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Abstract

The degree of competit ion between fisheries and marine mammals in the Pacific Ocean 
was est im ated  for 7 s ta tistical areas defined by the Food and A griculture  O rganization  of 
the U nited  N ations (FAO). Catch sta tistics com piled  from FAO sources show  that the 
am ount o f  fish caught in the Pacif ic  O cean rose from 2 m ill ion  tons in the la te-1940s to 
over 50 mill ion  tons in the early-1990s. Recent s tagnation  and declines occurr ing in some 
areas of the Pacif ic  suggest that Pacif ic  f isheries cannot continue to expand as they had 
previously.

Based on estim ates  o f  popula t ion  size, total b iom ass and daily  consum ption  rates, it 
was est im ated  that the 84 species o f  marine m am m als inhabiting  the Pacif ic  Ocean c o n ­
sume about three times as much food as humans harvest. A large fraction  (>60%) of the 
food caught by marine mam m als consis ted  o f  deep sea squids and very  small deep sea 
fishes not harves table  by humans, thus l im iting  the extent o f  d irect com petit ion  between 
fisheries and marine m am m als.  M oreover, the m ost im portan t consum ers o f  com m ercially  
exp lo i ted  fish are other predatory  fish, not marine mam mals.

A lthough  direct com petit ion  betw een f isheries  and marine mam m als for prey appears 
rather limited, there may be considerable  ind irec t  com petit ion  for prim ary  production.
The primary product ion  required  to sustain  marine mam m als in each o f  the 7 FAO areas 
varies w ith in  a narrow  range, sugges ting  that the d iversity  and abundance  of marine m am ­
mals may have slow ly  evolved  to fu lly  explo i t  their niche and m axim ize their use of av a i l­
able prim ary  production . This contrasts  w ith  the rapid expansion  of f isheries and their 
re la tive ly  recent dependence  on prim ary  production , w hich  may have led to w hat we call 
'food web competit ion '.
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Introduction

The Pacific Ocean ranges from the high Arctic 
in the north to the Antarct ic continent  in the south, 
and is the largest  o f  the wor ld ' s oceans with a sur­
face area of  nearly 180 mill ion k m 2. It is rather 
homogeneous biogeographically,  consisting largely 
of  a central plate with a distinct and diverse load 
of  co-evolved organisms and ecosystems.  Eighty- 
four species of  whales,  dolphins,  porpoises,  seals 
and sea lions, totally over 20 mill ion individuals,

inhabi t  the Paci fic  Ocean -  whi le over a bil l ion 
people line its r im and draw upon its resources.

This study briefly explores the use and deve l­
opment  of  fishery resources in the Pacific Rim, and 
their relationship to marine mammals of  the Pacific. 
The objective is to compare the fisheries catches 
of  the early-1990s to the amount  of  food consumed 
by marine mammals ,  and to estimate the fraction 
of  the primary product ion required to sustain the 
food web upon which  the fisheries and the marine
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mammals  depend. An at tempt is also made to as­
sess the extent  o f  compet it ion by est imat ing the 
overlap between marine mammal  diets and fishery 
catches, and conclude with some implications of  our 
findings for f isheries management  and research.

Methods

C atch

The Food and Agriculture Organizat ion of  the 
United Nations (FAO) divided the world into 88 sta­
t istical  regions,  o f  which  7 are contained in the 
Pacific Ocean (Fig. 1, Table 1). The amounts of  fish 
caught in each of  these 7 regions over the period 
1948 to 1992 were taken from the FAO FISHSTAT 
Database and from the FAO yearbook (FAO, 1994). 
Catches were compi led by FAO 'commodi ty'  group 
(i.e. set o f  species with similar life history such as 
' a n a d r o m o u s  f i s h es ' ,  or hab i t s  su ch  as ' sma l l  
pe lagics ' ) .

C onsum ption

Amounts of  prey caught and consumed each day 
by marine mammals  were est imated from

Q¡ I  V  , , (1)
S

where  N¡ s is the number of  individuals  (all age 
classes) by sex s o f  species i in the Pacific Ocean; 
W¡ s is the mean individual  weight  by sex and spe ­
cies; and R¡ s is the daily rat ion for an individual 
o f  weight  W¡ s.

Estimates of  total  populat ion sizes (Af p a n d  
their distribution within the seven FAO areas are 
documented in Table 2. The proport ion of  marine 
mammals residing within the Pacific were estimated 
from distribution maps drawn by Reijnders et al. 
(1993) and Jefferson et al. (1993). Populat ion est i­
mates were largely drawn from Nor thr idge (1984), 
Reijnders et al. (1993) and Jef ferson et al. (1993) 
and appear to be reasonably accurate for pinnipeds,  
the great  whales and some species of  dolphins,  but 
represent  little more than educated 'order-of-mag- 
nitude'  guesses for mid-sized cetaceans such as the 
beaked whales.  When presented with 'order-of-mag- 
nitude'  est imates (e.g. '00 000s),  we conservat ively 
chose a value that corresponds roughly to the g eo ­
metric mean (i.e. 300 000) from the range of  pos­
sible values (i.e. 100 000 to 1 000 000). We assumed 
the proport ion of  females in the total populat ion to

be 0.5 for all species,  except  for sea l ions and fur 
seals,  for which  a value of  0.6 was used (Trites and 
Pauly, 1997).

