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The effcct of the number of years over which catch 
variability is calculated was determined for different fis11 
species/genus in different FA0 subareas (Atlantic, Pacific, 
Mediterranean) for the 1970-1991 period. Overrill, 109 spccies/ 
subarea catch series, making up more than 40% of the annual 
world marine catch, were analvzed. The results indicated that 
for the vast majority of the catch series, variabilit!~ increases 
with the length of time over which it is calculated. The 
increasing variability with time indicates that most of the 
species/subarea catches show long-term trends and, hence, 
'reddened' spectra. As a result, fishery managers anci scientists 
are confronted with variables that do not explore quickly their 
size limits but rather wander and reach new extreme values 
continuallv. Such a. pattern suggests that there is not any 
equilibrium yield, though the latter is at the basis of most 
models presentlv used for fisheries management. Tlie results 
also indicated that between-species/genus variability is 3 

function of species' life history. Moreover, the results revealetl 
that within-species/genus, variability is higher in the four major 
upwelling areas of the world, especially in the Peruvian one, 
and lower in the Mediterranean Sea. Within-species/genus, 
differences in variability (i.e., spatial) are found to be a function 
of the community/ecosysteni characteristics of the marine 
region of concern. 



La variabilité des captures en fonction du temps (nombre d'années 
considérées) a été déterminée pour différentes espèceslgenres de poissons 
dans différentes sous-zones FA0 (Atlantique, Pacifique, Méditerranée) pour la 
période 1970-1991. Globalement, 109 séries de capture par espècelsous- 
zone, réalisant plus de 40 % des captures marines annuelles mondiales, 
furent analysées. Les résultats indiquent que pour la grande majorité des 
séries de capture la variabilité s'accroît avec la période de temps considérée. 
La variabilité croissante avec le temps indique que la plupart des captures 
d'espèceslsous-zones présentent une tendance à long terme e t ,  par 
conséquent, un spectre « rouge ». Un premier résultat est que les aménageurs 
et  les scientifiques sont confrontés à des variables qui n'explorent pas 
rapidement leur limite extrême, mais au contraire se promènent entre des 
bornes sans cesse fluctuantes. Un tel pattern suggère qu'il n'existe pas 
d'équilibre, qui constitue cependant la notion fondamentale de la plupart des 
modèles présentés en aménagement des pêches. Les résultats indiquent 
aussi que pour les mêmes espèceslgenres, la variabilité est plus grande dans 
les quatre grandes zones d'upwelling mondiales, principalement au Pérou ; et 
plus faible en Méditerranée. Pour les mêmes espèces/genres, les différences 
observées dans la variabilité (c'est-à-dire spatiale) apparaissent comme une 
fonction des caractéristiques de la communauté/écosystème d e  la région 
marine considérée. 

Pimm and Redfearn (1988) showed that the variability of a simulated 'red' population density series, formed by 
summing sine waves with random phases and amplitudes that increase linearly with period, differs greatly from tlie 
variability of a simulated 'white' population density series, formed by choosing densities randomly with uniform probability 

over the same range as those densities in the 'red' model. Pimm and Redfearn (1988) showed that for the 'red' series! 
variability increases with an increase in the length of period over which variability is estimated. Consequently, Pirririi antl 
Redfearn (1988) estimated the standard deviation of logged catch (SDL) of the abundance of 42 farmland bird species, 
32 woodland bird species, 22 other bird and mammal species and four insect species over different tinze periods (Le., 2,4, 
8 and 16 years for the first two groups and 2, 4, 8, 16, 32 and 50 years for the last two groups). They fountl that SDL 
increases with the length of rime over which it is calculated for al1 groups with the exception of insects for \vliich SDL 
leveled off at very long periods (>8 years). Fisheries catches are generally highly variable. Caddy and Gulland (1983) 
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distinguished empincally four classes of fisheries in terms of pattern of their species catch variability: steady-state, cyclical, 
irregular and spasmodic fisheries and similar classification was provided by Kawasaki (1983). In addition, it is well known 
th,it the major upwelling areas of the world sustain some of the most productive and irregular fisheries (Bakun, 198 5). Yet, 
th'-se and related issues of fish catch vanability have not so Far been approached quantitatively. 

