Internationd Convention for
the Regulation of Whding (ICRW)® have adhered to the moratorium athough 1,000
minke whdes ae d4ill caught annudly under different exceptions induding the
“soientific research” exception under Artide VIII of the ICRW.? There is dso recent
data showing tha other species in paticular southern right, humpbeck, pygmy blue
and sperm whdes, were caught after whaing of these species had been prohibited,
indicating some levedl of nonrcompliance!®* Now however, increases in some whae
populaions'? coincident with the ever-increesing demand for shrinking stocks of fresh
fish worldwide, have rased new quedions. One hypothess the possbility thet
whaes ae competing for commercid fish resources, has revived the debate over

whether whaling operations should be resumed.
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The ecologica role of cetaceans is poorly understood, largey because we "are
faced with the intersection of three inexact disciplines maine ecology, maine

nl4

mamma population biology, and fisheries stience There is, however, a growing
body of literature that, at the very leedt, is beginning to assess their importance.

Much of the revenue derived from the South Pecific Ocean, a breeding ground
for many of the large whdes, is from fishing, particularly for the various species of
tuna With large whaes protected throughout the Pecific Ocean, concerns are being
rased tha if whaes recover to preharvest levels they will directly or indirectly
compete with these fisheries, directly, by feeding on sardine-like fishes that are fished
commercidly, or indirectly by competing for prey resources that are consumed by
commercia fishes such as tunas. This review, therefore, examines the literature on the
ecological pogdtion of whaes in maine food webs and ther interactions with other
goecies to assess whether they may have an adverse impact on the South Pecific

marine ecosystem. Three statements are addressed:

Satement 1. Granting excessive protection to a particular element of the marine

ecosystem will lead to disruption of the biological balance in the same manner as

excessive harvesting.

Satement 2. Cetaceans consume 500 million tons of marine living resources

worldwide. Do they have an effect on fish or are they in competition with humans?*®

Satement 3. An increase in the number of whales in the Pacific will lead to a
reduction in the number of fish (i.e. tuna).

! Katona, S. and Whitehead, H. (1988) Are Cetacea ecologically important? Oceanogr. Mar. Biol.
Annu. Rev. 26, 553 — 568.

' Hiromichi Kaneko, Are Whales and Humans headed for collision? - Some see competition over fish
suppliesa growing possibility, THE NIKKEI WKLY ., Dec. 14, 1998.
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oceans The Indtitute of Cetacean Research March 1999, tabled at IWC 51



This review, therefore, examines the above Statements in light of the literature on the
ecologicd postion of whaesin marine food webs.

There are four classes of marine mammas. Thee are the Cetacea, which
indudes the smdl and large whdes and the dolphins the Pinnipedia, which indudes
seds and s lions, the Srenia, which indudes the dugongs, and the Camivora (sea
otters). Although this review is directed a the large whdes, | will refer frequently to
resserch on the pinnipeds (sedls). Extrgpolating from seds to cetaceans may not
adways be gppropriate. However, as much of the work on marine mamma interactions
has been carried out on the former, reference to them is made when data on cetaceans
are lacking.

There ae further gaps in the avaldble information. For example, the man
commercid fisheries operating in the South Pecific Ocean target tuna Species. To
examine the extent of interactions between whades and tuna severd data sets ae
needed, induding:

digribution of whae and tuna populaions,

sze of whae and tuna populations,

compodtion of the diets of whaes and tunes;
annud energy budget of whaes and tunas,

data on whether food resources are a limiting factor

Even if dl these data were avaldble, (and they are not) there are other issues
that need to be evduated. Perhgps the mogt pressng of these is an underdanding of
the complexities of marine ecosysems. This review, then, will atempt to summarise

some of these broader issues.



2. Thestudy area

The Food and Agriculture Organisation (FAO) has divided the mgor fishing
aess of the world's oceans into a number of ‘datisicd’ areas for which data,
induding those on marine mammds, ae avalable!” The South Pacific Ocean is
found within FAO aess 71 (westen centrd Pecific) and 81 (south western
Pecific)(Fig. 1). Useful data pertaining to this review have been tabulaied in reation
to these areas.’® The data on cetaceans presented here will refer to these aress except
where otherwise stated. Data on tunas, however, are based on the western Pecific
Yelowfin research area, which is bounded by laitudes 40° North and South, and
Longitudes 120° East to 150° West.'® The information for the Southern Ocean is

derived from south of latitude 60° S.

Y Northridge, S. P. (1984) World review of interactions between marine mammals and fisheries. FAO
Fish Tech Pap. 251: 190 pp.

%8 Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine
mammalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
19 Anonymous (1998) Report of the eleventh meeting of the standing committee on tuna.and billfish.
Hawaii, U.SA.
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Figure 1: Map of South Pacific showing designated FAO areas 71 and 81. Datafrom Area 77

are not included as this area extends well into the North Pacific(taken from Northridge 1984)

3. Cetaceansin the South Pacific Ocean

Thirty one species of cetaceans have been recorded in the western Centrd
Pecific (Area 71) and the South western Pecific (Area 81)% induding seven large
whde gpecies that have been hunted commercidly — the fin, blug minke <4,
Bryde's, humpback and sperm whdes. Twelve cetacean species ae common in both
these areas (Table 1). Edtimates of their abundance in these areas are given only as
orders of magnitude because of the imprecison of the daia Neverthdess two species
of larger whaes — sperm and minke whaes — stand out. According © one estimate,
sperm whaes may account for more than hdf the entire marine mamma biomass in

the Pacific Ocean, and may number in the hundreds of thousands in the South Pecific

2 Northridge, S. P. (1984) World review of interactions between marine mammals and fisheries. FAO
Fish Tech Pap. 251: 190 pp.




Ocean?* Minke whades, paticularly in the southwest Pecific Ocean, dso number in
the hundreds of thousands dthough they, like the larger bdeen whdes are presumed
to migrate south to colder waters in summer to feed. The edimated number of killer
whaes and pilot whaes in the same area is in the tens of thousands? However, here

is no information to indicate whether the numbers for these species are increasing.

3.1 Are whale numbers increasing?

Snce the moratorium on commercid whding was imposed in 1986, there
have been a number of dudies to determine whether whae numbers are increasing.
This has not been a smple task because of the wide ranges of the various species and
their migratory behaviour, paticularly in the case of lager whdes. Also, since the
effective end of commercid whding there are no catch daa from which populaion
trends can be deduced and rddively few scentific surveys have been conducted.
Consequently, esimating the abundance of the different whae species is very difficult
— rdiable edimates can only be made for those species, such as humpbacks and
southern right whales, that breed dose to shore and have didinctive features that
dlow for individud identification. Neverthdess, there is consensus that the numbers
of some whae species areincreasing. 2 24 %

With the possble exception of the minke whdes, badeen whdes worldwide

were svedy depleted by whding. However, by 1993 the avalade evidence

indicated that a least 77% of “monitorable stocks’ were incressing.® More recent

*! Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine

gzwmmalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
ibid.