Sex specific mean weights (W¡ s) for 13 species 
of  pinnipeds and 17 species of  cetaceans were cal­
culated from the product  of  average weight-at-age 
(determined from published growth curves) and the 
relat ive numbers alive (predicted from life history 
tables scaled by longevity,  as described in Barlow 
and Boveng,  1991). This resulted in biomass-at-age 
curves (Trites and Pauly, 1997). Individual  weights 
be low which 50% of  the cumulat ive biomass oc­
curred were defined as W¡ s. Mean weights of  spe ­
cies with unknown growth curves were estimated 
f r o m  m e a s u r e s  o f  m a x i m u m  b o d y  l e n g t h  
(L¡ s) according to the relation

=  (2)

The functional  relat ionship was derived for species 
i and sex s with known growth curves,  and was  es­
t imated  sepa ra te ly  for p inn ip eds  and ce taceans  
(Trites and Pauly, 1997).

An individual 's daily consumption or ration (kg 
per day) was est imated for each species using

o.nr;;: (3)

where W¡ s is the mean body weight  in kg, 0.8 is 
from Equat ion 23 in Innés et al. (1987),  and 0.1 is 
a downward adjusted value (from 0.123 in Innés et 
al. 1987) to account  for the difference be tween in­
gest ion for growth and ingest ion for maintenance.  
Est imates  of  daily rat ion from Equat ion 3 range 
from 1.1% of  body weight  per day in a 50 000 kg 
baleen whale (i.e. 574 kg per d ay) , to 4.5% o f b o d y  
weight  per day in a small  50 kg dolphin (2.3 kg per 
day), and are compatible with present  knowledge 
of  the biology of  large and small  marine mammals  
(Bonner 1989).

The composi tion of  the diet for each of  the 84 
species of  marine mammals  was derived from pub­
lished accounts of  stomach contents, as well  as from 
morphological ,  behavioural  and other information 
(Klinowska,  1991; Pauly et al., 1997). Diet com­
posit ion was grouped by 8 types of  food: benthic 
invertebrates,  large Zooplankton, small squids, large 
squids,  small  pelagic fishes,  mesopelagic fishes, 
m i s c e l l a n e o u s  f i s h e s  and  h i g h e r  v e r t e b r a t e s  
(Table 3).
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Fig. 1. Time series o f  Pacif ic  ocean f isheries  catches (tons x l O 6) by FAO area for the period  1948 to 1992. Note the 
s tagnation or decline o f  catches in recent years. The projec tion  (Peters 1983) allows d irect com parisons of 
surface and shelve areas (shaded) from w hich  the overw helm ing  bulk o f  the f isheries catches originate.

P rim ary production  a global  analysis by Longhurst  et al. (1995),  who
The total amount  of primary production in each divided the world's  oceans into 56 'provinces' ,  and

of the seven FAO Pacific regions was derived from estimated primary production for each from satellite
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TABLE 1. Key features o f  the seven areas used by FAO to report f isheries  sta tistics, w ith  1992 catches (FAO 1994). 
Percen tage  estim ates  o f  she l f  areas are approximate .

FAO
area

Region 
of the Pacif ic Fati tude

Area 
(km2 X IO3) 
and % shelf

Catch 
in 1992 

(ton X IO3)
B y-ca tcha 

(% of  catch)

Primary  
product ion  

(g C per m 2)

61 Northw est 65° N -1 5 °N 20 476 (4.7) 24 199 39.8 215
67 N ortheas t 6 5 °N -4 0°N 7 503 (12.9) 3 148 28.2 272
71 Western Central 15°N -25°S 33 233 (13.9) 7 710 43.0 128
77 Eastern  Central 4 0 °N -5°N 48 899 (0.9) 1 342 49.9 98
81 Southw est 3 0°S -5 0°S 28 375 (4.7) 1 114 29.7 118
87 Southeas t 5°N -60°S 30 016 (1.3) 13 899 18.5 120
88 A ntarctic 6 0°N -(75°S ) 10 386 (21.7) b «  I e 29.5 147

All Total Pacif ic  Ocean 65°N -(75°S) 178 888 (6.1) 51 412 33.9 135

a A dap ted  f rom  A lverson  e t al. (1994). 
b A pp ro x im a te  value.
c C o n s is t ing  o f  50 tons o f  kri ll  (E uphausia  superba) c augh t  f rom  1 Ju ly  1991 to 30 Ju n e  1992.

TABFE 2. Global and Pacif ic  popula t ion  estim ates  for the 84 species o f  marine mam m als inhabiting  the Pacif ic  
O cean during  the 1980s and early 1990s. The propor tions of anim als w ith in  the Pacif ic  and w ith in  each of 
the 7 Pacif ic  FAO areas were est im ated  from range maps d isplaying the d is tr ibu tion  of each species. 
Popula t ion  estim ates  were largely  drawn from N orthridge  (1984), Reijnders et al. (1993) and Je ffe rson  et 
al. (1993). Order o f  m agnitude estim ates  are ind ica ted  by an apostrophe (e.g. '000).

