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Philippines

ABSTRACT

Some major latitudinal trends in the physiology, population dynamics and ecology of flatfish are illus-
trated, and related to their ultimate cause: temperature-mediated difference of metabolic rate. The
niche of tropical flatfish is then defined with some emphasis on Psettodes erumei in the Gulf of Thai-
land, and a hypothesis is derived to explain the generally low observed biomass-and hence recruit-
ment of tropical flatfish. It is stated that flatfish are overadapted to feeding on zoobenthic in- and
epifauna. In combination with a trend of decreasing importance of the benthic system towards the
tropics, this suggests an increasing importance of food-limitation with decreasing latitude and as a
consequence lower biomass values. Furthermore, the general increase of maintenance metabolism
with temperature reduces in tropical systems the size of flatfish at which oxygen limits further growth.
This aspect is responsible for the general trend of a smaller flatfish size with decreasing latitude.
Finally, implications for future flatfish research are discussed.

1. INTRODUCTION

Flatfish occur throughout most of the world, from Arc-
tic to equatorial shelves, but they do not reach further
than 60. south. The global distribution of their families
and species reveals an interesting pattern (Norman,
1934; Nelson, 1984; Eschmeyer, 1990):
1. Few, but very abundant species support substan-
tial fisheries in the northern temperate/boreal waters.
2. Many species, and low biomasses are found in
tropical waters, where very few, if any, directed fisher-
ies for flatfish exist.
3. Very few species, and low biomasses are present
in the high southern latitudes up to 60., and there is
no directed fishery (Kock, 1992).

This distribution immediately raises the question
whether these patterns are caused by differences in
the recruitment strategies of flatfish throughout their
ranges.

The obvious approach would be to compare time
series of recruitment, and to test them for difference
in structure, as done e.g. by Shelton (1992) based on
the database of recruitment time series assembled by
Myers et al. (1990, 1994). However, the problem is
the lack of time series (VPA-based or otherwise) of
tropical flatfishes. There are no time series of recruit-
ment, and not even of (single species) catch or catch/
effort. An exception is the (research survey) catch/
effort data for Pseffodes erumei from the Gulf of Thai-
land, covering the years 1963 to 1982, during which
the Gulf of Thailand trawl fishery went through major
changes (Longhurst & Pauly, 1987).
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Therefore, the question whether recruitment strate-
gies in flatfish differ throughout their range can only
be addressed indirectly, with reference to 'first princi-
ples' and by dealing with the relative magnitude of
recruitment between different groups of flatfish
throughout their range. This approach, which con-
trasts with direct comparisons of time series, i.e. stud-
ying the temporal variability of recruitment in different
stocks, is an unavoidable aspect of recruitment stud-
ies in most tropical settings (Pauly, 1986).

2. THEORETICAL FRAMEWORK

2.1. METABOLISM AND GROWTH

Organic life is precarious, being based on proteins
which tend to be denaturated by thermal noise
(SchrOdinger, 1944). Such spontaneous denatura-
tion, requiring incessant resynthesis of body material
and leading to each protein having its specific half-
life, ranging from hours to months, is the ultimate rea-
son why heterotrophs such as flatfish must eat, even
when they do not grow.

Synthesis of body substances requires food and
oxygen in heterotrophs. Oxygen must be extracted
from water, and diffused through a membrane (the
gills) before it can be of any use for metabolism. In
growing fish, oxygen supply per unit weight will
decrease, since gills as a surface are, for reasons of
geometry, not capable of growing as fast as the vol-
ume they must supply.Therefore, in large fish oxygen
supply will be the major factor limiting growth (Pauly,
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Fig. 1. Schematic illustration of the relationship between rel-
ative oxygen supply (i.e., gill area/body weight) and body
weight in fish, showing how growth is ultimately limited by
metabolism. A. a cold water flatfish (e.g., Greenland halibut)
reaching a large (asymptotic) weight; B. a similar fish (e.g.,
Queensland halibut), but exposed to higher temperature,
requiring more oxygen for routine metabolism, with less
available for growth, and hence remaining small. The graphs
can also be used to explain sexual growth dimorphism, with
'quiet' female in A, and 'restless' males in B.

1979a). As soon as oxygen supply is equal to the
maintenance requirements, growth will cease (Fig. 1).

Metabolism in fish is directly related to tempera-
ture. Fig. 2 shows the relationship between oxygen
consumption and temperature in 12 species of flat-
fish, based on 271 metabolic records from the
OXYREF database incorporated in FishBase (Pauly
& Froese, 1991; Froese & Pauly, 1994). This relation-
ship illustrates the high oxygen consumption of tropi-
cal flatfish. The increased maintenance metabolism
at higher temperatures in tropical flatfish reduces the
ultimate size of the flatfish at which oxygen limits fur-
ther growth. Therefore, cold-water flatfish should gen-
erally reach larger sizes than warm-water flatfish
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(Delsman & Hardenberg, 1934; Pauly, 1978, 1979a).
In Table 1, data on a cold-water flatfish species,
Greenland halibut, are compared with a warm-water
species, Queensland halibut.