In the present study, the effect of the number of years over which catch variability is calculated as well as between-species 
and within-species variability were determined for a variety of species in different FA0 subareas (Atlantic, Pacific, 
Mtiditerranean). The following species/genus were considered: Engraulis spp., Dachurus spp., Sar-dinops spp., Sco~nbei, 
jai'onicus and Merluccius spp. (the main species found in the four major upwelling areas of the world: Bakun, 198 5) as 
wt,ll as Sardinella spp., Sardina pilchardus, Mallotus villosus, Scoilzber spp., Clupea spp., Micr-onzesistius poutassou, 
Pll?uronectes platessa, Hippoglossoides platessoides, Gadus spp., Ther-agra chalcogranznza, Thunrzus albacmes, 
k2zîsutuonuspelamis, Xiphias gladius and Elasmobranchii. The above mentioned species make up more than 40% of the 
anlual world marine catch. 

1. MATERIAL AND METHODS 

Data was extracted using FISHSTAT-PC (FA0 Fisheries department, Release 19934 April 1993). Ovenll, 109 species 
pe-  FAO-subarea catch records, referring to the 1970-1991 period, were analyzed. Catch records of species/subarea 
intluding many zero values were not taken into account. Scientific names of species are according to FA0 Bulletins. The 
mc i-hodology used has been described by Pimm and Redfearn (1988). The measure of variability (standard deviation of 
logged catch: SDL) and time scales over which SDL was calculated were both selected such that the results pi-esentecl here 
coiild be directly comparable with those of Pimm and Redfearn (1988). For al1 species/subarea catch records analyzed, 
SDL was calculated over 2,4, 8, 16 and 22 years (le., the maximum penod available) and calculations refer to nested data 
( i . ~  , first two years, first four years, etc.). 

The results indicated that for the majority of species/subarea catches analvzed, variability increases with the length of 
timi: over which it is calculated (Tables 1 and 2; Fig. 1). Hence, the slopes of the regressions between SDL and time period 
ovc-r which SDL was calculated, were significantly (P<0.05) different from zero and positive for 63 (58%) species/subarea 
catches when only 2 ,4 ,8  and 16 years were considered (i.e., 4-point regressions) as well as when regressions also includecl 
SDI. calculated over the total period (Le., 22 years, j-point regressions; Table 1). Overall, slope values were negritive for 
five species/subarea catch senes (4-point regressions: Katsutuonuspelamis in SW and SE Pacific and Xiphiasglaclius in SE 
Pac fic; 5-point regressions: Katsutuonus pelamis pelamis in SW and SE Pacific and Xiphias gladius in SE Pacific; 5-point 
regïessions: Katsutvonus pelamis in SW Pacific and Thunnus albacares in NW Pacific: Table 1). The arithmetic values of 
the slopes (excluding the negative ones) ranged from 0.0024 to 0.0590, for the 4-point regressions, and from 0.0016 to 
0.1>00, for the 5-point regressions (Table 1). 



Species FA0 Subarea 2 4 , 8 1 6 )  (2,q,6,8,16.22) 

Engrnulis anchoita 
Engraulis capensis 
Engraulis encvasiculus 
Engraulis encrasicirlus 
Engraulis encrnsiculus 
Engraulis japoninis 
Engraulis lliordm 
Engraulis nngens 
iV1erlziccius bilinearis 
:tl.capensis, M.paradox 
~Merluccius g q i  
,VIerluccius hubbsi 
:Ilerluccius nrerluccius 
~V1erluccius ii~erluccius 
~lerluccius ~~ierluccius 
:1.lerluccius productus 
,Werluccius senegalensis 
Scirdina pilchardus 
Sardina pilchardus 
Sardina pilchardus 
Sardinella aurita 
Sardinella aurita 
Sardinella brasiliensis 
Scirdinella gibbosa 
Sardinella laiiuni 
Sardinella lnaderensis 
Sarn'inops caeruleus 
Sardinops  elano an os tic tus 
Sardinops ocellatus 
Sardinops sagm 
Sconiber japonicus 
Scoinber jnponicus 
Scolilber japonicus 
Scon~ber japonicus 
Scoli~ber japonicus 
Scolnber japonicus 
Sconrber japoiiicus 
Scolnber japonicus 
Scoli~ber japonicus 
Scowrber spp. 
Trachunrs capensis 
Trachunrs japonicus 
Tracbutus nrurphj'i 
Trachurus picturatus 
Trachurus yilriizehicus 