Proportion Propor tion  of Pacif ic  popula t ion  in each FAO area
JJJCLldS
com m on names popula t ion

111
Pacif ic

1 dLlllL
popula t ion 61 67 71 77 81 87 88

B alaen idae
N orthern  right whale 3 155 0.13 410 0.40 0.40 - 0.10 - - -
Southern  right whale 2 900 0.10 290 - - - - 0.60 0.40 -
B owhead whale 4 000 0.10 400 0.80 0.20 - - - - -
Pygm y right whale 3 000 0.55 1 650 - - - - 0.60 0.40 -

E sch rich tid ae

G ray whale 21 113 1.00 21 113 0.40 0.50 - 0.10 - - -
B alaen op terid ae

Fin whale 115 500 0.39 45 045 0.11 0.04 0.19 0.27 0.16 0.17 0.06
Blue whale 14 000 0.34 4 760 0.11 0.04 0.19 0.27 0.16 0.17 0.06
M inke whale 860 000 0.14 120 400 0.11 0.04 0.19 0.27 0.16 0.17 0.06
Sei whale 39 000 0.45 17 550 0.11 0.04 0.19 0.27 0.16 0.17 0.06
B ryde 's  whale 112 000 0.86 96 320 0.10 - 0.20 0.35 0.15 0.20 -
H um pback  whale 22 000 0.25 5 500 0.11 0.04 0.19 0.27 0.16 0.17 0.06

Z iph iidae

Tasman beaked whale '000 0.90 2 700 - - - - 0.50 0.50 -
A rnoux 's  beaked whale '0 000 0.34 10 200 - - - - 0.50 0.25 0.25
Baird 's beaked  whale '0 000 1.00 30 000 0.50 0.30 - 0.20 - - -
F ongm an 's  beaked whale '000 0.50 1 500 - - 1.00 - - - -
B la in v i l le i  beaked whale '000 0.55 1 650 0.15 - 0.20 0.35 0.10 0.20 -
S tra p - to o th e d  whale '000 0.34 1 020 - - - - 0.60 0.40 -
H ector 's  beaked whale '000 0.80 2 400 - - - 0.10 0.70 0.20 -
Gray's beaked whale '000 0.40 1 200 - - - - 0.60 0.40 -
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TABLE 2. (Continued). Global and Pacif ic  popula t ion  estim ates for the 84 species o f  marine mam m als inhabiting  
the Pacif ic  Ocean during  the 1980s and early 1990s. The proportions of anim als w ith in  the Pacif ic  and 
w ith in  each o f  the 7 Pacif ic  FAO areas were est im ated  from range maps d isplaying the d is tr ibu tion  of 
each species. Popula t ion  estim ates w ere largely draw n from N orthridge  (1984), R eijnders  et al. (1993) 
and Jeffe rson  et al. (1993). Order o f  m agnitude estim ates  are ind ica ted  by an apostrophe (e.g. '000).

Propor tion  Propor tion  of Pacif ic  popula t ion  in each FAO area
Species World in Pacif ic
com m on names popula t ion  Pacif ic  popula t ion  61 67 71 77 81 87 88

Z ip h iid ae (continued)

Ste jneger 's  beaked whale '000 1.00 3 000 0.40 0.50 - 0.10 - -
A ndrews ' beaked whale '000 0.50 1 500 - - - - 1.00 -
G in k g o - to o th ed  beaked  whale '000 0.95 2 850 0.10 - 0.30 0.45 0.05 0.10
Flubb's beaked  whale '000 1.00 3 000 0.05 0.40 - 0.55 - -
Pygm y beaked whale '000 1.00 3 000 - - - 0.10 - 0.90
Cuvier 's  beaked  whale '0 000 0.55 16 500 0.15 0.10 0.15 0.25 0.15 0.20
Southern  bo tt lenose  whale '0 000 0.34 10 200 - - - - 0.50 0.25 0.25

P hyseterid ae

Sperm  whale 1 900 000 0.62 1 178 000 0.11 0.04 0.19 0.27 0.16 0.17 0.06
Pygm y sperm whale '0 000 0.55 16500 0.10 0.05 0.20 0.30 0.15 0.20
D w arf  sperm whale '0 000 0.55 16500 0.15 0.05 0.20 0.35 0.10 0.15

M onodontidae

White whale 60 000 0.24 14 400 0.70 0.30 - - - - -

elp h in id ae

R o ug h -to o th e d  dolphin '0 000 0.60 18 000 0.10 0.05 0.25 0.40 0.05 0.15 -
In do -P ac .  hum pbacked  dolphini '0 000 0.30 9 000 0.10 - 0.85 - 0.05 - -
Irraw addy dolphin '0 000 0.75 22 500 - - 1.00 - - - -
M e lo n -h ead ed  whale '0 000 0.50 15 000 0.20 - 0.30 0.30 0.05 0.15 -
Pygm y kil ler  whale '0 000 0.50 15 000 0.15 - 0.25 0.40 0.05 0.15 -
False k il ler  whale '00 000 0.50 150 000 0.10 0.05 0.20 0.35 0.10 0.20 -
K iller  whale 80 000 0.32 25 600 0.11 0.04 0.19 0.27 0.16 0.17 0.06
S h o r t - f in n e d  pilot whale '00 000 0.60 180 000 0.15 0.05 0.20 0.35 0.10 0.15 -
D usky dolphin '00 000 0.65 195 000 - - - - 0.50 0.50 -
Flourglass dolphin '00 000 0.34 102 000 - - - - 0.50 0.30 0.20
P ea le ’s dolphin '0 000 0.30 9 000 - - - - - 1.00 -
Pacif ic  w h i te - s id e d  dolphin 100 000 1.00 100 000 0.45 0.40 0.15 - - -
Fraser 's  dolphin '0 000 0.40 12 000 0.10 - 0.35 0.30 0.05 0.20 -
B ottlenose dolphin '000 000 0.80 2 400 000 0.15 - 0.35 0.30 0.05 0.15 -
Risso 's  dolphin '00 000 0.60 180 000 0.15 0.05 0.20 0.25 0.15 0.20 -
S pinner  dolphin '000 000 0.55 1 650 000 0.15 - 0.25 0.40 0.05 0.15 -
Str iped dolphin '000 000 0.55 1 650 000 0.15 0.05 0.20 0.35 0.10 0.15 -
Pantrop ical  spotted  do lphin  1 000 000 0.96 960 000 0.15 - 0.25 0.40 0.05 0.15 -
C om m on dolphin '000 000 0.55 1 650 000 0.10 0.05 0.20 0.30 0.15 0.20 -
Southern  right w hale  dolphin '00 000 0.34 102 000 - - - - 0.60 0.35 0.05
N orthern  right w hale  dolphin '00 000 1.00 300 000 0.45 0.35 - 0.20 - - -
Elector's dolphin 5 500 1.00 5 500 - - - - 1.00 - -
Phocoenidae