2 Gulland, J. A. (1988) The end of whaling? New Scientist. 20—October, 42 — 47.
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data indicates that this trend is continuing, with many whae populdions in the
Northern Hemisphere increesng. One report indicated that dnce 1979, whde
populations off the east coast of America (Atlantic Ocean) may have doubled,?” but
added that there was <0 little data on limiting factors that this figure was only
peculative. The status of baeen whales from the northern Pecific Ocean is unclear.
Of the 10 dtocks of blue whdes, only the northeast Pecific Ocean stock has been
monitored, and it appears to be increasing.?®

In the Southern Hemisphere, there is evidence for increeses in a number of the
large whdes. Of the four stocks of southern right whaes being monitored (there are
13 spaate socks) dl have sSgnificantly incressed®  All monitored stocks  of
Southern Hemisphere humpback whdes are showing an annuad rate of increase of
aound 10-12%.*° The east Ausrdian population, probebly reduced to the low
hundreds after whaling, was edimated a 3200 in 19963 Monitoring of the
populations of breeding humpback whdes in the Southwest Pedific (Tonga, New
Cdedonia and French Polynesa), however, has not demondrated any dSgnificant
population increeses in recent years, possbly due to recent reveaions of illegd
whding in Antarcic waters south of this region.®® In 1988, the populaion of minke

whdes in the Southern Hemisphere was reported a approximatdy haf a million. 3 A

" Kenney, R. D., Scott, G. P., Thompson, T. J. and Winn, H. E. (1997) Estimates of prey consumption
and trophic impacts of cetaceansin the USA northeast continental shelf ecosystem. J. Northw. Atl.
Fish. Sci. 22, 1%- 171.

%Clapham, P. J, Young, S. B., Brownell, R. L. (1999) Baleen whales: conservation issues and the
status of the most endangered populations. Mammal Rev. 29, 35- 60

* Best, P. B. (1993) Increase ratesin severely depleted stocks of baleen whales. ICES J. mar. sdi. 50,
169 —186.

¥ Findlay, K. (2000) A first step towards a preliminary assessment of Southern Hemisphere humpback
whaes. Paper SC/52/I A5 (unpublished)

% Brown, M. R,, Fidld, M. S,, Clarke, E. D., Butterworth, D. S. and Bryden, M. M. (1996) Estimate of
abundance for east Augtrdian humpback whaesM. novaeangliae from the 1996 survey at Point
Lookout, North Stradbroke Idand. Paper SC/49/SH35 (unpublished)

% Mikhalev, Y. (2000) Biological characteristics of humpbacks taken in Antarctic Area V by the
whaling fleets Savaand Sovietskaya Ukraina IWC Scientific Committee Paper SC/52/1A12
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1992 edimae put the number a 760,000 individuds (+ 250,000).>* However, the
IWC Scietific Committee agreed last year that new daa indicated the minke
populaion was dgnificantly lower then this figure, and theat until further andyss
there was no vaid population estimate.

The evidence for other large whae species is less clear. Comparative estimates
of awundance for some lage whdes in the Southen Hemisphere from sSghting
urveys between 19651978 and 1978/1988 showed that, dthough the numbers of
humpback whaes had increesed, the numbers of blue fin, s and sperm whaes had
either decreased or stayed the same® An ealier esimate indicated that sperm whales

hed increased in numbers but that killer and pilot whales had decreased.® There is no
evidence to suggest that blue whae numbers are increesng. There are d<o little data
on the abundance of Bryde's whde, the only non-migratory large whdes in the South
Pecific. One recent sudy reported an earlier (1980) estimate of 1,800 individuds in
the Solomon Idands areg, but could not determine from a more recent survey whether
numbers of this species had changed.*’

Gullands® condusion that, overdl, whde biomaess is incressing is supported

by more recent studies dthough this is not true in terms of dl species® Moreover, the

¥ Nishiwaki, S., Matsuoka, K. and Kawasaki, M. (1995) Abundance estimates of Southern Hemisphere
minke whaesin 1991/92 and 1992/93 seasons using data from Japanese whale research programme
under specid permit in Antarctic. Rep. Int. Whal. Commn 45, p. 441.

% Butterworth, D. S. and Geromont, H. F. (1996) On the consequences of longitudinal disaggregation
of the Japanese scouting vessdl datain the northward extrapol ation of IWC/IDCR cruise estimates of
abundance of some large whale species in the Southern Hemisphere, Rep. Int. Whal. Commn 46,
p.664.

% Butterworth, D. S., Borchers, D. L., Chdlis, S, De Decker, J. B. (1995) Estimates of abundance for
Southern Hemisphere blue, fin, sai, humpback, sperm, killer and pilot whaesfrom the 1978/79 to
1990/1991 IWC/IDCR sighting survey cruises, with extrapolaions to the area south of 30 deg for the
first five species based on Japanese scouting vessel data. Rep. Int. Whal. Commn. 45, p. 444.

%" shimada, H. and Pastene, L. A. (1995) Report of asighting survey off the Solomon Islands with
comments on Bryde swhale distribution. Rep. Int. Wha. Commn 45, 413 —418.

% Gulland, J. A. (1988) The end of whaling? New Scientist. 20—October, 42 — 47.

¥ Best, P. B. (1993) Incresse ratesin severely depleted stocks of baleen whales. ICES J. mar. sci. 50,
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reported increases, however, have not brought numbers of most of the large whales to

more than asmdl fraction of their pre-exploitation levels.

1



Table 1: Edtimates of population size of 15 common cetaceans in the South Pacific Ocean (WP, world
population; POP, Pacific Ocean population; WCP, western central Pacific Ocean population; SWP,
southwest Pacific Ocean population; +, present but no estimate of abundance; -, absent; ‘00, hundreds;
*000, thousands, ‘0 000, tens of thousands; ‘00 000, hundreds of thousands; ‘000 000, millions).

[Datasources: Northridge, S. P. (1984) World review of interactions between marine mammas and
fisheries. FAO Fish Tech Pap. 251: 190 pp.

Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine
mammalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
IWC Specia Meeting on worldwide status of right whales, Capetown, 1998.]

