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Abstract

The worldwide increasing trend in fishing catches together with the impact of fishing on ecosystems and inefficient fishery
management have led to overfishing and frequent collapse of traditional fish stocks. In this context, the assessment of fishery-
induced impacts and the implementation of ecosystem-based fisheries management programs are urgently required. In this
study, the mean trophic level (TLm) and the fishing-in-balance (FIB)-index of Uruguayan landings during 1990 and 2001 were
estimated using the trophic level of 60 fishery resources.

A decline in total landingsY) is observed, which is explained by the lower fishing yield in major fishery resources (especially
demersal). Moreover, a marked decreasing trend in TLm at a rate of approximately 0.28 trophic levels per decade, and a
decreasing trend in FIB-index since 1997 were observed. The present situation of fishery resources in Uruguay (fully exploited
or overexploited) and the drop in Y, FIB and TLm can be considered as indirect indicators of the fishing impacts on the trophic
structure of Uruguayan marine communities. We suggest that a more holistic ecosystem-based fisheries management could helf
to alleviate the critical situation of fish stocks in Uruguayan waters.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The increasing trend in world catchésNO, 2002,
the fisheries impact on ecosysten@oiii, 1998; Hall,

~ Correspondi thor. P +add Denartment of O 1999; Hollingworth, 2000; Pauly, 20D2he failure in
* orresponaing autnor. Presentaaaress: bDepartmentor Oceanog- e
raphy, University of Concepén, P.O. Box 160-C, Concegisi, traditional stock assessment and management and the

Chile. Tel.: +56 41 204239; fax: +56 41 256571/225400. economic subsidies of fisherig2quly et al., 200dead
E-mail addressamilessi@udec.cl (A.C. Milessi). to overfishing of marine resources, and, in some cases,
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to stock collapseRotsford et al., 199) In addition, (Stergiou and Koulouris, 2000; Pauly et al., 2001,

Pauly et al. (2003predict further decreasing trends in  Pinnegar et al., 2003; Arancibia and Neira, in press;

world catches and vast effects on marine biodiversity. Sala et al., 2004

In this context, an ecosystem-based approach has been Uruguayan waters within the Argentine—Uruguayan

suggested as a complement to the traditional fisheriesCommon Fishing Zone (AUCFZ) have displayed a

stock assessment and managemeéhtistensen etal.,  long-term decreasing trend in catches and fishing yield

1996; NRC, 1998; ICES, 2000; FAO, 2001; Sinclair ofthe main fishery resources, especially those of tradi-

et al., 2002; Pauly et al., 2003; Pikitch et al., 2Dp04 tionaltarget species (e erluccius hubbsDINARA,

Consequently, ecosystem indicators (FRsichet and 2001). As aresult, the fishing effort has been re-directed

Trenkel, 2003; Trenkel and Rochet, 20@®d ecosys-  to new fisheries resources and previously incidental or

tem models have been developed to assess the impacby-catch speciefiefeo et al., 1994; Gutrrez and De-

of fishing (Hollowed et al., 2000; Shannon etal., 2000 feo, 2003, which, in turn, are also susceptible to over-
The mean trophic level (TLm) of landings of a par- exploitation Milessi and Defeo, 2002 However, the

ticular area has been proposed as an indicator of fishery-impact of fishing in Uruguayan waters remains unclear

induced impacts at the food web lev&auly et al., or poorly understood. In this paper we test whether the

1998, 2001, 2002; Rochet and Trenkel, 2p03ver TLm of Uruguayan landings declines with time or not.

last 45 years, TLm has showed a clear decreasing trend

atarate of 0.10 per decade. This process is called “fish-

ing down marine food webs” (FDMFWensuPauly et 2. Materials and methods

al., 1999. Although TLm is sensitive to economic and

technological factorgfaddy et al., 1998 several stud- We used landings and trophic levels of the main

ies have confirmed this trend atregional and local scales 60 species (from a total of 95) captured in Uruguayan

URUGUAY

—| 35°

- 36°
Argentina

—| 37°

- 38°

South America

. [
el se

| ] | | | | | n n

59°  58° 57° 56° 55° 54° 53° 52° 51° W

Fig. 1. Study area corresponding to Uruguayan waters (UW) of Argentinean—Uruguayan common fishing zone (AUCFZ).
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waters of AUCFZ Fig. 1) to calculate de TLm of land-

ings. Species were selected considering that they com-

prise 85-98% of the total landings, and the information
ontrophiclevel and/or diet composition was fully avail-
able. Landing statistics were obtained from the Annual
Statistical Yearbook of the National Fisheries Institute
(DINARA, 2001).

