
Environmental Uncertainty and Commercial Fishing: 
Effects on Peruvian Guano Birds 

David Cameron Duffy 

Percy FitzPatiick Institute of African Ornithology, University of Cape Town, 
Rondebosch 7700, South Africa 

ABSTRACT 

The roles o f i h e  El rVi% ohenomenon. a ccssoiion o f  uowellin~. and of . . ". 
humonfishing in limiringpopulorions o/Peiuuion guano birds (Gummy 
cormorant Phalacrocoran bougainviiiii, Peruuian booby Sulv varicgata, 
and Peiuoian brown pelican Pelccanus accidentalis thagur) were 
intiesrigorcd using historical records ond the scicnrifc lilernrure. In 
n o r n d  years, the combinedpopulorions ojrlie lhrce species showed on 
18% incrcose per year. El Nin'or occurred oi approximalelyfiae-pnr 
inzervnlsondcausedapopulorion decrease o , f l7% and35% desertion of 
nesting oreas. In sewre El N i i m  o! npproximaicly 12-ycor inieruals, 
[here w s  a mean decrease 0/47% ondcomplere nesri~~gjnilare. El Niios  
mried in seteriry nnd a possiblr explanorion is prermied. 

In non-El Nrio years, commerciolfishing did not d i r e a h  conirol bird 
popularions rhrvugh srarooriort giodiilis or drowning in nerr Increased 
commercial fishing apporenily led to  decreased nesring suecms: the 
grenrcr rhe quanriry q i f i sh  landed, ibc lower !he percoirnge inereose of 
rhe birdpopu/o!ion rho[ yenr. 

Shorr-liwii, hheauilv-fi5hed smcies such as anchoucio ore in eonsionr . . 
danger qfpopulorion collnpse during years of occasional, unpredicroble 
rcproduciiaejoilure. Birdpopulations could be maintained as bu//ers ro 
prevent terminnlly-de.vesrriiciiac orerfishing by humans. 
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INTRODUCTION 

The guano-producing seabirds of the Peruvian Coastal or Humboldt 
Current-the Guanay cormorant Phalacrocorax bougainuillii, Peruvian 
booby Suia uariegata, and the Peruvian brown pelican Pelecanus 
occidentaiis rhagusare  believed to exhibit a cycle of population crashes 
caused by the El Niiio phenomenon (e.g. Murphy, 1936; Vogt, 1942; 
~ u t c h i n s m ,  1950; Nelson, 1978). 

In most years, theupwellingecosystem ofthe PeruvianCoastalCurrent 
provides abundant food for the guano birds. In an El Niiio year, the 
upwelling declines or stops and the three species abruptly leave their eggs 
and young to undertake eruptive dispersals north, south, or inland in 
apparent search of food. Millions subsequently die of starvation (e.g. 
LaValle, 1917;Murphy, 1925,1936;Vogt, 1940,1942;Hutchinson, 1950; 
Jordan, 1964; Jordan & Fuentes, 1966; Tovar, 1978). The present paper 
summarises the available literature on this apparent cycle and attempts to 
-how the effects of El Niiio on the populations of guano birds, as well as ...- 
on their principal food, the anchoveta Engrauiis ringens. 

Commercial fishingfor anchovy began in themid-1950s and by the late 
1960s had become the world's largest fishery (Idyll, 1973). An unlimited 
number of boats were allowed to fish. The harvest was regulated, at least 
in theory, by shortening the fishing season but there was still substantial 
overfishing above the recommended harvest (Anon., 1970; Idyll, 1973). 
After 1971, an El Nirio and ~verfishin~combinedto prodnceacollapse of 
theanchoveta standing stock from 15 million metric tonnes (mmt) or more 
(Idyll, 1973) to less than 4mmt (Valdivia, 1978). The fishery for anchoveta 
was permanently closed in 1981 (Associated Press, Los Angeies Times, 25 
March 1981). What were the effects of this fishery and its collapse on the 
guano birds? 

METHODS 

Most of the data have been previously published in the scientific 
literature. Descriptions of the relevant methods ofthe various authors are 
included in the results. In many cases, researchers did not treat the three 
species separately so my analysis is mostly confined to the combined 
~opulations of the three. 

I estimated the annual extent of desertions at three colonies: Isla 
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Mazorca (11 '23'S, 77"45'W), Isla Macabi (07"47'S, 79"30'W), and 
Isla Don Martin (ll"Ol'S, 77"40'W) by examining fortnightly census 
sketches (uide Nelson, 1968) prepared by the islands' caretakers. In some 
cases the maps go back 40 years. I compared the sketch of the area of 
greatest occupancy of birds with eggs with the sketch of the same site two 
months later. Hatching to final departure from the nest takes lonser than 
two months for all three species (Vogt, 1942) so that nesting failure rather 
than successful fledging would have been responsible for any decreases in 
area occupied. This analysis does not include several severe El Niiios 
when birds did not attempt to breed. It assumes that deserting birds were 
not replaced by new nesters because new breedingattemptswerenot likely 
to be initiated under conditions of food scarcity. 