Family Soecies WP POP WCP SAP

Bdaenidee

Southern right whae 7,000 ‘00 + +
Eschrichtidee

Gray whale 21,113 21,113 0 -
Bdaenopteridae

Finwhde 115,500 45,045 + 22,000

Bluewhade 14,000 4,760 ‘00 ‘00

Minkewhde 860,000 120,400 ‘0000 ‘0000

Sa whde 39,000 17,550 ‘000 ‘000

Bryde swhae 112,000 96,320 + ‘0000

Humpback whae 22,000 5,500 ‘00 ‘000
Ziphiidee

Tasman beaked whae ‘000 2,700 ‘00 ‘00
Physeteridae

Sperm whde 1,900,000 1,178,000 ’00 000 360,000
Delphinidae

Killer whde 80,000 25,600 + ‘0000

Short-finned pilot whale 00 000 180,000 0000 ‘0000

Common dolphin ‘000000 1,650,000 ’00 000 00 000

4. Impact of Whaleson Fisheries

4.1 What do the large whales eat?

The feeding preferences of Cetacean species range from benthic feeders on
invertebrates (gray whdes), through large zooplankton feeders (eg. blue fin, minke,
s and humpback whdes) to killer whaes that feed on higher vertebrates and fish.
Within bdeen whde species three feeding types ae recognised: grazers, feeding
usudly on copepods (incdudes right whdes); engulfers of krill and fish (finner

whaes); and foragers of the sea bottom (gray whaes).”® Pauly et d. summarised the

40 Bivorunas, A. (1979) The feeding mechanisms of baeen whaes. American Scientist, 67, 432 —440.



trophic postions of 97 species of maine mammas* They divided the types of prey
eden into eght caegories. Table 2 summarises the diets of common cetaceans in the
South Pecific. Note that the large whaes are predominantly planktonic feeders.

Besks from 14 families of cephdopods were identified in sperm whde
somachs, underlining their importance as prey for this species® Hidioteuthid and
Octopoteuthid cephdopods were the main families identified. The sze of cephaopod
egten increased with whae sze, which indicates that larger whaes foraged a grester
depths, because cephdopod sze usudly increeses with depth. This condudon is
supported by the occesond presence in lage sperm whdes of the giant squid
Architeuthis which inhebits grest depths The dependence of sperm whdes on
cephdopods is suggested by the fact that their didribution is mached to the
digribution of ther man prey — cephdopods, manly species of Hidioteuthidee and
Ommastrephidee*® A mgor review of baeen whae food found thet Bryde's whales --
the only true resdent of the South Pecific and Cord Sea -- unexpectedly consumed
euphaudids (mainly species of Euphausia and Thyssanoessa gregaria) rether than
gndl fish* Minke whdes in the Northern Hemisphere mainly est fish. In the
northeest Atlantic Ocean, they est manly cod (Gadus morhua), herring (Clupea
harengus) and capdin (Mallotus villosus) and euphausiids (Meganyctiphanes p.).*
In the northern Pacific Ocean, they feed mainly on pacific saury Cololabis saira) and

Japanese  saury  (Engraulis japonicus), but dso some eupheusids (Euphausia

“ Paully, D., Trites, A. W., Capuli, E. and Christensen, V. (1998) Diet composition and trophic levels
of marine mammals. ICES Journd of Marine Science 55, 467 —481.

“2Beg, P. B., Canham, P. A. S. and Macleod, N. (1984) Patterns of reproduction in sperm whales,
Physeter macrocephalus Rep. Int. Whal. Commn (Specid 1ssue 6) 51— 79.

“ Northbridge, S. P. (1984) World review of interactions between marine mammals and fisheries. FAO
Fish Tech Pap. 251: 190 pp.

4 Kawamura, A. (1980) Review of food of baleen whales. Scientific Reports of the Whales Research
Indtitute 32: 155-197.

“**Nordoy, E. S. and Blix, A. S. (1992) Diet of Minke whalesin the Northeastern Atlantic. Rep. Int.
Wha. Commn. 42, 393- 398.
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pacifica)*® In contrast, minke whaes in the Southern Hemisphere feed predominantly

onkiill (Euphausia superba), and secondly on lanternfish (family Myctophidae).*’

Table 2: Relative proportions of eight prey categoriesin the diets of 13 common cetaceans in the South
Pacific Ocean (Bl, benthic invertebrates; LZ, large zooplankton; SS, small squid; LS, large squid; SP,
small pelagic fishes; MP, midwater fishes; MF, miscellaneous fishes; HV, higher vertebrates). The
trophic level value refersto the level of the food chain at which the animal feeds (e.g. alow trophic
level refers to a plankton feeder)

[Table adapted from Pauly et al. 1998]

Family  Species Diet composition
BI LZ SS LS S MP MF HV Trophiclevel
Balaenidae
Southern right whale 1 32
Eschrichtidae
Gray whale 09 01 0.05 33
Balaenopteridae
Fin whale 08 01 01 005 01 34
Bluewhale 1 32
Minke whale 0.7 0.3 0.1 34
Sei whale 08 01 01 005 01 34
Bryde'swhale 04 02 02 02 37
Humpback whale 0.6 0.2 0.3 36
Ziphiidae
Tasman beaked whale
Physeteridae
Sperm whale 0.05 01 06 01 005 02 4.4
Delphinidae
Killer whale 01 01 01 04 04 45
Short-finned pilot whale 03 03 01 01 02 43
Common dolphin 02 02 01 04 02 4.2

4.2 Seasonal differences and energetics

Mog of the large whdes found in the South Pecific during winter meke long
migraions to the Southern Oceen in the Audsrd summer to feed on krill and other
species of zooplankton. The main feeding period in the Southern Ocean lasts between
four to 9x months, dthough pregnant femades may spend even longer feeding in the
region. During that time, the daly intske of blue and fin whaes is ~ 4% of body

weight per day. However, for the remainder of the year these species corsume only

% Tamura, T., Fujise, Y and Shimazaki, K. (1998) Diet of minke whalesBalaenoptera acutorogratain
the north-western part of the North Pacific in summer, 1994 and 1995. Fisheries Science, 64, 71 — 76.
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one tenth of ther summer inteke. With the marked seesondity in food supply, daly
intake averaged over the year amounts to 1.2 — 1.6% of body weight per day.*”® This
pattern appears to be true dso for sd and humpback whales*® Southen rignt whaes
ds jouney south of 60°S in summer to fesd manly on krill (Euphausia superba),
while copepods (Calanus $p.) are the dominant prey north of this laitude® Stomach
fullness levels are greater than 60% over summer (January to March) with stomach
fulness fdling bdow 20% in December and April, supporting earlier accounts thet
right whaes fast when not in the feeding grounds.