r b r  
Atlantic, Soiitliwest 0.46 - 0.32 
Atlantic, Soiitheast 0.73 - 0.89 
Atlantic, Northeast 0.93 0.015 0.91 
Atlantic, Eastern central 0.95 0.007 0.96 
Mediterranean 0.94 0.0032 0.96 
Pacific,Northwest 0.94 0.004 0.95 
Pacific, Eastern central 0.92 0.008 0.95 
Pacific,Soiitlieast 0.88 0.031 0.82 
Atlantic, Northwest 0.95 0.016 0.88 
Atlantic, Southwest 0.96 0.009 0.96 
Pacific, Southeast 0.91 0.015 0.88 
Atlantic, Soutliwest 0.93 0.013 0.89 
Atlantic, Eastern Central 0.52 - 0.41 
Atlantic, Northeast 0.49 - 0.62 
Mediterranean 0.95 0.007 0.95 
Pacific, Northeast 0.96 0.009 0.98 
Atlantic, Eastern Central 0.71 - 0.69 
Atlantic, Eastern Cenral 0.57 - 0.6 5 
Atlantic, Northeast 0.47 - 0.42 
Mediterranean 0.99 0.0044 0.98 
Atlantic, Eastern Central 0.93 0.0198 0.95 
Atlantic, Western Central 0.81 - 0.89 
Atlantic, Southwest 0.61 - 0.86 
Pacific, Westen Central 0.94 0.014 0.92 
Pacific, Western Central 0.96 0.0175 0.94 
Atlantic, Eastern Central 0.94 0.0341 0.96 
Pacfic, Eastern Central 1 0.0197 0.98 
Pacific, Northwest 0.93 0.0324 0.87 
Atlantic, Soutlieast 0.93 0.022 0.92 
Pacific, Southeast 0.92 0.0496 0.86 
Pacific, Northa7est 0.98 0.004 0.97 
Atlantic, Soutlieast 0.97 0.013 0.96 
Atlantic, Northeast 0.98 0.017 0.9 
Pacific, Eastern Central 0.99 0.059 0.95 
Aitantic, Southwest 1 0.018 0.94 
Pacific, Western Central 0.98 0.018 0.95 
Atlantic, Western Central 0.23 . 0.1 
Atlantic, Eastern Central 0.9 0.007 0.94 
Pacific, Southeast 0.87 0.022 0.76 
Mediterranean 0.98 0.0078 0.98 
Atlantic, Southeast 0.82 - 0.7 
Pacific,Northwest 0.89 0,008 0.89 
Pacific, Southeast 0.98 0.03 0.97 
Atlantic, Southwest 0.72 - 0.7 
Pacific, Eastern Central 0.61 - 0.82 

min max niean 
10137 41100 20565 

Table 1 (to be continued on next two pages): Minimum, maximum, mean and (maximum/minimum) ratio values 
of the 107 species/FAO-çubarea catches over the 1970-1 991 period examincd in the present study together with 
the correlation coefficient (r) and the slope (b) values of the regressions of SDL versus the length of period for 4 
data points (i.e., 2, 4, 8, and 16 years) and 5 data points (Le., 2, 4, 8, 16 and 22 years). Slopes not shown were 
not significantly different from O (Pz0.05). 
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Species FA0 Siibarea ( 2 , 4 , 8 , 1 6 )  (2,4,6,8,16,22) 
r b r b min m a  mean mau/rnin 

Trtrchums trachums Atlantic, Eastern Central 0.7 - 0.57 - O 3118 846 - 
Trachums trachums 
Trt~chums trecae 
Trtichums spp. 
Cli peu harengus 
Clupea harengus 
Cli!pea pallasii 
Clilpeu pallasii 
MG lloius vilIosis 
hf~:lloius villoms 
ML llotus villosus 
Mi:.rontesistius poutmou 
PIE lrronectes platessa 
Hij~poglossoides platessoides 
Grirlus lnorhua 
Gridus l~orhua 
Gridus ntacrocephalus 
Gt~~ius nlacrocephalus 
Thtrragra chalcograninia 
Thcragra chalcograntnta 
Ka.J-uwonus pelaniis 
Ka;mwonus pelantis 
Ka;~uuionus pelantis 
Kaïwtuonus pelantis 
Ka,::uiuonus pelaniis 
Ka, ::utuonus pelaniis 
Kaisuwonus pelamis 
Karsutuonus pelantis 
Kal::uulonus pelamis 
Kaizufuonus pelaniis 
Ka~::uwonus pelantis 
Kai:wtuonus pelaniis 
Thzrnnus albacares 
Thiinnus aibacares 
Thirnnus albacares 
Thiinnus albacares 
Thunnus albacares 
Tbirnnus albacares 
Thi i nnus albacares 
Thir nnus albacares 
Th~!rinus albacares 
Thi~nnus albacares 
Th1 ! n n u  albacares 
Xipbias gladius 
X@bias gladius 
Xipbias gladius 
X$ bias gladius 
XipSias giadius 