The trophic level of the 60 selected species;{TL
was obtained from feeding studies and information
from FishBase, which provides TL estimates from
food items for many fish speciefrpese and Pauly,
2000 (Table 1. Species such as krilEuphausiaspp.)
and Patagonian toothfistDissostichus eleginoidgs
were not considered in this analysis, since most of
their catches occur outside the AUCFRINARA,
200)). Freshwater fish species (e.g. catfiBimelo-
dusspp., characieporinus obtusidensnd cultured
fish species (e.g. Siberian sturgedanipenser baeri
common carpgCyprinus carpig were not included in
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calculated excluding landings of scalldggochlamys
patagonicaand red cralChaceon notialibecause both
species showed an increasing significance in landings
and economic value in the last analyzed years.
On the other hand, the fishing-in-balance index
(FIB) was also estimated as follows:
)TLO)

1 TL; 1
FIB =log( v;[ — —log ( Yo =

whereY; is landing at yeatr, TL; the mean TL of the
landing at yeat, TE the trophic efficiency (here set at
0.10), andyp and TLg are the landing and mean TL of
the first year of the series. The FIB-index can be an in-
dicator of a “trophic level balance” objective in fishery
management, assessing whether fisheries are ecolog-
ically balanced. Values of FIB<0 may be associated
with unbalanced fisheries, i.e. a lower current catch

this analysis because they inhabit inland ecosystemsthan the theoretical catcPauly et al., 2000based on

and/or they are artificially fed. Other species such as
marine snails (e.gAdelomelonspp., Zidona dufres-
nei) and some fishes (i.€ercophis brasiliens)swere
also excluded due to lack of basic information of their
diet. In the case of species grouped under a com-
mon name in the DINARA landing reports (e.g. floun-
ders), we considered the trophic information for the
genus (i.eParalichthy$ as representative of those sin-
gle species (i.eP. brasiliensisand P. patagonicus
Table ).

Following Pauly et al. (2002)species were sepa-
rated into those with TL > 3.5 such as large fishes (e.g.

the productivity of the food web.

3. Results

Landingsin Uruguayan fisheries are showRiig. 2
Although total landings decreased after 1991, this trend
was not significant (Spearmar’ss —0.32; P>0.05;

Fig. 2a). However, landings of large pelagic fishes
(r=0.73;P<0.01;Fig. 2b), chondrichthiansr(=0.62;
P <0.05;Fig. 2d), crustaceans and mollusks=(0.83;
P <0.01;Fig. 2¢) showed significant increasing trends.

tunas, sea bhass), whose food tends to be a mixture ofBoth, small and medium pelagic fishes exhibit an in-

low- and high-TL organisms (TL =3.5-4.5); TL< 3.5,
in order to observe changes in the contribution of each
group to total landings. TLm was estimated as follows
(Pauly et al., 1998

TLm = = Jb0%
2. Y

where TLm is the mean trophic level of landing in year
j, Yjj the landing of speciesin yearj and TL is the
trophic level of species

To account for the effect of species of low trophic
levels on the long-term trend of TLm, two analyses
were conducted. First, the TLm was calculated con-
sidering the 60 selected species. Then, TLm was re-

@)

creasing, but non-significant, trend50.65;P > 0.05;
Fig. 2c).