Generdisations adbout the energetics of sperm whdes are more difficult, as
only the large mdes travd to Antarctic waters to feed in summer; femdes and young
do not travel past 45° S. Neverthdess the avalable data indicates that sperm whales

consume ~ 3% of their body weight per day.**

4.3 How much do they eat?

Many edimaes of food consumption by whdes are extrapolated from that of
other marine mammas. For example, Bax? edimated that whaes and seds are mgor
predators of ground and midwater fishes in the Bering Sea He reported that they
consume an edimated 10% of the commercid fish stocks annudly, compared with
5% by humans. Bax's study edimated that the amount of commercidly important fish

consumed by maine mammas was Smilar to or exceeded that teken by the

“TKawamura, A. (1994) A review of baleen whalefeeding in the Southern Ocean. Rep. Int. Whal.
Commn. 44, 261 —271.
8 Lockyer, C. (1984) Review of baleen whae (Mysticeti) reproduction and implications for
management. Rep. Int. Wha. Commn (Specia Issue 6) 27 —50.
“9|_ockyer, C. (1981) Estimates of growth and energy budget for the sperm whale, Physeter catadon.
In: Mammasin the Sea, 3, 489-504. FAO Fisheries Series (5) Rome, FAO.
% Tormosov, D. D., Mikhdliev, Y. A., Begt, P. B., Zemsky, V. A., Sekiguchi, K., Brownell, R. L.
(1998) Soviet catches of southern right whaes Eubalena audtralis, 1951 — 1971. Biologica dataand
g)nsavation implications. Biological Conservation 86, 185 — 197.

ibid.
%2 Bax, N. J. (1998) The significance and prediction of predation in marine fishes. ICES Journdl of
Marine Science 55, 997 - 1030
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commercid fishery in five sepaate areas South Georgia, Kerguden Idands, southern
Africa, northwed Atlantic and the Bering Sea It was not clear from that <Study,
however, what proportion was teken by whaes. More specific accounts are available.
In the Antarctic, whdes consume between 34 and 43 million tonnes of krill a yesr,53
95% of which is esimated to be eaten by minke whaes> Kanwisher and Ridgway®®
podulated that sperm whdes may consume more prey than the entire world fishery.
The later sudy, however, assumed high metabolic activity. A separate review of
maine mamma meabolic rates indicated tha many sudies — induding that of

Kanwisher and Ridgway — overestimated rates by as much as a factor of two. %

4.4 The importance of trophic niche and niche separation

Regardless of how much these animas edt, the issue a hand is whether large
whades are having a subgantid impact on other top predaiors such as commercid
fishers The greastest difficulty in predicting or assessng the impact of marine
mammas on fisheries is in deemining (firdly quditaivdy then quantitaivey) the
food webs associated with the “predators’ (whades and commercid fisheries). As
ealy as 1924 dudies demondrated that the complexity of predatory interactions
rapidy becomes ovewheming. Indeed, potentid interactions in even the Smplest
food chans make prediction highly uncertain. Neverthdess Trites et d. provided a
amplified trophic modd that described the various pahways leading to commercid

fisheries and maine mammads (Figure 2). They note the pathways leading to the “top

**Nicol, S. and Endo, Y. (1997) Krill fisheries of the world. FAO Fisheries Technical Paper. No. 37.
Rome, FAO. 100p.

> Armgtrong, A. J. and Siegfried, W. R. (1991) Consumption of Antarctic krill by minke whales.
Antarct. Sci. 3, 13— 18.

% Kanwisher, J W., Ridgway, S. H. (1983) The physiological ecology of whales and porpoises. ci.
Am. 248, 110 -120.

% Lavigne, D. M., Innes, S., Worthy, G. A. J,, Kovacs, K. M., Scmitz, O. J., Hickie, J. P. (1986)
Metaboalic rates of seals and whales. Can. J. Zool. 64, 279— 284.

5" Hardy (1924) - missing
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predaiors’ are quite separaie and join only a the lower trophic levels. This last point
is perhgps the mogt criticd, as it demondrates tha maine mammas and fisheries
usuadly occupy different trophic niches That is, the lower leve food webs that
support them are usudly quite different. For example, the blue whae feeds mainly on
zooplankton (mainly krill) in summer in the Southen Oceen, returning to warmer
northern weaters to breed. Tropicd tunas, on the other hand, feed in the oligotrophic
waters of the tropics. At times te groups overlgp in both space and time, but because

of their different feeding Srategies they rarely compete for the same food.
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4.5 Evidence of impacts

To be sure, there are circumstances under which the food webs of some
whades and commercid species overlgp and direct competition occurs. For example,

in the tropics besked whdes can feed on bigee tuna® Killer whaes “sted”

% Collette, B. B. and Nauen, C. E. (1983) FAO species catalogue. Vol. 2. Scombrids of theworld.
FAOQ Fish. Synop. (125), Val. 2. 137 pp.
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longline-caught tunas and hillfish off eastern Augtrdia™ In the Northern Hemisphere,
the die¢ of minke whdes from coastd Norwegian waters condss lagey of
commercid fish spedies induding cod, herring, cgpdin and pollock. As these fishes
were heavily exploited between 1970 and 1990 concern was raised whether incressed
numbers of minkes could disrupt the recovery of these species® Continued predation
by fin whdes on young herring, a pecies tha was ovefished in the 1960s and 1970s
in the North Sea, may have pushed the hering to extinction in the area® The
ovefishing of whdes in the Southern Ocean was once thought to have led to a
dramatic rise in crabester seds® However, in none of these cases has it been possible
to demondrate whether the remova or incresse of the whaes was the main cause of
the changesin the other populations.

There are more data avaldble for seds As seds generdly feed on figh, it
might be expected that determining the effect of their predaion would be rdativey
gmple However, even when predation may be equivdent to commercid catches,
there is Hill insufficient evidence to conclude tha this predation drives the changes in
the affected fish popul ations®

For example, the South African fur sed has been exploited for the past three
centuries® When the market for fur sed pelts collgpsed in 1983, it was feared that the
population would increase to the deriment of commercid fisheaies in the aea

However, these authors conclude “there is no sdentific bass upon which to predict

% Whitelaw, A. W. and Unnithan, V. K. (1998) Synopsis of the distribution, biology and fisheries of
the bigeye tuna (Thunnus obesus, Lowe) with abibliography. CSIRO Marine Labs. Rep. 228.

% Nordoy, E. S. and Blix, A. S. (1992) Diet of Minke whalesin the Northeastern Atlantic. Rep. Int.
Whd. Commn. 42, 393- 398.