Flarbour porpoise '000 000 0.34 1 020 000 0.45 0.50 - 0.05 - - -
Vaquita 250 1.00 250 - - - 1.00 - - -
B urm eister 's  porpoise '00 000 0.60 180 000 - - - - 1.00 -
S pectac led  porpoise '000 0.25 750 - - - - 0.70 0.30 -
Dali's porpoise  1 150 000 1.00 1 150 000 0.50 0.40 - 0.10 - - -
Finless porpoise '00 000 0.30 90 000 0.30 - 0.70 - - - -
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TABLE 2. (Continued). Global and Pacif ic  popula t ion  estim ates for the 84 species o f  marine mam m als inhabiting  
the Pacif ic  O cean during the 1980s and early-1990s. The propor tions o f  anim als w ith in  the Pacif ic  and 
w ith in  each o f  the 7 Pacif ic  FAO areas were est im ated  from range maps d isp lay ing  the d is tr ibu tion  of 
each species. Popula t ion  estim ates w ere largely draw n from N orthridge  (1984), Reijnders et al. (1993) 
and Jeffe rson  et al. (1993). Order of magnitude  estim ates  are ind icated  by an apostrophe (e.g. '000).

Species
com m on names

Proportion  
World in Pacif ic  

popula t ion  Pacif ic  popula t ion

Propor tion  of Pacif ic  populat:ion in each FAO area

61 67 71 77 81 87 88

O tariidae

Ste l ler  sea lion 110 000 1.00 110 000 0.35 0.60 0.05 - - -
California  sea lion 175 000 1.00 175 000 - 0.20 0.75 - 0.05 -
South  A m erican  sea lion 230 000 0.50 115 000 - - - - 1.00 -
H ooker 's  sea lion 12 000 1.00 12 000 - - - 1.00 - -
N orthern  fur seal 1 200 000 1.00 1 200 000 0.40 0.55 0.05 - - -
G uadalupe fur seal 6 000 1.00 6 000 - - 1.00 - - -
Juan  Fernandez fur seal 12 000 1.00 12 000 - - - - 1.00 -
G alapagos fur seal 40 000 1.00 40 000 - - - - 1.00 -
South  A m erican  fur seal 595 000 0.55 327 250 - - - 1.00 1.00 -
A ustra lian  fur seal 40 000 0.15 6 000 - - - 1.00 - -
N ew  Zealand fur seal 67 000 0.60 40 200 - - - - - -

O dobenidae

Walrus 230 000 0.80 184000 0.4 0.60 - - - -
P hocidae

H arbour seal 368 000 0.60 220 800 0.30 0.50 0.20 - - -
Farga seal 230 000 1.00 230 000 0.75 0.25 - - - -
Ringed seal 6 500 000 0.15 975 000 0.70 0.30 - - - -
Ribbon seal 216 000 1.00 216 000 0.70 0.30 - - - -
Bearded seal 800 000 0.50 400 000 0.65 0.35 - - - -
H aw aiian  m onk seal 1 500 1.00 1 500 0.10 - 0.90 - - -
Southern  e lephant seal 750 000 0.05 37 500 - - - 0.45 0.25 0.30
N orthern  e lephant seal 125 000 1.00 125 000 0.15 0.75 0.20 - - -
Crabeater seal 11 900 000 0.11 1 309 000 - - - 0.25 0.15 0.60
Ross seal 130 000 0.50 65 000 - - - 0.20 0.10 0.70
Feopard  seal 300 000 0.33 99 000 - - - 0.25 0.15 0.60
Weddell seal 750 000 0.33 247 500 - - - 0.30 0.20 0.50

M ustelidae

Sea otter 150 000 1.00 150 000 0.40 0.50 0.10 - - -
M arine otter 10 000 1.00 10 000 - - - - 1.00 -

and field measurements.  We superimposed these 29 
provinces of  the Pacific Ocean onto the seven FAO 
areas in the Paci fic Ocean to compute weighted 
mean estimates of  primary production for each FAO 
area (Table 1).