The analysis of landings by fish groups showed
that, at the beginning of the time series, total land-
ings were dominated by demersal fishes (hake, white
croaker), while landings of large (tunas, swordfish),
medium (rouge scad, parona leatherjacket) and small
pelagic fishes (anchovy) as well as chondrichthians
(rays and sharks), mollusks (squid, scallop) and crus-
taceans (red crab) were not important. This trend was
reversed at the end of the time series (1997-2001;
Fig. 2b—e), with landings of the latter groups repre-
senting a higher fraction of total landings, while de-
mersal species showed a significant decreasing trend
(r=-0.66;P<0.05;Fig. 2).
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Table 1

Trophic level (TLi) of the main species landed from Uruguayan waters of the AUCFZ, from 1990 to 2001

Common name Scientific name iTL Groups
Argentine anchovy Engraulis anchoita 2.48 Small pelagics
Silverside Odontesthespp. 2,57

Brazilian menhaden Brevoortiaspp. 2.78

Chub mackerel Scomber japonicus 3.38 Medium pelagics
Rough scad Trachurus lathami 3.48

Mullet Mugil spp. 2.6

Parona leatherjacket Parona signata 3.4

Yellowtail amberjack Seriola lalandi 4.07

Largehead hairtail Trichiurus lepturus 4.2

Atlantic Bonito Sarda sarda 4.34

Bluefish Pomatomus saltatrix 4.5

Albacore Thunnus alalunga 4.5 Large pelagics
Swordfish Xiphias gladius 4.5

Oil fish Lepidocybium flavobrunneum 434

Bigeye tuna Thunnus obesus 4.3

Yellowfin tuna Thunnus albacares 4.5

Dolphinfish Coryphaena hippurus 437

Butterfly kingfish Gasterochisma melampus 4358

Billfish Makaira spp., Tetrapturusspp. 4.48

Southern bluefin tuna Thunnus maccoyii 4.5

Others tunas Thunnusspp. 4.48

Pink cusk-eel Genypteruspp. 4.34 Demersals
Common seabream Pagrus pagrus 3.58

Brazilian codling Urophycis brasiliensis 3.7F

Hawkfish Nemadactylus bergi 3.18

Whitemouth croaker Micropogonias furnieri 2.95%

Stripped weakfish Cynoscion guatucupa 423

Argentine hake Merluccius hubbsi 4.08

Argentine croaker Umbrina canosai 3.7

King weakfish Macrodon ancylodon 3.P

Flounders Paralichthysspp. 4.3

Southern kingcroaker Menticirrhus americanus 3.5

Argentine conger Conger orbignianus 3.4

Black drum Pogonias cromis 3.8%

Bigeye grenadier Macrourus holotrachys 3.71

Sea bass Acanthistius brasilianus 4,012

Plata pompano Trachinotus marginatus 3.88

South American Silver porgy Diplodus argenteus argenteus 3.13

Blackbelly rosefish Helicolenus dactylopterus lahillei 3.4

Angelshark Squatinaspp. 4.9 Chondrichthians
Sand tiger shark Carcharias taurus 4.4

Shortfin mako Isurus oxyrinchus 4.3

Blue shark Prionace glauca 4.3

Soupfin shark Galeorhinus galeus 4.

Spoted spiny dogfish Squalus acanthias 4.0

Porbeagle Lamna nasus 4.

Yellownose skate Dipturus chilensis 429

Bignose fanskate Sympterygia acuta 3.¢

Night shark Carcharhinus signatus 4.

Sandbar shark Carcharhinus plumbeus 4.1°

Brazilian guitarfish Rhinobatosspp. 3.6
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Common name Scientific name iTL Groups
Narrownose shark Mustelus schmitthi 3.6
Elephantfish Callorhinchus callorhynchus 3.23
Southern eagle ray Myliobatis goodei 3.58
Red crab Chaceon notialis 252 Mollusks, crustaceans
Shrimp Farfantepenaeus paulensis 2.52
Scallop Zygochlamys patagonica 2.00
Blue mussel Mytilus edulis 2.0
Squid lllex argentinus 3.8-4.F
a TLs were derived from FishBase.
b TLs were derived fronCortés (1999)
¢ TLs were derived fronghannon et al. (2000)
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Fig. 2. Annuallandings¥ 10°t)in Uruguayan waters of AUCFZ: (a) total; (b) large pelagics; (c) small and medium pelagics; (d) chondrichthians;
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Fig. 3. (a) Mean trophic level (TLm) of landings in Uruguayan waters of AUCFZ, with@)ad with (O) scallop and red cralv € Spearman
rank correlations). (b) Long-term variation in the TLm vs. total landings during the period 1990-2001.