61 Katona, S. and Whitehead, H. (1988) Are Cetacea ecologically important? Oceanogr. Mar. Biol.
Annu. Rev. 26, 553 — 568.

%2 Bonner, W. N. (1982) Seal's and man. Washington University Press. 170 pp.

% Beverton, R. J. H. (1985) Andlysis of marine mammal-fisheriesinteraction. In: Beddington, J. R.,
Beverton, R. J. H. and Lavigne, D. M. Marine mammals and fisheries. Allen & Unwin, London.

% Butterworth, D. S., Duffy, D. C., Best, P. B. and Bergh, M. O. (1988) On the scientific basis for
reducing the South African sedl population. S. Afr. J. Sci. 84, 179— 188.
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whether such reduction would have a pogtive or negative impact on sudaineble yieds
of commercd fish spedes, nor is such a prediction likdy to be possble in the
immediate future” Further, Punt and Butterworth®™ found that the effect of a sed cull
on the hake fishery would be minima and could “even be detrimentd.”

Population regulaion appears to only occur when the paticular diet is
specidised. Only in sStuations where there are few dternative food resources is there
evidence that seds reduced fish abundance.®® For example, gray whdes, which fesd
by sucking sediment into their mouths, dter the seebed to the extent that the tube mats
of smal crustaceans are destroyed and replaced by other scavenging invertebrates®’
In contrast, grey seds, which feed on a variety of mobile fish species, are unlikdy to
influence community dynamics because the mortdity they cause is generdly less then

that caused by fishing, and is not restricted to afew species.®

5. Other Natural Predators of Fish Stocks

Sedls, dolphins, predatory fish and sea birds dl consume prey that form pat of
commercid fish docks dthough fish generdly are consdered to take the grestest
share of the available food source. Bax®® reported that, in Sx widdy separated aress,
the ratio of consumption by fish to that taken by fishing ranged from 2.1 to as high as

35:1. Further, maine mammad consumption of prey, dthough higher then that of

% punt, A. E. and Butterworth, D. S. (1995) The effects of future consumption by the cape fur seal on
catches and catch rates of the Cape hakes. 4. Moddlling the biological interaction between cape fur
sedsArctocephal us pusilus pusiliusand the cape hakes Merluccius capenss and M. paradoxus S.
Afr. J. Mar. <ci. 16, 255— 285.

% Power, G. and Gregoire, J. (1978) Predation by freshwater seal's on the fish community of Lower
Sedl Lake, Quebec. J. Fish. Res. Bd. Can. 35, 844 — 50.

% Qliver, J. S., Sattery, P. N. (1985) Destruction and opportunity on the sea floor: effects of gray
whaefeeding . Ecology. 66, 1965 —1975.

% Harwood, Jand Croxall, J. P. (1988) The assessment of competition between seals and commercial
fisheriesin the North Seaand the Antarctic. Marine Mammal Science. 4, 13 — 33.

% Bax, N. J. (1991) A comparison of the fish biomass flow to fish, fisheries and mammals on six
marine ecosystems. | CES Marine Science Symposia, 193, 217 — 224.
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seabirds, was usudly smilar to that of fishing, and dways lower than predatory fish.
Smilaly, in the eestern Centrd Pecific Ocean the amount of fish eaten by predatory
fish is an order of magnitude higher then that by maine mammas™ There are
exceptions. As previoudy mentioned, whaes in the Antarctic consume between 34
and 43 million tonnes of krill per annum. Although this figure is less than thet esten
by seds (63 — 130 million tonnes) and squid (30 — 100), it is more than consumption
by fish (10 — 20) and sesbirds (15 — 20).”* However, the smaler impact of fish in
these waters may be the result of fewer species and the abundance of seds dominating

the southern ocean food chain than in more temperate and tropica waters.

6. Theimpact of fishing on whales

6.1 Whaling

In this century, whaers shifted therr focus the larger “right” and blue whdes
to the smdler fin, sa and minke whdes — solely because whaing was so efficient that
the stocks of the larger whales were nearly driven to extinction.”? Hunting of whdes
in Antarctic waters done during the twentieth century has probably reduced ther
biomass by a factor of ten.”® In fact, over two million whaes have been taken in this
century in the Southern Ocean done’™

The impact of whaing on whae populaions in the Southern Hemisphere was

0 great tha there is evidence of changes in some life-history characterigtics of these

" Christensen, V. (1996) Managing fisheriesinvolving predator and prey species. Rev. Fish Bial.
Fish.6, 1 — 26.

™ (Bonner 1982, Nicol and Endo 1997) Bonner, W. N. (1982) Seals and man. Washington University
Press. 170 pp.

"2 Gulland, J. A. (1988) The end of whaling? New Scientist. 20—October, 42 — 47.

" Katona, S. and Whitehead, H. (1988) Are Cetacea ecologically important? Oceanogr. Mar. Bial.
Annu. Rev. 26, 553 — 568.

" Clapham, P. J, Young, S. B., Brownell, R. L. (1999) Baleen whales: conservation issues and the
status of the most endangered populations. Mammal Rev. 29, 35- 60



whales. Notably, pregnancy raes incressed and the age of sexud maturity decreased,
paticulaly in the fin, s8 and minke whades In the minke whde this change was
more pronounced: mean age of sexud maturity decreesed from 12-13 years in the
1940's to 7-8 years by the early 1970s.” These changes were assumed to be the result
of increesad food availability brought about by the depletion of other baaenopterid
whdes, chiefly blue and humpback whaes in the Antarctic.”® Lockyer”” suggested
that these changes were the result of reduced intraspecific and interspecific
competition among the surviving whde species the docks of blue, humpback and
right whaes were depleted before fin, sai and minke whaes were exploited. Whether
the changes obsaved ae directly due to competition, however, is undear.”® During
the same period, populations of penguins and seds had dso increased (by a factor of
3), pahaps dso due to the dedine in the larger whaes™ suggeding that the

ecosystemn gap |eft by the harvested whaes was quickly filled.

6.2. Competition for primary production

It ssems on the avalable evidence that there is little direct competition for
food resources between large whaes (dolphins and sedls may need to be addressed
separatdy) and commercid fisheries. However, is there indirect competition between
commercid fishing and whdes for primary productivity, i.e, the rate a which organic

compounds are formed by photosynthess? The amount needed to sudan fishing

> Kato, H. (1987) Density dependent changesin growth parameters of the southern minke whale. Sci.
Rep. Whales Res. Ingt., 38, 47 —73.