The pr imary product ion (Pc) r equired to pro­
duce the fish caught by commercial  f isheries was 
calculated,  based on the 10% transfer  eff iciency 
be tw een  t roph ic  levels  es t i ma ted  in Pauly  and 
Chri stensen (1995),  from

P
14

X
g= 1

c io (V (4)

where Cg is the catch and L g is the trophic level of  
'commodity '  group g. Trophic levels were adapted 
from the 48 ECOPATH ecosystem models  do cu ­
mented in Pauly and Christensen (1995; see also 
Chr istensen and Pauly, 1992a,b; 1993; and Pauly 
and Christensen,  1993). Trophic levels were ca lcu­
lated for each group from the mean trophic level of
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its prey (weighted by consumption) plus 1, s tart ing 
from primary producers (mainly planktonic algae) 
and detritus,  both wi th a defini t ional  trophic level

equal  to unity. This is il lustrated by the trophic rep­
resentat ion of  FAO Area 77 in Fig. 2 (see Appe n­
dix 1 for details) .  Transfer  e ff iciencies  be tween

TABLE 3. D efin i t ion  o f  prey groups and re la ted  in form ation  required  to assess the trophic  im pac t o f  m arine m a m ­
mals. E xam ples o f  diet com posit ions are show n for  6 o f  the 84 species o f  Pacif ic  m ar ine  m am m als (see 
Pauly  et al., 1997).

Benthic
Feature /G roup  inv er teb ra tes3

Large
Zooplankton*1

Small
squ idsc

Large
squids'*

M eso-
pe lag icse

Small
pelagios*

Misc. Fligher 
f ishes8 vertebrates*1

Trophic leve ls1 2.2 2.2 3.2 3.7 2.7 3.3 3.3 4.0
Diet composit ion
Southern  right whale - 1 - - - - - -
Gray whale 0.8 0.1 - - - 0.1 - -
Longman 's beaked  whale - - 0.4 0.4 0.2 - - -
Spinner dolphin - - 0.2 0.2 0.4 - 0.2 -
Antarc t ic  fur seal - 0.5 0.1 0.1 0.1 - 0.2 -
Leopard  seal - 0.3 0.1 - - 0.1 0.1 0.4

a Echinoderms (sea urchins and some sea stars), molluscs (abalone, bivalves and some octopi) and macrobenthic crustaceans. 
b Mainly of crustaceans, notably euphausiaceans (e.g. Krill, Euphausia superba). 
c Squids with mantle length of up to 50 cm, e.g. Gonatidae.
d Squids with mantle length of above 50 cm, e.g. Onychoteuthidae.
e Lanternfish (Myctophidae) and other members of the deep scattering layer (DSL) community. 
f Anchovies, sardines, mackerels and allied groups.
8 Miscellaneous species, predominantly bottom fishes. 
h Marine mammals and birds (e.g. penguins), and some turtles.
1 The trophic levels are weighted means taken from Table 1 in Pauly and Christensen (1995), except for the higher vertebrates,

whose values is taken as the mean trophic level of all Pacific marine mammals species, minus those which feed on higher
vertebrates.

4 -

I
Q)
O
i=
a
o

Marine
Tuna,
billfish

m a m m a s

Small
squids

Small 
p elag ios Benthic 

fish-arge 
zooplanfct. Ä

B en th icSmall 
zooplankt. invert.

Phyto-
plankt. Detritus

Fig. 2. Trophic  model represen ting  the pe lagic  ecosystem  in FAO Area 77 (see A ppendix  1 for details). The lines 
en ter ing  the low er h a lf  o f  the boxes indicate  consum ption  flows. P roduct ion  exits  th rough the upper half  
o f  the boxes. R espira tion  and backflows to the detr it ius  are not shown. Note the difference betw een those 
parts and pathw ays of the sys tem leading to the fisheries, and those leading to the marine mam mals.
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trophic levels tend to have a mean value of  0.10 in 
aquatic ecosystems (Fig. 3; Pauly and Christensen,  
1995).

The amount of  primary production (P¡) required 
to produce the prey consumed by marine mammals  
was est imated from

P. = Ç . E  d.1 ^  1 1,
io(£í¿ r1) (5)

where  Q¡ is the total amount  of  prey caught in kg 
by species i (Equation 1), 0 is the proport ion of
their total diet consist ing of  prey group g, and L¡ a 
is the trophic level o f  the prey group. Diets o f  the 
84 Pacific species of  marine mammals  were taken 
from published reports o f  food and feeding habits,  
and re-expressed in terms of  the 8 prey groups de­
fined in Table 3 (details in Pauly et al., 1997). The 
few species (mainly Mesoplodon  spp.) for which 
diet composi t ion were not available were assumed 
to have the same feeding habits as their conspecif-  
ics. Trophic levels o f  marine mammals  (see above) 
were calculated from the t rophic level o f  their prey 
(in Table 3) and ranged from 4.6 in killer whales 
to 3.2 in right, blue, fin and bowhead whales (Pauly 
et al., 1997).

R esource overlap

The degree of  resource overlap be tween f ish­
eries and the major groups of  marine mammals  in 
each of  the seven Pacific FAO areas were ca lcu­
lated using a niche-over lap index modified from 
MacArthur and Devins (1967) of  the form

2X PikPj.k

<x. 2 2 (6)

where a  ¡j (ranging from 0 to 1) expresses how spe­
cies and/or f isheries i and j  share the resource k, 
and p¡ k and pj k express the proport ions that each 
of  the ¿ r esour ces  contributes to the diets or catches 
(i.e. the amount  of  primary product ion required to 
sustain f isheries -  Equat ion 4, or marine mammals  
-  Equat ion 5, divided by total available primary 
product ion).

The analysis was simplif ied by aggregat ing the 
marine mammals  into five groups: baleen whales,  
beaked whales,  dolphins and porpoises,  pinnipeds,  
and all 84 Pacific species of  marine mammals  com ­
bined.