RESULTS 

El Niiios are frequent. Noticeable events occur at 5-4 year intervals 
(SD = 3 6  years,n = 34)and severeevents at 12.3 year intervals (SD = 4-5 
years, n = 17: Quinn el ai.. 1978). Data presented by Jordan & Fuentes 
(1966) cover a shorter time span and give slightly different intervals. 

Jordan & Fuentes (1966) estimated combined populations of the three 
species from theguano harvest (Fig. 1). Tovar (1978) presented additional 
data for recent years. Excluding years of El Niiio and the period before 
1946 when nesting space may have been limited (Duffy, 1980), the mean 
annual increase in the population was 18 % (SE mean =4-5 %, n = 18, 
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Fig. 1. Combinedpopulationsofthethreenpecier from 1909 to 1977(datafrom 1909 to 
1960 are derived from gum" harvcrtr; Iuler data are censuses; after Jordan & Fuenres: 

1966: Tovar. 1978). 
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datafromFig. 1). In El Niiio years since 1909, there has been a mean 17 % 
decrease (SE mean = 7 %, n = 18). In the five most severe occurrences of 
El Niiio, the decrease was 47% (SE mean = 13% all data from Fig. 1). 

At the nesting colonies, moderate and severe El Niiio events at 
approximately five-year intervals resulted in a mean desertion rate of 35 % 
at threemajornestingislands(SEmean = 17 %, n = 17). In years of severe 
occurrences, the birds did not attempt to breed at all (e.g. Vogt, 1940; 
Jordan, 1964; Jordan & Fuentes, 1966) so that 35% is probably a 
conservative figure. 

Changes in the combined populations ofthe three specks ranged from 
a 73 % decrease to an increase of 25 % (data from Fig. 1 )  There was no 
significant relationship between the size of the initial combined popu- 
lation of the threespeciesand the percentdecreasecaused by a subsequent 
El Niiio (Spearmann rank correlation, r,= -0.15, n = 12,p > 0.05, data 
from Fig. I, treating multiple-year El Niiios as single events). 

Successive El Niiios have varied in their effects on the three species. For 
example, in the El Niiio of 1965, pelicans increased while theother species 
declined (Fig. 2; data from Tovar, 1978). In 1963, pelicans showed the 
greatest proportional decline but in 1972, they were intermediate between 
the other hvo species in their response. 

The raw data on anchoveta stocks and details of the acoustic survey 
which generated them have been restricted to the internal reports of the 
Instituto del Mar, the Peruvian marine research institute which monitors 
Peruvian fisheries. These data are not generally available to outside 
researchers. Anon. (1974) and Valdivia (1978) estimated annual bio- 
masses of the anchoveta. Between 1963 and 1968, their estimates 

Fig . 2. Percent fluctuations of the rhree s p i e s  from 1962 to 1974 (data f rom 
1978). 

Tovar, 

Fig. Estimated biomass o i  anchovcta iroin 1963 to 1975 (after 

Valdiviu, 1978). 
Anon., and 

suggested that stocks of anchoveta varied relatively little (Fig.3). El 
Niiios within this period (1963, 1965, 1969) produced little fluctuation in 
anchoveta biomass. 

During the same period, the combined harvests of anchoveta by birds 
and humans together began to exceed the recommended maximum 
sustainable yield of 9-5mmt (Fig.4; Anon., 1970, 1974; Schaefer, 1970). 
In 1969 and 1970, the overfishing seems to have produced an increase in 
the biomass of the anchoveta (Fig. 3). After 1971, a combination of 
overtishingand recruitment failure ofanchoveta youngduringan El Niiio 
resulted in acollapseoftheanchovetapopulation (Fig. 3), thecommercial 
fishery (Fig. 4), and the populations of guano birds(Fig, I). None of these 

Fig. 4. Extent ofvnchoveta harvest by birds and humans combined in relation to the 
maximum sustainable yield (darn from Anon., 1970: Boeiema & Guliand, 1973: and 

Tovar, 1978; modified from khaefei,  1970). 
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three has recovered subsequently and stocks of anchoveta are now (1981) 
estimated at about 2mmt (Associated Press, Los Angeles Times25 March 
1981). 

There is no correlation between biomass of anchoveta and numbers of 
birds (r,=0.37; n = l l ; p >  0.05; data from Tovar 1978 and Fig.3) nor 
between fishery landings and numbers of birds (r,= 0.05; n = 14; p >  
0.05; data from Table 6 of Tovar, 1978). There is, however, a strong 
inverse relationship between fishery landings in a gven year and the 
percent increase of the bird population in the same year (I,= -0.85; 
n = 13; p<0.01). 