" Lockyer, C. (1979) Changesin growth parameters associated with exploitation of Southern Fin and
Sai whades. Rep. Int. Whae. Commn. 29, 191.

" Lockyer, C. (1984) Review of baleen whale (Mysticeti) reproduction and implications for
management. Rep. Int. Wha. Commn (Specia Issue 6) 27 —50.

78 Clgpham, P. J. and Brownell, R. L. (1996) The potentia for interspecific competition in baleen
whaes. Rep. Int. Wha. Commn 46, 361 —367.

™ (Laws 1985, Kato 1987) Laws, R. M. (1985) The ecology of the Southern ocean. Am. Sci. 73, 26 —
40.
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worldwide in 1995 was 8% of that produced by global aguatic primary production.®
By ecosystem type this was as low as 2% for open ocean systems but as high as 35%
in upwdling ecosysems. The later figure compares very dosdy with the 35 — 40%
figure for terredtrid ecosysems. However, in teredrid sysems there ae
technologies avaldble for enhancing this productivity. Pauly and Chrigensen
concluded that current concerns for the sudtaindbility of fishing worldwide are
justified.

Agang this backdrop is the primary production required to sudain whdes.
FAO data on primary production in the Pecific Ocean showed a range of primary
productivity from 98 to 272 g C per n? (average ~135 g C per n?) 8 Of this the
amount needed to sugtain marine mammads fdl within a very narrow range -- 20 to 30
g C per n? -- in dl the aress quantified. However, this figure is dominated by seds
and dolphins wheles make up only a smal componet of this figure. Trites et d.%2
believe that the smilarity of these vaues worldwide suggests that marine mammas
ae fully exploiting available feeding niches such as the despsea scattering layer®
(which is not gengdly exploited by commercid fishing operations). In contrast, the
primary production needed to sudan the vaious fisheries worldwide is lower but
more vaiable (5 - 20 g C per m) depending on the resource being fished. One could
ague that as fisheries take up more and more of this primary production there could
be less for other top predators, induding whaes The converse argument would be
that increesng whde numbers could affect the avalable primary productivity for

fisheries. However, for ether pogtion to be redised there would firdly need to be

8 pauly, D. and Christensen, V. (1995). Primary production reguired to sustain global fisheries. Nature.

374,255 — 257.

8 Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine

gzwammasfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
ibid.

83 Defined as concentrations of plankton detectable by acoustics.
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direct overlap for food between these ‘top predators’ and secondly a relatively closed
ecosysem. As there is evidence for neither, competition for primary productivity is

unlikdly.

7. Environmental Effects

Underlying the debate of whether whaes are affecting commercid fisheries is
the influence of changes in physca oceanogrgphic  conditions on  ecosysem
dynamics. There ae many examples of interdecadd fluctuations in fish gocks,
paticulally those, such as anchovies, occurting @ lower trophic levels® These
massve changes are usudly linked to changed ocesnogrgphic conditions rather than
to predaory or competitive interactions® As evidence for such longtime-scae
vaiability accumulates it is likdy that this variability will be viewed as a normd
condition for marine ecosysems Bakun®® proposed thet the cydic nature of
environmenta inputs into marine ecosysems far outweighs changes brought about by
competition and predation. Recent data have suggested that changes in the longterm
diets of minke whaes in the North Pecific may be an example of their impact on prey
stocks®” However, a more likdy explanation is thet the minkes, as opportunistic
feeders,®® were exploiting the cydic naure of these prey stocks (both seasondly and

interannudly).

8 oeb, V. J and Rojas, O. (1988) Interannud variation of ichthyoplankton composition and
abundance relations off northern Chile, 1964 —83. Fish. Bull., U. S. 86, 1— 14.
% Bakun, A. (1998) Ocean triads and radical interdecadal variation: bane and boon to scientific
giemeries management. In : Reinventing fisheries management. (Ed. Pitcher, Hart and Pauly).
ibid.
8 Tamura, T., Fujise, Y and Shimazaki, K. (1998) Diet of minke whalesBalaenoptera acutorostratain
glge north-western part of the North Pacific in summer, 1994 and 1995. Fisheries Science, 64, 71 — 76.
ibid.
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8. The South Pacific Ocean

8.1 Pelagic fisheries

In the 1940s the annud take from Pecific Ocean fisheries was about 2 million
tons By the early 1990s, this figure had risen to 50 million tons, and was ether datic
or, in some aress, beginning to dedine as resources were optimized or overfished.®
Fisheries catch in the western centrd and southwest Pecific Oceans comprise a
reaivdy smdl component of this totd: about 35 million tons per anum.® In
contrat to many Pecific fisheries, however, pdagic fisheries catches have risen
makedly in recent times. For example, in the tuna fishery done caches have risen
from ~ hdf amillion tonsin the mid 1980s to ~2 million tonsin 1997.%*

Southern bluefin tuna, which is fished off New Zedand and as far north as 30°
S dong the esstern Audrdian coadlline is depleted. However, further expanson in the
ydlowfin, abacore and skipjack fisheries is possble (and likely). The annud catch of
ydlowfin tuna in 1997 was 394,000 metric tons® Hampton®™ forecast that an annud
cach rae of 600000 — 800000 meric tons (mt) of ydlowfin “could be
accommodated.” Similarly, the annud landing of skipjack could rise from the present
levd of 1 million mt to as much a 2 million mt. There is concern, however, that
caches of bigeye, which have risen sharply in recent years to ~ 100,000 tons may be

unsustainable ® The reason for this uncertainty is that as much as 50,000 t of juvenile

® Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine
mammalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
% Northbridge, S. P. (1984) World review of interactions between marine mammals and fisheries. FAO
Fish Tech Pap. 251: 190 pp.

° Anonymous (1998) Report of the eleventh meeting of the standing committee on tuna and billfish.
Hawaii, U.SA.

ibid.

% Hampton, J. (1993) Status of tuna stocks in the SPC area: asummary report for 1993. Sixth Standing
Committee on tunaand hillfish. Working paper 3. 51 pp.

% Anonymous (1998) Report of the eleventh meeting of the standing committee on tuna.and billfish.
Hawaii, U.SA.
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bigeye may be caught annudly by the ydlowfin purse sene fishey but not identified

assuch.®

8.2 Diets of tunas

The diets of temperate and tropicd tunas have been dudied extensvey. All
consume a mixture of epipdagic fish, squid and crustacea, mainly in the upper 200 m,
dthough feeding on mesopeagic fishes a grester depths has adso been reported. %
However, most prey eaten ae generdly found in the upper 200 m of the waer
codum.®” Komilova® suggested thet yellowfin and bigeye tuna were separated by
their veticad pogtion in the water column, reflected in subtle shifts in the types of

prey egten by the two species.