Results and Discussion

Top predators

-  F ishes

Zooplankton

Phylo- 
plankton "

1
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Food
i10%I

 web .
• y  Competition

Fig. 3. Schem atic  represen ta t ion  o f  ’food web com p e­
t i t io n ’. p roposed  to explain how some groups 
o f  top predators ,  such as marine m am m als,  may 
be affected  by f isheries  even w hen  the prey and 
catch species do not overlap. Food web com ­
petition occurs at the base o f  the food pyramids, 
and involves the prim ary  production  required  
to sustain  these pyram ids.

C atch

The amount  of  fish caught in the Pacific Ocean 
rose from 2 mill ion tons in 1948 to over 50 mill ion 
tons in 1992 (Fig. 1). About  50% of the total P a ­
cific catch has tradit ionally come from the mixed 
stock f isheries off  the coasts of  Russia,  China and 
Japan  (FAO Area 61). Major f isheries have also 
occurred in Areas 87 (South America) and 71 (Phil­
ippines).  South Amer ican f isheries primari ly ta r­
geted anchoveta (Engraulis ringens) until  their col­
lapse in 1972, and shifted thereafter toward sardines 
(Sardinops sagax) and horse mackerel  (Trachurus 
murphyi). Elsewhere in the Pacific,  catches have 
been relatively small ,  and dominated by groundfish 
in the Gulf  of  Alaska and Bering Sea, and tuna in 
the Central  Pacific (Fig 1).

L e v e l s  o f  b y - c a t c h  d i f f e r e d  a m o n g  a re as  
(Alverson et a l., 1994), ranging from a low of 18% 
of total catch off South Amer ica (Area 87) to a high 
of  50% in the Central Pacific off  the coast of  North 
America (Area 77). Overall,  by-catch averaged 34% 
of the total 1992 Pacific catch (Table 1).
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Catches have declined in some areas of  the P a ­
cific and may have peaked in others (Fig. 1). D e ­
clining catches in Areas 61 and 77 may be due to 
overfishing,  decreasing fishing effort,  or both. U n ­
fortunately,  it is difficult  to draw firm conclusions 
when no reliable estimates exist of  the level o f  fleet 
sizes and effort in the Pacific as a whole.  It appears 
however  that the Pacific f isheries cannot continue 
to expand as they have previously.

C onsum ption

Pacific marine mammals,  with a total biomass 
of  app ro xi ma te ly  25 mil l ion tons (over ha l f  o f  
which were sperm whales) ,  were est imated to con ­
sume about 150 million tons of  food per year  (Table 
3), i.e. about three t imes the nominal  catch. Over 
half  o f  the total b iomass  can be attributed to sperm 
whales.  The most  important  prey items for the P a ­
cific as a whole were squids (26 and 41 mill ion tons 
for small  and large squids,  respectively) and meso- 
pe lag ic  f i shes  (25 m i l l io n  tons) .  I n te r m e d ia te  
amounts of  miscel laneous fishes (19 mill ion tons) 
and small  pelagios  (17 mi l l ion  tons) were c on ­
sumed, while benthic invertebrates contr ibuted 3-4 
millions tons, and higher vertebrates (marine m a m ­
mals and birds, mainly penguins) only 0.7 million tons.

Prim ary production

The pr imary  product ion  requi red  to sustain 
marine mammals  in each of  the FAO Areas varied 
within a very narrow range of  20 to 30 g C per m 2 
per year  (Fig. 4). This consistency be tween areas 
suggests that marine mammals may be fully exploit­
ing their marine environments,  which  may reflect 
a long evolut ionary history that has seen marine 
mammals  adapt  their morphology and respiratory

61 67 71 77 81 87 88

Fig. 4. Prim ary product ion  required  to sustain  marine 
m am m als and fisheries  in the Pacif ic  ocean, by 
FAO area.

phys io logy to fully exploit  the available feeding 
niches (e.g. in the deep-scat tering-layer).  Fevels  of  
pr imary production  requi red to sustain f isheries 
varies much more between the different areas of  the 
Pacific,  depending upon the level o f  fishing effort 
and the type of  resource exploited (Fig. 4).

R esource com petition

Commerc ia l  f isheries target only 35% of the 
prey items sought  by marine mammals  (Fig. 5) -  a 
figure far less than might be expected considering 
the frequent complaints  about marine mammals by 
some fishers. Over 65% of  the prey consumed by 
marine mammals  are, as a whole,  not o f  current  
commercial  interest. The greatest  overlap with f ish­
eries for all areas of  the Pacific combined occurs 
wi th pinnipeds (60%) and dolphins and porpoises 
(50%). The least  overlap is with baleen whales  and 
beaked whales (Fig. 5).

Specialized feeding habits further imply that the 
observed dietary overlap between the prey items of  
marine mammals  and the 'prey'  o f  the fisheries is 
less than expected. For example,  most o f  the squids 
and fish which make up such a substantial  part of  
the marine mammal  diet are deep-water  species not 
fit for human consumpt ion,  nor indeed catchable 
in commercial  quantit ies using current fishing gear. 
Similarly,  the small  fish which make up the meso- 
pelagic communi ty consumed by marine mammals  
in oceanic areas contain high levels o f  wax  esters 
(i.e. alkoxydigliceridae) that renders them unfit  for 
human consumption even if their size, appearance 
and consistency allowed for such (see Gjosaeter and 
Kawaguchi ,  1980).