Atlantic, Northeast 0.93 0.008 0.1 
Atlantic, Southeast 0.32 - 0.35 
Mediterranean 0.93 0.0055 0.88 
Atlantic, Northwest 0.95 0.0122 0.85 
Atlantic, Northeast 0.91 0.0092 0.85 
Pacific, Northwest 0.99 0.0177 0.96 
Pacific, Northeast 0.74 - 0.76 
Atlantic,Nortliwest 0.39 - 0.22 
Atlantic, Northeast 0.78 - 0.89 
Pacific, Northwest 0.97 0.02258 0.98 
Atlantic, Northeast 0.98 0.032 0.93 
Atlantic, Northeast 0.99 0.003 0.95 
Atlantic, Northwest 0.91 0.0027 0.96 
Atlantic, Northwest 0.73 - 0.65 
Atlantic, Northeast 0.95 0.0024 0.96 
Pacific, Northwest 0.96 0.0086 0.98 
Pacific, Northeast 0.55 - 0.75 
Pacific, Northwest 0.28 - 0.37 
Pacific, Northeast 0.5 - 0.6 
Atlantic, Northeast 0.92 -0.0133 0.87 
Atlantic, Western Central 0.99 0.0233 0.92 
Atlantic, Eastern Central 0.79 - 0.88 
Atlantic, Soiithaest 1 0.0529 0.97 
Atlantic, Soiitheast 0.97 0.0232 0.98 
Indian Ocean, Western 0.97 0.012 0.97 
Indian Ocean, Eastern 0.95 0.0147 0.95 
Pacific, Northwest 0.2 0.38 
Pacific, Western Central 0.95 0.0071 0.98 
Pacific, Eastern Central 0.84 - 0.75 
Pacific, Soiithwest 0.98 -0.0399 0.99 
Pacific, Soiitheast 0.7 - 0.72 
Atlantic, Western Central 0.99 0.0163 0.88 
Atlan~ic, Eastern Central 0.82 - 0.63 
Atlantic, Soiithwest 0.83 - 0.72 
Atlantic, Soiitheast 0.86 - 0.78 
Indian Ocean, Western 0.99 0.0134 0.99 
Indian Ocean, Eastern 0.83 - 0.73 
Pacific, Northwest 0.76 - 0.9 
Pacific, Western Central 0.99 0.0095 0.95 
Pacific, Eastern Central 0.2 - 0.83 
Pacific, Southwest 0.43 - 0.45 
Pacific, Soiitheast 0.69 - 0.9 
Atlantic, Northwest 0.82 - 0.83 
Atlantic, Northeast 0.97 0.0085 0.99 
Atlantic, Western Central 0.94 0.0156 0.93 
Atlantic, Eastern Central 0.99 0.0079 0.99 
Atlantic, Soiithwest 0.82 - 0.52 