8.3 Competition between tunas and whales

In the Padific Ocean, Trites & d.% edimaed tha marine mammas consumed
~150 million tons of prey eech year, three times the amount taken by fishing. They
edimated that haf of this amount was eaten by sperm whdes. However, this was 4ill
wdl beow the leve teken by other predatory fish. For example, Olson and Boggs'®
edimated that yelowfin tuna in the esstern Pacific Ocean done consumed between

43 and 65 million meric tons of prey. In goproximady the same aea totd

% (R. Campbell, CSIRO Marine Laboratories, pers. comm.).

% McPherson, G. R. (1991) A possible mechanism for the aggregation of yellowfin and bigeyetunain
the northwestern Coral Sea Qld Dept. Prim. Ind. Information series Q191013. 11 pp.

% Olson, R.J. & C.H. Boggs. 1986. Apex predation by yellowfin tuna (Thunnus albacares):
Independent estimates from gastric evacuation and stomach contents, bioenergetics and cesum
concentrations. Can. J. Fish. Aquat. Sci. 43: 1760-1775; Young, J. W., Lamb, T. D., Le, D., Bradford,
R., Whitelaw, A. W. (1997) Feeding ecology and interannud variationsin diet of southern bluefin tuna,
Thunnus maccoyii, in relation to coastal and oceanic weters off eastern Tasmania, Audrdia
Environmentd Biology of Fishes 50(3): 275-291.

% Kornilova, G. N. (1980) Feeding of yellowfin tunaThunnus albacares, and bigeye tuna Thunnus
obesus in the equatoria zone of the Indian Ocean. J. Ichthyal. 20 (6), 111-119.

% Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine
mammalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
1% 01s0n, R.J. & C.H. Boggs. 1986. Apex predation by yellowfin tuna (Thunnus albacares):
Independent estimates from gastric evacuation and stomach contents, bioenergetics and cesum
concentrations. Can. J. Fish. Aquat. Sci. 43: 1760-1775.
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consumption by marine mamméls has been estimated a ~ 25 million tons™ Of this,
whdes reportedly consumed ~ 35 %, which is a dmilar amount to the ydlowfin but
far lessthan the entire fish stock.

Regadless of the dboove figures, there ae some fundamenta differences
between tunas and whdes that make dgnificant competition for food unlikey for dl

but afew species.

Firgd, mog of the large whae species that frequent the South Pedfic (manly in
winter) are there to conceive their young.’® This may be because newborns have
limited thermoregulatory &bility, or dternatively, because newborns would be
vulnerable to predation by killer whales that summer in Antarctic waters® Most
observetions indicae that the man feeding aea for many of these whdes,
paticularly blue, fin, s, minke and humpbacks, isin the Southern Ocean.

Second, it is the nature of the predation that is important — differences between
sze of fish taken by fisheries and fish predation indicate quite different impacts
on mortdity. Pauly and Christensen'® egimated 25 to 35% of primary production
was necessary to account for the recorded catches and discards. However, the
same dda indicated that the biomass consumed by fish is between 3 to 25 times
gregter than to the commercid catch. This incongruous rddionship is possble
only because naturd predation removes more prey from lower trophic levels than

fishing does. They conduded that trophic postion and life-history stage are as

1% Trites, A. W., Christensen, V. and Paully, D. (1997) Competition between fisheries and marine
mammalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
1921 ockyer, C. (1984) Review of baleen whale (Mysticeti) reproduction and implications for
management. Rep. Int. Wha. Commn (Specia Issue 6) 27 —50; Kasamatsu, F., Nishiwaki, S.,
Ishikawa, H. (1995) Breeding areas and southbound migrations of southern minke whales. Marine—
Ecology Progress Series 119, 1-10.

193 Cockeron and Connor 1999
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important as species in describing the effects of predetion in marine sysems. One
sudy'® egimated that of the prey/caich by marine mammas and fisheries in the
Pecific Ocean, only 35% overlapped, and most of that overlgp was from dalphins
and seds. Although the large whae species have a variety of prey preferences,
much of these preferences were different from those of, for example, the different
tuna species. Specificdly, sperm whaes feed predominantly a depths beow thet
of the tunas usudly proximate to the degp scatering layer. There they feed
mainly on mesopdagic fishes and cephdopods That sperm whaes dso feed on
large, desp oceen cephdopods induding the giant Architeuthis spp.  (which,
because of its deep sea didribution, is only rarely recorded otherwise) underlines
ther close rdationship not with surface waters but with the degp oceen. In
contragt, ydlowfin tuna one of the ubiquitous tropicd tunes, eats manly

epipdagic gecies’® such as other scombrids (eg. frigate tunas, Auxis spp.) and

smdler cephaopods usudly associated with the thermocine.

8.4 Interactions with fisheries

Theinteractions of marine mammas and fishing operations are an increesing
problem worldwide, but investigations have mainly focused on sedls and dolphins®
Recently, however, there have been reports of increasing numbers of killer and pilot
whale interactions with the developing longline fisheries in the South Pecific and

Indian Oceans. For example, in the developing domedic longline fishery off eastern

1% payly, D. and Christensen, V. (1995). Primary production required to sustain global fisheries.
Nature. 374, 255 —257.

1% Trites, A. W., Christensen, V. and Paully, D. (1997) Competition between fisheries and marine
mammals for prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
1% Olson, R.J. & C.H. Boggs. 1986. Apex predation by yellowfin tuna (Thunnus albacares):
Independent estimates from gastric evacuation and stomach contents, bioenergetics and cesum
concentrations. Can. J. Fish. Aquat. Sci. 43: 1760-1775; j. Young, pers. observ.)

97 bawson, S. M., Read, A., Slooten, S. (1998) Pingers, porpoises and power: uncertaintieswith using
pingersto reduce bycatch of small cetaceans. Biological Conservation. 84, 141— 146.
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Audrdialongliners are reporting that some of their catches are stripped from the

hooks by killer whales™® However, dthough this may be aproblem in some

ingdances, shark bites on hooked fish are afar more important factor affecting the

vaue of the catch. There is no evidence of any interactions between the larger whaes

(i.e. yoerm whales and the larger baleen species) and the longlines off eastern

Audrdia

9. The Three Statements Reviewed

Satement 1.

Granting excessive protection to a particular element of the marine ecosystem will
lead to disruption of the biological balance in the same manner as excessive
harvesting.