The most significant consumer of  fish and com­
petitor of  commercial  f isheries is probably other 
predatory fish, and not marine mammals.  For ex­
ample,  the documented biomass  fluxes in the eco­
system model (Fig. 2, Table 4, and Appendix  1) 
imply that the amount  of  fish consumed by fish in 
the Eastern Central Pacific (Table 5) is an order of  
magni tude higher than the amount  consumed by the 
marine mammals  (Chr istensen,  1996). Thus fish 
predat ion should be of  greater concern to the f ish­
eries than predation by marine mammals.

Although direct competi t ion between fisheries 
and marine mammals  for prey appears rather l im­
ited, indirect compet i t ion might occur for the pri­
mary product ion which sustains each of  them. As 
shown in Fig. 3, food web competi t ion occurs when
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1

Baleen whales 
Beaked whales 
Dolphins, porpoises 
Pinnipeds 
All marine mammals

1  = 1

Í .  V-

Fig. 5. Overlap betw een the prey com posit ion  of four groups o f  marine mam m als (plus all marine mam m als co m ­
bined) and the catch com posit ion  o f  the fisheries by FAO area.

there is potential  overlap of  the trophic flows s up ­
port ing a given group (such as marine mammals)  
with the t rophic flows suppor t ing another group 
(such as fisheries).  The relat ionship be tween the 
size of  fishery catches (Table 1) and the amounts

of  primary product ion required to sustain fisheries 
and marine mammals  suggests that the primary pro­
duction available to marine mammals  may decline 
as catches increase (Fig. 6). This raises the possi ­
bili ty that Pacific fisheries in some FAO areas may
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TABLE 4. Food consum ption (tons x  103per yr) by marine mam m als (biomass in tons x IO6) in the Pacif ic  Ocean, 
by FAO area and food type.

FAO
Area

Biomass
marine

m am mals
Benthic

invertebrates
Targe

Zooplankton
Small
squids

C onsum ption 
Farge Small 
squids pelagios

Meso-
pelagics

Misc.
fishes

Higher
vertebra tes Total

61 3.22 1 568 1 956 3 402 5 043 2 299 3 240 2 770 99 20 378
67 1.35 1 473 681 1 442 2 066 961 1 455 1 170 85 9 334
71 4.61 28 2 853 4 820 7 595 2 994 4 432 3 520 79 26 320
77 6.88 204 4 364 6 989 11 270 4 351 6 828 4 972 131 39 108
81 3.88 57 3 190 3 680 6 261 2 368 3 660 2 421 92 21 729
87 4.23 168 3 199 4 267 6 891 2 787 4 037 3 095 130 24 573
88 1.49 55 2 548 1 332 2 219 980 1 161 883 108 9 286

Total 25.67 3 552 18 791 25 931 41 345 16 741 24 814 18 831 723 150 728

TABFE 5. Estimates (g per m 2 per yr) o f  fish consum ed by fish, marine mam m als or caught by f isheries  in 
1992 the Eastern  Central Pacif ic  (FAO Area 77). Estimated  from the Ecopath  trophic  model in 
Fig. 2 and A ppendix  1.

Predator Tuna, bil lf ish M iscellaneous fish

Prey

M esopelag ics Benthic  fish Small pelagics

Fishery 0.01 0.01 0.00 0.00 0.01
M arine m am mals 0.00 0.10 0.14 0.00 0.09
Fish 0.00 0.23 0.55 0.07 2.09

have entered into 'food web competi t ion'  with ma ­
rine mammals.

M anagem ent and research  im plications

Catches by the Russian Federat ion,  both in the 
Paci fic  and el sewhere,  have decreased  since the 
b r ea kd ow n of  the USSR,  w hich  a long  wi th  the 
wor ld wide introduct ion of  200 nautical mile ex­
clusive economic zones caused the demise of  the 
subsidized,  long-distance Soviet  fishery. However,  
the best global estimates show that the fishing fleets 
e l sewhere  have more than compensa ted  for this 
decrease (FAO, 1995). Whi le proofs are lacking in 
the Pacific,  the trend is clear: the excessive build 
up, and overcapital izat ion in the fishing fleets leads 
unavoidably to overfishing,  and potential ly threat ­
ens marine mammals  with food web competi t ion.

We wish to stress that our results are tentative 
and wil l  be ref ined as bet ter  est imates  of  diets,  
abundance  and b iomass  become avai lable.  As a 
whole,  our study implies an uncer tain future for
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Fig. 6. P r im ary  p ro d u c t io n  req u i rem e n ts  re la t ive  to 
fishery catches. Primary  production required by 
the marine mam m als o f  the Pacif ic  ocean is low 
w here fisheries catches (and hence the primary 
p roduct ion  required  by the fisheries) is high. 
This may indicate  food web com petit ion  as d e ­
fined in Fig. 3.
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fisheries and marine mammals  in the Pacific Ocean, 
and will  need further invest igat ion and test ing by 
extension to the Atlantic and Indian Oceans.  It is 
clear, however,  that  the Pacif ic fi sheries cannot  
continue to expand as they have previously.
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APPENDIX 1. Construction of a model of trophic interaction in FAO Area 77 
(Eastern Central Pacific).

To illustrate the method for construct ion of  balanced trophic f low models,  an ecosystem model was 
constructed for the Eastern Central  Pacific (FAO area 77) using the Ecopath software (Christensen and 
Pauly, 1992a, b). The model was based on published information,  supplemented  by various approxima­
tions. A number of  the est imates used are discussed by Pauly and Christensen (1993). The descript ion 
below assumes a basic knowledge  of  the structure of  Ecopath,  and of  the parameters required.