Xiphias gladius Atlantic, Southeast 0.92 0.0106 0.96 0.139 317 9308 2145 29.4 
Xiphias gladius PaciBc, Northwest 0.73 - 0.63 - 5574 10839 8483 1.9 
Xiphias gladius PaciBc, Western Central 0.91 0.0057 0.94 0.0051 1931 4997 3281 2.6 
Xphias gladius Pacilc, Eastern Central 0.77 - 0.54 - 2697 8463 5474 3.1 
Xiphias gladius Pacific, Southwest 0.81 - 0.75 383 1865 1091 4.9 
Siphias gladius Pacific, Southeast 0.96 -0.0131 0.34 - 500 8403 2177 16.8 
Ela~iiobrnnchii Atlantic, Northeast 0.91 0.0286 0.93 0.023 895 14200 6183 15.9 
Elas~irobranchii Atlantic, Western Central 0.99 0.0116 0.98 0.0097 3100 17642 9229 5.7 
Elm~~obranchii Atlantic, Eastern Central 0.86 - 0.58 - 14544 32942 23876 2.3 
Elasiitobranchii Atlantic, Southwest 0.71 - 0.71 - 2300 29864 16635 13 
Elasi~robranchii Atlantic, Southeast 0.32 0.0149 0.88 0.0102 1230 9538 3683 7.8 
Elasnlobranchii PaciBc, Northwest 0.87 - 0.92 0.0023 54834 96888 80602 1.8 
Elasi~~obranchii Pacific, Western Central 1 0.0066 1 0.0065 19900 53317 33033 2.7 
Elasl~robranchii Pacific, Eastern Central 0.92 0.0062 0.92 0.0048 9430 22218 15813 2.4 
Elas~~robranchii Pacilc, Soiithwest 0.5 - 0.83 1800 7601 3860 4.2 
Elasniobranchii Pacific, Southeast 0.93 0.0076 0.9 0.0088 300 3255 1652 10.9 

Table 1 (concluded). 

For the different species/genus considered in the present study, the percentage of catch/subarea for which SDL increases 
over the different time periods examined ranged between 55% and 100%, with the following exceptions (a) il.le1.1uccius 
spp., Sardinapilchardus, Sardinops spp., Scomberjaponicus and Clupea spp. for the 16- versus 22-year comparison, for 
which the percentage ranged between O and 44%; and (b) Tracbu?-us spp. and Mallotus villosus for the 8- versus 16-year 
comparison, for which the percentage was 38 and 33%, respectively (Table 2). Overall, 78% of the total species/subarea 
catch records showed an increase in SDL from 2 versus 4 years, 75% from 4 versus 8 years, 76% from 8 versus 16 years and 
j7% from 16 versus 22 years (Table 2). The percentages for the successive changes in SDL in the first three time periods 
were generally higher for the relatively small-sized pelagic and demersal species (Engraulis spp., Sal-dinops spp., 
Sardinella spp., Sardina pilchardus, Mallotus villosus, Clupea spp., Scomber spp., Trachurus spp., Merluccius spp. and 
'other') than for the relatively large-sized pelagic and demersal ones (Gadus spp., Thunnus albacares, Katsuu~onus 
pelamis, Xiphias gladius and Elasmobranchii). The opposite was true of the percentages of catch records showing 
changes in SDL from 16 to 22 years (Table 2). 

Al1 regressions between the mean SDL of the catches of each genus/species over the different subareas and time period 
over which SDL was calculated, had positive slopes, significantly (P<O.Oj) different from zero with the only exception of 
Mallotus villosus (Fig. 1). However, when the catch record of Mallotus villosus in the NE Atlantic was extended back to 
1918 (72 years; data from Stergiou (1984)), SDL was found to increase linearly with time over al1 time scales (Fig. 1). \%%en 
the logged slopes of the 4-point mean-SDWtime regressions per species/genus (shown in Fig. 1) were regressed against 
the logged maximum body size per species/genus (Fig. 2), the resulting regression had a negative slope significantlv 
(P<O.O j) different from zero. 

The mean slope of al1 4-point SDL-time regressions (Table 1) was higher in the four major subtropical eastern boundan 
regions (FA0 subareas: eastern-central and SE Pacific and Atlantic, corresponding roughly to California, Peiu, Canaiy and 
Benguela upwelling regions) than in non-upwelling ones (0.0198+-0.0031 and 0.0141+-0.0017, respectively) but the 
difference was not significant (t-test, P>O.Oj). 
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2 4 8 16 Size 
Species N versus versus uersus versus Ca tego? 

- 4 8 16 22 

- Number 
Sa idinops 4 3 4 4 1 siilal1 
Sc: :~m ber, japonicus 9 9 7 9 4 siiiall 
Tr:rchurus 8 6 8 3 5 sinall 
Su idinella 6 5 5 4 6 small 
Sudina pilchardus 3 2 7 2 1 srii:ill 
Cl:~pea 4 3 3 4 O siiiall 

8 6 6 8 Er,graulis > siiiall 
Mt ~rluccius 9 6 6 7 3 siiiall 
,441 rllotus villosus 3 3 3 1 2 small 
0iIiel"' 7 6 7 7 5 s111aIl 
Tl~unnus albacares 11 11 7 8 6 large 
Xij~hiasgladius 11 6 6 6 7 large 
Gl !,dus 4 4 3 3 3 large 
Kfi tsuzvonus pelanzis 12 9 9 8 8 large 
El:ismobranchii - 10 6 6 9 6 large 