TLm significantly decreased from 1990 to 2001 medium-sized pelagic fishes (i.e. anchovy) and inver-
(r=—0.86;P<0.001;Fig. 3a). The maximum value of  tebrates (e.g. scallop, red crab).
TLmoccurredin 1991, which coincided with the histor- The FIB-index showed a steady upward trend from
ical peak in landings of demersal fishes (ca. 135000t). 1990 to 1993 owing to the increase of both landings
The decreasing trend in TLm was also significant even and TLm, suggesting that the fishery was expanding
when scallop and red crab landings were excluded from to stocks only lightly exploited. Landings peaked in
the analysisn=—0.75;P<0.01;Fig. 3a), suggesting 1991, thereafter FIB showed a stepwise decline, with
a fishing down process in the study area. FDMFW is negative values. The only exception was year 1997,
also confirmed when the relationship between landings when FIB=0 Fig. 4). Finally, the percentage of the
and their corresponding TLm was analyz&iy( 3b). landings of species of TL>3.5 also declined during
Whereas the TLm and landings increased from 1990 that period Fig. 5).
to 1991, TLm declined from 1991 to 2001. In general,
TLm of Uruguayan landings decreased at a rate 0of 0.28 4 piscussion
per decade. The lowest value of the TLm was recorded
in 2000—-2001, which can be explained by the increas-  We showed directimpact of fishing on target species
ing landings of species with low TL, i.e. small- and in Uruguayan waters of AUCFZ. A decreasing trend in
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0.35 off Central Chile ATLm =0.15;Arancibia and Neira,
in pres$ and in Mediterranean wateraTLm =0.15;
’ Pinnegar et al., 2003 but comparable to those es-
timated for marine waters of GreecATLm =0.30;
005 el Stergiou and Koulouris, 200@nd the Gulf of Califor-
e N g e nia (ATLm=0.40;Sala et al., 2004
v Caddy etal. (1998ndCaddy and Garibaldi (2000)
Y pointed out that TLm could be sensitive not only to
-0.25 ‘. fishery-induced changes atthe ecosystem level, butalso
T to economic and technological factors. This could be
190 1982 1994 1996 1998 2000 argued to explain the temporal variation in total land-
Year ings and TLm in the study area. In fact, the decreas-
ing trend in landings of the most important fishery re-
sources (i.e. demersal fishes) in AUCFZ during mid
1990s determined a redirection of fishing effort to new
fisheries based on more valuable target species located

0.25+

0.154

FIB index
[
.

-0.15+

-0.35

Fig. 4. Fisheries in balance index (FIB) in landings of the AUCFZ
(1990-2001).

catch per unit of effort in last years has been docu-

mented DINARA, 2001). In addition, recent stock as- atlow TL, such as the red crdh notialisand the scal-
sessment of the main fishery resources revealed thatloPZ' patagonicgRiestra and Barea, 2000; DINARA,

they are close to their maximum sustainable yield, t2h00_|l_|;_Gu|t_¢|3rrez and I;])efetcr)], 2|O()§yvh|chf[[r;]fluenced .
while others are overexploitedéfeo and Masello, € 1Lm. However, when the 1andings ot these species

2000; Pin and Defeo, 2000The fishing pressure on were excluded from the analysis, TLm still showed a

target species is likely to have indirect impacts on the E'gmf;@ntrgig;??ﬁ trer;@fﬁ ?térTs,hsfr ifgg':;hfan
whole ecosystem by releasing competitors and prey, P : uguayan w

and by decreasing food availability for predators. Our be related to community changes induced by the fish-

result shows a long-term change of the exploited fish ery, since economic and/or technological factors re-

communities from a holistic (ecosystem) point of view lated to Increasing landings of high valuable species of
the study area, low TL did not seem to affect long-term trends in TLm.