Catches are based on the FAO statist ics for Area 77 in 1992 (FAO, 1994). The model  included a total 
o f  12 living groups,  plus a detri tus group:

1. M arine mammal biomass (B) and consumption/biomass ratio (Q/B) were est imated as described in 
the text above. The production/biomass  ratio (P/B) was assumed to be 0.1 per year,  implying an 
average longevi ty of  about 10 years.  Diet compos it ion was obtained as a weighted average of  the 
diet composi t ion of  all species of  marine mammals  reported from Area 77.

2. Tuna and billfishes. Biomass  of  these top predators among fishes was  est imated as approximately 
0.05 g m 2, while the P/B ratio was  set at 1.2 per yr, and the Q/B at 15 per yr, based on Olson and 
Boggs (1986). Diet composi t ion was based on information for skipjack (Tandog-Edralin et al. 1990) 
and ye llowf in tuna (Olson and Boggs 1986).

3. M iscellaneous fish. Biomass was assumed to be 0.5 g per m 2, as suggested by Mann (1984) for 
epipelagic nekton in oceanic areas. Mann (1984) also est imated that the product ion of  epipelagic 
nekton ranged from 0.5 to 1.3 g per m 2 per yr, y ie ld ing  P/B values ranging from 1.0-2.6 per yr. We 
adopted a value of  2.0 yr, and assumed Q/B = 9.3 per yr  as in for mackerel .  (Pauly and Christensen,  
1993) Diet composi tion was based largely on information in Menasveta (1980) and Yamashita et al. 
(1987).

4. M esopelagics include myctophids,  gonostomatids  and sternoptychids.  They occur between  200 and 
1 000 m during dayt ime and rise into the upper 200 m (epipelagic zone) at night to feed primari ly on 
Zooplankton. Biomass was assumed to be 2.6 g per m 2 based on data in Gjosaeter  and Kawaguchi  
(1980) for the western central Pacific.  Similarly,  est imates of  mesopelagic biomass were calculated 
by Mann (1984) to range from 1.75 to 3.0 g per m 2 per yr. Fol lowing Mann (1984), we used a Q/B 
value of  2.9 per year, and a P/B ratio of  0.6 per yr. We followed Hopkins and Baird (1977), who 
found that more than 70% by volume of the diet of  mesopelagics consisted of  crustaceans.

5. Small pelagios include fish such as herrings,  sardines and anchovies.  Their  Q/B ratio was adapted 
from Pauly (1989),  while P/B was  est imated from an assumed gross food conversion efficiency 
(P/Q) of  0.15. Biomass was  est imated by the Ecopath software,  based on an assumed ecotrophic 
efficiency of  0.80, i.e. 80% of the product ion of  small  pelagios was assumed to be caught by the 
fishery or consumed by predators.  The diet o f  small  pelagios was as described by Menasve ta  (1980) 
and Yamashita et al. (1987).

6. -7.  Small and large squids were those with mantle length smaller  and larger than 50 cm, respectively.  
The catches of  small  squids were assumed to be 2/3 of  the total catch of  squids in the area. The Q/B 
for small  squids were based on Pauly et al. (1993), while the Q/B for the larger squids was assumed 
to be hal f  that o f  the smaller  squids.  The P/B was est imated based on assumed gross food conver­
sion efficiencies of  0.20, and 0.10 for small  and large squids, respectively.  Biomasses for both groups 
was est imated using an assumed ecotrophic efficiency of  0.80. Diet composi t ions were based on 
data in Roper et al. (1984).

8. Benthic fish  are those l iving in the deep sea. Mann (1984) gave b iomass est imates for the group as
a whole  ranging from 1.-2.  g per m 2. We therefore used 1.5 g per m 2. Their  P/B was given by Mann 
(1984) as 0.05 to 0.10 per yr, and we used 0.075 per yr. The Q/B value was est imated from an 
assumed gross food conversion efficiency of  0.25, while the dietary composi t ion was based on in­
formation given by Mann (1984).
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9. Large Zooplankton such as copepods,  euphausiids,  and decapods had an est imated biomass of  10 g 
per m 2, and a P/B of 0.5 per yr (Blackburn,  1981). Based on an assumed gross food conversion 
eff iciency of  0.2, Q/B was est imated as 2.5 per yr.

10. Small or micro-zooplankton  were assumed to have a biomass equal to about 25% of  the biomass  of
large Zooplankton (Blackburn,  1981). Their  P/B and Q/B ratios were adjusted to account for their 
smal ler  sizes.

11. Benthic invertebrates (amphipods,  shrimps,  and other decapods).  Mann (1984) gives a mean b iom­
ass of  5.0 g per m 2, and a P/B est imate of  0.1 per yr. With an assumed gross conversion efficiency of  
0.25, Q/B was 0.4 per yr. A diet composi t ion was input which led to mass-balance,  given the con­
straints in 1-12.

12. Phytoplankton. The primary product ion was derived as explained in the text.

13. Detritus. This includes all dead material ,  egesta,  excreta and dead organisms.

The model result ing from these est imates and assumption (Fig. 2) is tentative,  and is presented here as
a possible  scenario.  Interested readers may obtain further details (including the complete file and the 
Ecopath software to run it) from Daniel  Pauly or Villy Christensen.  The latest  (Windows 3.1) version of  
Ecopath includes a Monte-Car lo  simulat ion routine al lowing verificat ion,  in a Bayesian context,  of  as­
sumptions such as those presented above.