Percentages 
Su idinops - 75 100 100 25 siiiall 
Scl)mb. japonicus - 100 78 100 44 s~iiall 
Tr,:fchurus - 75 100 38 63 sriiall 
Sa r.dinella - 83 83 67 100 siiinll 
Sa rdina pilchardus - 67 67 67 33 s~iiall 
C1,ipea - 75 75 100 O siiiall 
Engraulis - 75 75 100 63 siiiall 
Mi"rluccius - 67 67 78 33 siiiall 
Mrrllotus villosus - 100 100 33 67 siiiall 
Ot tier* - 86 100 100 7 1 siiiall 
Thi,rnnus albacares - 100 64 73 55 large 
Xiphias gladius - 55 55 55 64 large 
G~dus  - 100 75 75 75 large 
Kalsuzvonus pelamis - 75 75 67 67 large 
El:.smobranchii - 60 60 90 60 large 
Total 109 85 82 83 62 botli 
% .:if Total 100 78 75 76 57 botli 
Total 1 61 49 5 1 49 32 siiiall 
% - 80 84 80 52 siiiall 
To ta1 2 48 36 3 1 34 30 large 
% - - 75 65 7 1 63 l;ir,ge 

a) ::onsisting of Micromesistius poutassou, Pleuronectes platessa, Hippoglossoides platessoides and Theragra 
ch,~Icogramma. 

er and percentages of species/FAO-subarea catches for which SDL increases were examined over 
diflerent tirne periods. 
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The results indicated that for the majority of species/subarea catches analyzed, variability increases with the length of 
time over which it is calculated. The increasing variability with time indicates that most of the specieshubarea catches 
examined here exhibit long-term trends and, hence, 'reddened' spectra. In other words, fishery managers and scientists 
are confronted with variables that do not explore quickly their size limits but rather wander and reach new extremes. Tlie 
results have important implications which were stressed by Pimm and Redfearn (1988) for terrestrial populations and are 
directly applicable to fisheries. Such a pattern in fish catch variability suggests that there is no 'equilibrium yield', even 
though they are assumed by most models presently used for fisheries management; steady yield seems to be the exception 
rather than the mle (Caddy and Sharp, 1986; Hilborn and Walters, 1992). Yet, long-term trends and cycles in commercial 
catches can be incorporated into various fishery models (Taylor and Prochaska, 1984). 

The negative relationship between variability and body size most probably indicates that between-specieslgenus variability 
is a function of species' life history (Le., trophic position in the food web, natural rate of population increase and narural 
mortality, al1 of which are size-related processes (Kawasaki, 1983; Caddy and Sharp, 1986; Pimm, 1991). This is consistent 
with the results of Warner et al. (1994) who, after estimating the Hurst exponent for a variety of terrestrial and aquatic 
population series, found a significant (P<0.003) negative correlation between the values of the Hurst exponent and 
species' body size. It is worthy to point out that the degree of risk accepted by fishery managers tend to be generally 
higher for small-sized rather than large-sized fish species. 