The decline in TLm ATLM=0.28 trophic level In addition to fisheries, long-term environmental vari-

per decade) in Uruguayan waters of AUCFZ is almost ation can also affect the structure and functioning of
three times higher than the rat®TLm = 0.10) reported marine communitiesiCES, 2000; Pauly et al., 2.002;
by Pauly et al. (1998pt a global scale. When com- Watters et al., 2003 However, there are no evident

pared with local/regional studiea TLm in our study fr']%n:Lj)éIS:%Ch kgr?e?i)v;r:}“oz%'nggrr]ﬁﬁaﬁwg;f of
zone is higher than in the coastal upwelling system Gu » 200 u 9

and significant decrease in the observed TIRig(3)
unambiguously indicate that fisheries strongly impact
the community structure and functioning in our study

100

it OTL> 35 Zone.
£ BTL<s5 FDMFW is also supported by the decreasing trend
g 604 observed in FIB and the landings of predators’ species.
% i Therefore, TLm proved to be a good indicator of the
s \//\_,/ status of exploited fishing resources in a multispecific
= context, especially in those ecosystems where fisheries

N
o
L

primarily tend to catch slow growing large predators as
"1990 i © s ” akm " weas | 3 in Uruguayan waters. Further supporting evidence of
the deteriorated health of fisheries in this area is that

Year . . . .
by-catch species, which were previously discarded by
Fig. 5. Annual landings (%) of Uruguay discriminated by trophic traditional fisheries (i.e. sharks), are now being retained
level (TL): TL>3.5 and TL<3.5. on board, increasing their importance in total land-




230 A.C. Milessi et al. / Fisheries Research 74 (2005) 223-231

ings Milessi and Defeo, 2002Unfortunately, current

which are very vulnerable to fishing{evens et al.,
2000.

Results of this study can be considered as indicators
of fishery-induced impacts on the community struc-
ture of commercial fish species in Uruguayan waters
of the AUCFZ. Although it is not possible to project

Caddy, J.F., Csirke, J., Garcia, S.M., Grainger, R.J.R., 1998. How
management programs do not consider these species,

pervasive is fishing down marine food webs? Science 282,
1383-1385.

Christensen, N.L., Bartuska, M., Brown, J., Carpenter, S., D’Antonio,

C., Francis, R., Franklin, J., MacMahon, J., Noss, R., Parsons,
D., Peterson, C., Turner, M., Woodmansee, R., 1996. Report
of the Ecological Society of American Committee on the sci-
entific basis for ecosystem management. Ecol. Appl. 61, 665—
691.

Cortes, E., 1999. Standardized diet compositions and trophic levels
our results to the whole ecosystem, the observed trends P P

of sharks. ICES J. Mar. Sci. 56, 707-717.

are indirect evidence of ecosystem deterioration causedpefeo, 0., Gmez, M., Abdala, J., Medero, R., 1994. Planifiéaci

by the fishing process, even though our analysis does
not consider the aggravating effect of a decline in TL
due to a fishing-induced reduction in the mean size
of individual species, a situation already confirmed
for some species in Uruguayan watehgiléssi and
Defeo, 2002 Therefore, the observed decreasein TLm
is probably underestimated.

It is concluded that FDMFW is a process that has
affected the community structure of the commercially

de actividades pesqueras en base a recursos subexplotados de
Zona Confin de Pesca Argentino—Uruguaya. Fr. Mar. (Uruguay)
15, 165-172.

a

Defeo, O., Masello, A., 2000. La pesqigrde cangrejo rojo

Chaceon notialisen el Uruguay: un enfoque de manejo pre-
cautorio (1995 y 1996). In: Recursos Pesqueros no Tradi-
cionales: Moluscos, Crusteos y Peces Benticos, Marinos,
Proyecto, URU/92/003. ISBN 9974-563-16-X, pp. 7-22 (avail-
able inhttp://www.dinara.gub.uy/publicaciones

DINARA, 2001. Informe Sectorial Pesquero 200—-2001, Montevideo,

p. 63.

exploited species in Uruguayan waters of the AUCFZ, Fao, 2001. Reykjavik conference on responsible fisheries in the

as indicated by the significant decreasing trend in TLm.
Considering that FDMFW could be revealing fishing

marine ecosystenhttp://www.refisheries2001.o(ébstracts 13
pp.).

impacts on the trophic structure of this ecosystem, FAQ:2002. Estarticas mundiales de pesuip://www.fao.org

we suggest that the goal of management programs
and biological-fishing studies in the Uruguayan waters

Froese, R., Pauly, D. (Eds.), 2000. FishBase: Concepts, Design and

Data Sources. ICLARM, Los Bms, Laguna, Philippines, 344
pp.

should be to reverse this trend in the long-term using a Gofi, R., 1998. Ecosystem effects of marine fisheries: an overview.

ecosystem-based approach.
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