The complexity surrounding trophic interactions mekes predicting outcomes
for even the smplest trophic web very difficult, and has only been demondrated for
amplified freshwater systems. Modds of multispecies interactions have shown thet
expected outcomes are rardy met. This is because each trophic levd is affected by a
mix of competition, precition and environment, the importance of each varying with
the species concerned. Beverton'® concluded that, even when food chains were
dependent on a two-sage linkage, the outcomes were unpredictable. Mogt food chains
ae far more complex. Although the rdaionship between seds and man has been
modelled extensively, rady can resarchers agree tha seds have a measurable
impact on a competing fishery. As it is rdaivedy esder to gather the necessary
population data for such modds from seds than for whdes, the task of predicting

outcomes for the latter becomes even harder.  Implicit in Statement 1 is the notion that

198 A coustic darms trialed in the Northern Hemi sphere show promisein reducing dol phin bycatch.

Although not tested as yet on longlines, these might be developed as deterrents for larger cetaceans
such askiller whales.
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predation or competition drives ecosysem dability. However, as Bax (in press) noted
“there is unlikey to be a sngle mechaniam, rather a suite of factors affecting different
life higory dages (whose) effects ae enhanced or diminished by environmentd

vaiability.”

Satement 2.

Cetaceans consume 500 million tons of marine living resources worldwide. Do they
have an effect on fish or are they in competition with humans?

Assuming that the figure of 500 million tons is accurate then whde
consumption represents less than 5% of annua secondary production, while humans
eat about 1%M° On that bass, the consumption by whaes and humans fal within the
same order of magnitude. However, the figure of 500 million tons is likdy to be an
overedimate. For example, to arive & tha figure a daly intske of 35% of body
weight for baeen whaes was used. Using the logic presented by Lockye™ the figure
islikely to be haf that.

Regardiess of the accuracy of those figures, however, the red question is how
dose trophicdly the prey esten by the whaes is to commercid fishing. Trites et d.12
edtimated that the digtary overlap between marine nammads and fishes of commercid
importance was only 35%, and even then much of the overlap occurred between seds
and dolphins and the fisheries For the large bdeen whdes there gppears to be little

evidence of overlgp with commercid fisheries within the South Pecific Ocean.

1% Baverton, R. J. H. (1985) Analysis of marine mamma -fisheriesinteraction. In: Beddington, J. R.,
Beverton, R. J. H. and Lavigne, D. M. Marine mammals and fisheries. Allen & Unwin, London.

10 Ryther, J. R. (1986) Photosynthesis and fish production in the sea. In: Readingsin marine ecology
(Ed. d R. Nybakken).

1) ockyer, C. (1984) Review of baleen whale (Mysticeti) reproduction and implications for
management. Rep. Int. Wha. Commn (Specid Issue 6) 27 —50.

"2 Trites, A. W., Christensen, V. and Pauly, D. (1997) Competition between fisheries and marine
mammalsfor prey and primary production in the Pacific Ocean. J. Northw. Atl. Fish. Sci. 22, 173-187.
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Satement 3.

Increase in the number of whales in the Pacific will lead to a reduction in the number

of fish (i.e. tuna).

There is evidence that the numbers of some species of whaes are increasing,
dthough they ae nowhere near their pre-exploitation levds. However, have they
increesed to the levd where they are competing with commercid fisheries in the
Pecific? Teking the example of tropicd tuna which appear to be ther dosest
competitors, there gopears to be no direct evidence from the literature that
competition is occurring. There are a number of reasons for this With the exception
of southern bluefin tuna, tunas feed largely in subtropicd and tropica waters above
the thermodline (dthough they can feed deeper) on a mix of fish, squid and crustacea.
In contradt, the large whdes make prolonged excursons to the Southern Ocean to
feed manly on Antarctic krill, copepods and cephdopods. Those that do not migrate
have different feeding drategies that make competition unlikdy. For example, femde
and young soem whdes ae potentid competitors of tuna, as unlike mde sperm
whdes they do not meke the journey south. However, the avaladle literature
indicates they consume a much greater depths than tuna and appear to ea manly
cephdopods. The large badeen whdes, with the exception of Brydes whae, spend the
winter months in the tropics, but travel to the Antarctic to feed for the bulk of their
annud energy intake. Brydes whde, which is a tropica resdent, feeds manly on
krill. It could be argued that the large migraing whaes are actudly trandferring stored
energy (as blubber) from the Southern Ocean to the tropics. Further, whaes feeding at

depth and defecating in the euphotic zone may hep replenish nutrients above the



thermodine™ If anything, it is overfising on some spedies of tuna (eg. bigeye
tung), which is potentidly a more immediate threst to sudtaining populations of tuna

in the tropics

10. Conclusion

Before indudridised fishing began, the maine ewironment, with dl its
components, would have evolved to a dteady date (fluctuating environmental factors
permitting). Therefore, in the past, when whde populations were far larger, there was
obvioudy enough fish and plankton to sudan them, and enough left over to support
the huge globd fish docks that have been exploited by moden day fisheries. The
patid recovery of some whde populaions over the past 30 years canot begin to
explan the decine in fisheries worldwide. A recent review o the ecologicd
importance of cetaceans™ concluded that it was as yet unclear whether cetaceans
have a “podtive or negative effect on fisheries’, but that there is “no concrete
evidence for cetaceans harming fisheries” The avalable literature widdy supports
this perspective. However, the grestes hindrance to developing the argument further
is lack of agppropriste data, epecidly abundance and trophic data In fact, given the
avalable data, it is just as plausble that increesing the abundance of cetaceans has a
pogtive effect on fisheries through the former preying on squid, a mgor predator of

juvenilefish.
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Am. 248, 110 -120.

1 K atona, S. and Whitehead, H. (1988) Are Cetacea ecologically important? Oceanogr. Mar. Biol.
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11. Future Research

Recent dudies have made some important seps in reviewing the avalable
data and developing modds to examine the potertid impacts of the large whaes in
different ecosystems worldwide. However, the accuracy of any mode depends on
gopropriate data Unfortunatdly, data for the South Pecific Ocean is lacking for many
cetacean gpecies. Abundance estimates are, as Table 1 shows, nowhere near complete.
A coordinsted series of dghting surveys, paticularly in the tropicd South Pecific
Ocean, could hep fill some of these ggps Further, data of feeding interections for a
number of whde species are lacking, paticulaly for the area of the South Pacific.
Findly, for meaningful debate on whether whaes are dfecting the South Pecific
ecosystemn, ecosystem modds specific to this region need to be developed. At present,
many of the arguments that are raised are based on data and modds developed for

other regions, particularly in the Northern Hemisphere.
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