DISCUSSION 

El Niiio 

Repeated investigations by field workers (e.g. LaValle, 1917; Murphy, 
1925; Vogt, 1940; Jordan, 1964; Jordan & Fuentes, 1966) haveconcluded 
that avian mortality during an El Niiio is predominantly caused by 
unavailability of the anchoveta, the major prey of the three species 
(Galarza, 1968; Schaefer, 1970; Jordan, 1976). As shown in Fig.3, the 
occurrences of El Niiio in 1963, 1965, and 1969 had no particularly 
negative effects on theestimated populations of the anchoveta. The quick 
recovery of guano bird populations following an El Niiio also points to a 
food supply persisting through the perturbation. Mass mortality of 
anchoveta has not been reported during an El Niiio (Valdivia, 1976). 
Instead, the apparent shortage of anchoveta may occur because this cool- 
water species avoids warm, invadingwaters by moving south (Vogt, 1942; 
Valdivia, 1976; Walsh, 1978) or by moving deeper below the surface 
(Fiedier ei 01.. 1943; Schweigger, 1964; Jordan & Fuentes, 1966), thus 
\- 

becoming less available to foraging birds. 
Mortality of birds varies from one El Niiio to the next. This suggests 

that El Niiio may vary in severity. How can this fit in with the postulated 
behaviour of the anchoveta? 

As an El Niiio develops, the upwelling along the Peruvian coast may 
become restricted to isolated pockets (e.g. Fig. 3, in Jordan & Fuentes, 
1966). This might actually facilitate fishing by birds and humans by 
concentrating the anchoveta (Jordan & Fuentes, 1966; Paulik, 1971). As 
warm water moves south, it would swamp the ~ocke t s ,  forcing anchoveta 
to movesouthor deeper. Birdsdependent on the anchoveta would have to 

try to reach the next pocket of cold water and anchoveta or turn to 
different food sources. This would account for the abrupt dispersals 
reported (e.g Vogt, 1940) and the invasions of fish-meal plants and 
human food markets by pelicans (Jordan, 1964) during El Niiios. 

The more severe the El Niiio, the farther south that pockets of 
upwelling would be overrun. The severity of an El Nido may itself depend 
on when it occurs (Quinn el a/., 1978). An El Niiio during the southern 
summer might have a severe effect since it would further reduce the 
already seasonally-diminished upwelling. At other times oithe year, when 
the upwelling is more active, the effect would be muted or masked. 

This model could be tested by small-scale, inshore observations of 
temperature and anchoveta distribution during future El Niiios. Avian 
mortality should occur in stages rather than continuously as successive 
pockets of cold water are swamped. Partial support for this comes from 
the data of Fig. 5b of Jordan & Fuentes (1966), which shows three waves 
of avian mortality during the 1965 El Niiio. 

This model produces an El Nifio which acts in a density-dependent 
manner. Each pocket of persisting cold water should be abic to support 
only acertain number of birds through an El Niiio: the fewer the pockets, 
the greater the mortality. The larger the population, thegreater theexcess 
which cannot be supported. 

It now appears that El Niiio may be a homeostatic result of the same 
circulations of wind and water which produce the upwelling. Wyrtki 
(1975) suggested that in the circulation of Pacific waters, a mass of warm 
water piles up in the western Pacific. When sufficient mass has been 
attained, it ovenvhelms the normal westerly circulation of surface water 
and fiows eastward onto the upwelling area. After this return to 
equilibrium, Coriolis forcesresultingfrom the earth'srotation resume the 
westward fiow of water. In this model, upwelling and El Niiio are 
inexorably bound together. Theresult for theguano birds is that while the 
waters of the wind-driven upwelling produce a rich food supply which 
allows a rapid increase in numbers of birds in normal years, the same 
winds eventually cause a djsaster which temporarily makes food unavail- 
able to birds with consequent massive mortality. With resumption of 
circulation, the fish return and the bird populations increase. 
Fluctuations of Peruvian guano birds therefore appear to represent a true 
population cycle. Like other cycles of natural populations, there is 
extensive variation in periodicity and amplitude (Ricklefs, 1973) but in 
this case there is a clear link to a natural, geophysical cycle. 
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Commercial fishing and populations of guano birds 

In as much as commercial fishing contributed to the collapse of the 
anchoveta stock, it has obviously (Figs 1 and 4) had a devastating effect 
on the guano birds. How this came about remains to he determined. 

Jordan & Fuentes (1966) reported mortality of adult guano birds in 
nets set for anchoveta. Unfortunately, the extent of such mortality was 
never quantified while the fishery was active (Duffy er nl., in press). Nets 
are a serious source of mortality for adult seabirds in other parts of the 
world (King el a / ,  1979). The lack of a correlation between commercial 
fishing and numbers of birds suggests that mortality in nets was not the 
primary cause of the decline in bird numbers. Similarly, the lack of 
correlation between bird numbers and anchoveta stocks suggests that 
adults were not starving to  death because of overfishing. 