Fig. 4: Box-Whiskers plots of the slopes of the SDL-time 
regressions for the major upwelling fish species as well as 
their non-upwelling counterparts occurring in sirnilar 
latitudinal zones (i.e., Engraulis spp., Trachurus spp., 
Sardinops spp . ,  Scornber s p p . ,  M e r l u c c ~ u s  s p p . ,  
Sardinella spp. and Sardlna pilchardus), in four different 
ecosysterns: non-upwelling areas (NE, SE, western- 
central, NW Atlantic and Pacific); Peruvian upwelling 
( F A 0  subarea: SE Pacific); rernaining major upwelling 
areas (FA0 subareas: eastern-central Pacific and eastern- 
central and  SE Atlantic, corresponding roughly to  
California, Canary and Benguela upwelling regions); and 
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It is interesting to compare the results presented here with those of Pimm and Redfearn (1988). The slope values of the 4- 
point SDL-time regressions of the 94 farmland and woodland bird and mammal species (estimated by the present author 
from Pimm and Redfearn's (1988) data) ranged between 0.003 (logged value = -581) and 0.008 (logged valued = -4.83) 
whereas the slope value of the four insect species was 0.026 (logged value = -3.65) (Fig. 2),  a fact indicating tliat the 
former are ecologicaiiy equivalent, in terms of variability, to small-sized fish and the latter to large-sized ones. 
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Catch variability differs between regions in the following order: Peruvian upwelling > other upwelling areas > non 
up\velling Atlantic and Pacific areas > Mediterranean. This suggests that in the case of within-species/genus, spatial 
diffzrences in variability are a function of the community/ecosystem characteristics of the marine region in concern, such as 
the trophic potential and complexity of the food web (i.e., primary production and number of trophic levels) and the 
enrironmental dynamics affecting community characteriitics. Indeed, the four major upwelling ecosystems are generally 
cor trolled by similar environmental dynamics and inhabited by similar communities of exploited fisheries stocks that most 
prcbably have adapted to similar environmental/community characteristics (Bakun, 1985, 1990). Yet, the Peruvian upwelling 
region is characterized, when compared with the rernaining major upwelling areas, by: (a) a longer effective up~velling 
period, Le., more or less throughout the year; (b) more intense effect of ENS0 events (Mann and Lazier, 1991); and (c) the 
higzest fishery catch densities (Cury, 1995; Faure and Cuq?, this vol.). In contrast, there is a pronounced oligotrophy in the 
surice waters of the Mediterranean S a ,  especially so in its eastern part (Aegean and Levantine Seas) because of the low 
nuiiient concentration in the trophogenic layer. 'The latter is attributed to: (a) the lack of significant upwelling areas, 
resillting to upwelling of 'new' nutrients from deep waters in the euphotic zone, the key to high biological productivit!r; (b) 
the relatively small amounts of discharge from land; and (c) the fact that in the Mediterranean Sea, where total evapoiation 
exc::eds precipitation and river runoff (Hopkins, 1978), the conservation of mass and salinity is maintained by the balance of 
a nto-layer flow through the Strait of Gibraltar: surface, nutrient-poor Atlantic waters inflow in the upper Iqer whereas 
Metliterranean deeper waters outflow in the lower layer. In addition, in the Mediterranean Sea, especially in the south- 
eas:ern part, the importance of picoplankton increases, a fact which presumably increases the number of tropllic levels and, 
her.i:e, may limit the potentiai production at higher trophic levels (Azov, 1991). As a result of this, the Mediterfanean Sea is 
chaiacterized by a low fish catch density (1.4 t h 2  of continental shelf), which is many times lower than that in upwelling as 
well as some other non-upwelling ones areas (Stergiou and Christou, this vol.). The low trophic potential of the 
Mediterranean sets an upper limit in the carrying capacity of the region and, hence, in the level of the catch variability of a 
givcn species at a given time (Le., lower maximum slope values: Fig. 3 and 4). 

Tht.re remain the questions of whether catch trends reflect abundance trends of similar scales and of what causes trends in 
fish catches. With respect to the first question, one rnay assume that fish abundance may exhibit trends similar to those of 
the a catches for the following reasons: (a) although zero catches do not imply zero abundance (e.g., closed fisheries, 
im~lossibility to completely fish out a population/species from a given geographic area), annual catches are usually smaller 
thaii biomasses; (b) al1 or most species examined here have been traditionally fished in most FA0 subareas and, since 
catc,hes refer to years following 1970, one may assume that most of the fisheries examined were not in the initial stage of 
dev::lopment, at which catch is not related to abundance (Hilborn and Walters, 1992); and finally, (c) many of the catch 
series used here possibly reflect, at least to a certain extent, management measures that were set based on forecasted 
abundance level. 

Wit!~ respect to what causes trends in fish catches, climate, predation and its special form of fishing, species' dynamics and 
lie-tiistory, managerial decisions, economic and social factors may ail, in a synergetic dynamic fashion, affect fisheries catches 
(Caidy and Sharp, 1986; Hilborn and Walters, 1992). The effect of  climate cannot be distinguished from that of fishing 
inamuch as fisheries managers will tend to respond to catch declines by assuming that fishing is the main factor and, hence, 
borli effecrs will be reflected in catch records (Hilborn and Walters, 1992). However, it is worthy to mention that the fact that 
the majority of the catch records examined in the present study are characterized by 'reddened' spectm, as is also true of 
marine physical parameters (Steele, 1985), probably reflects the effect of the such parameters on fish catches. 
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