Fluctuations in commercial fishing do  explain 72 % of the variation in 
the annual increase of the bird population (72% is the square of the 
correlation between commercial fishing and the increase in the bird 
population, r,= -0-85). The more that humans fished, the fewer young 
hirds were produced each year. Commercial fishing competed, not for 
subsistence food for adults, hut for the extra food necessary to 
successfully raise young. This interpretation is supported by the data of 
Tovar (1978) who found that large portions of the combined populations 
did not even attempt to breed each year after the collapse of the fishery. 
What successful reproduction does take place may barely compensate for 
annual and El Nix50 mortality of adults rather than producing the 
previous 18 % annual increases. 

Crawford & Shelton (1978), considering the relation between com- 
mercial fishing and q a n o  birds in the Benguela upwelling region off 
southern Africa, similarly concluded that reproductive success rather 
than adult mortality was the life history parameter immediately affected 
by fishing. 

With the exception of Schaefer (1967, 1970), fisheries managers have 
generally ignored the trophicroie of birdswhen attempting to oversee fish 
stocks. Evidence continues to  accumulate that birds take a significant 
proportion (20%+) of some fish populations (e.g. Wiens &Scott, 1975; 
Furness, 1978; Furness & Cooper, in press; this study). 

Nesting success or growth rates of seabirds in upwelling areas could be 
used as indicators of the health of fish stocks. Seabird populations could 
also play an integral role in more imaginative approaches to fisheries 

. . 

management. Short-lived engraulids such as the anchoveta and the South 
African anchovy Engraulis capensis have typically shown a pattern of 
consistent recruitment of young fish into the population. Such con- 
sistency is unfortunately punctuated by occasional years of recruitment 
failure (Idyll, 1973; Cushing, 1975; Newman & Crawford, 1980; 
Crawford, 1981). In Peru, this recruitment failure may be a regular 
feature of El Niiio years (Paulik, 1971; Valdivia, 1976, 1978; Csirke, 
1980). Current management practice is to set a maximum sustainable 
yield which remains fixed even in the face of occasional recruitment 
failure. Pursuing this strategy, a fishery could fish out an entire existing 
stock and then find that therewereno youngfish toreplenishit. A second 
strategy is to 'foresee' the occasional recruitment failure in time to reduce 
or suspend fishing to allow the fish stock to recover. Progress is being 
made in this field, particularly for the northern anchovy Engraulis 
mordax off California (e.g. Lasker, 1978). 

Unfortunately, this approach allows little room for error. Previous 
efforts at predicting annual recruitment into fisheries have proved 
frustrating (Cushing, 1975). A third strategy would be to accept that the 
environment and recruitment are unstable and that we are unlikely to  be 
able to predict either within the life of any one fishery. An effective 
management plan would use guano birds as a buffer against overenploita- 
tion. For example: the former maximum sustainable yield for the 
anchoveta was 9-5 mmt for a stock of 14mmt o r  more. In retrospect, it is 
obvious that such a high maximum sustainable yield could not survive a 
recruitment failure. However, had human fishing been limited to 6mmt 
and the birds allowed to harvest the rest, humans could not have fished 
down the stock during the recruitment failures of the early 1970s. Since 
guano birds have not destroyed anchoveta stocks during El Niiios since 
1909,it isunlikely that theycoulddosoin thefuture. Reproductive failure 
and adult mortality would further reduce avian demand on the 
anchoveta stock. 

Tourism to  the guano islands and the harvest of guano would ensure 
that at least some of the 'lost' anchoveta were recovered as usable income. 
The loss in trophic efficiency (Hutchinson, 1950) of anchoyeta harvested 
as guano instead of directly would be a small price to pay for the 
continued survival of the fishery. 

If theanchoveta ever recovers, the guano birds of Peru are also likely to 
recover quickly, as they have done from so many El Nifio events in the 
past. Such an opportunity should not be wasted by a return to the same 



inadequate management methods which precipitated the original crisis. 
Birds, fish, and humans can coexist in the Peruvian Coastal Current. A 
management scheme which deliberately plans for this is more likely to  
succeed than onewhichmerely attempts to  maximiseshort-termexploita- 
tion of the anchoveta. 

I deeply appreciate the help, advice, and patience of many friends and 
coworkers, mentioned in previous papers, from Peru, Princeton, 
Galapagos, and  theFitzPatrickInstitute. I would also like to  t hankR.  W.  
Fnrness forcomments on  an  earlier draft .  The researchwas funded by the 
Organization o f  American States, Princeton University, the National 
ScicnceFoundation,and the InternationalCouncilfor Bird Preservation. 
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