2.2. REPRODUCTION

Increasing temperatures not only reduce asymptotic
lengths (Leo)' but also mean length at first maturity
(Lm), leading to a near consistency of the L,r!Leoratio,
the 'reproductive load' of Cushing (1981). Pauly
(1984) presents a mechanism to explain this phe-
nomenon, based on the assumption that in all fish,
including flatfish, the ratio between oxygen supply
near first maturity and oxygen supply at maintenance
level is constant. This mechanism also accounts for
the fact that all flatfish females grow to much larger
size than males, in spite of their much higher produc-
tion of gametes, a fact which contradicts much of cur-
rent theory on resource allocation between somatic
and gonad growth. Details are provided in Pauly
(1994), based on Pauly (1984) and Longhurst &
Pauly (1987).

From considerations of geometry, it follows that
besides adult size, also fecundity will be affected by
temperature. This is elegantly formulated by Beverton
& Holt (1957, p. 61): 'Since eggs are produced from
the germinal epithelium, it might be expected that the
number produced by a fish during a spawning season
would be roughly proportional to the area of that epi-
thelium. Now, if the ovary was a simple bag growing
isometrically with the rest of the body, and provided
also that the size of the eggs did not vary with that of
the fish, fecundity would then be proportional to the
two-thirds power of the body weight. Although con-
stancy of egg size seems to be a feature of marine as
opposed to freshwater fish, usually the germinal epi-
thelium is so highly convoluted that it completely fills
the ovary: in such cases fecundity would be expected

TABLE 1
Comparison of some key features of two generalized pisciv-
orous flatfish, Greenland halibut (Reinhardtius hippoglos-
soides) and Queensland or Indian halibut (Psettodes
erume/).

features units Greenland Queensland
hafibuta hafibutb

egg diameter mm 4.0-4.5 0.8-1.2

a. from Muus & Dahlstrom (1974) and Chugonova (1963).
b. from Pradhan (1969) and Ramanathan & Natarajan
(1979).

maximum length cm 120 60
length at first maturity cm 60-70 35-45
age at first maturity year 9-10 1

longevity year 30 4-6

habitat temperature 'C 3-5 25-30
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to be proportional to body weight itself'. Therefore,
ripe ovary of tropical flatfish should contain fewer
eggs. This constraint can be compensated by either
smaller eggs or a more frequent spawning. Such
observations are documented in numerous reviews
(e.g., Breder & Rosen, 1966), and illustrated in Table
1.

Egg development time in fishes is a function of egg
size and water temperature, and it can be expressed
through an empirical model derived by Pauly & Pullin
(1988):

log 0 = 7.1 + 0.608 x log 0 - 4.09 x log (T + 26)

where 0 is the development time (d); 0 the egg diam-
eter (mm) and T is the water temperature rC). This
model explained 82% of the variance of 140 data tri-
plets (84 spp) also covering flatfishes (9 spp, 23 tri-
plets), which did not, as a group, deviate from the
general trend.

Pepin (1991) suggested that the reduced egg
development times of small eggs hatched in warm
waters lead to larvae whose cumulative mortalities
are similar to those of larvae emerging from large
eggs hatched in cold water. This formed the basis for

0.7
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his contention that 'variation in temperature does not
appear to have any significant effect on early life his-
tory survival'. This might imply that the bottleneck for
tropical flatfish recruitment occurs in the demersal
phase.

2.3. PRODUCTION PATHWAYS AND CYCLES

Within the framework of latitudinal comparison of flat-
fish recruitment, especially trends in benthic food
conditions might be important. In general, in tropical
waters (planktonic) primary production is used and
recycled within the water column to a much higher
extent than in high latitudes, leading to less sedimen-
tation, and hence lower benthic biomass and produc-
tion (Jones, 1982, and see Figs 3 and 4). Since most
flatfish are specialized zoobenthivores (Norman,
1934; De Groot, 1981), it is assumed that as a conse-
quence the relative importance of flatfish will
decrease with decreasing latitude.

Temperate production cycles further differ from
tropical production cycles by generally displaying a
single peak, matched by an equally narrow peak of
{flat)fish spawning and recruitment (Cushing, 1975).
In contrast, tropical production cycles do not display a

Fig. 2. Relationship between oxygen consumption (mg'h-1'g fish-o.75) and temperature ('C) in 12 species of flatfish. Based
mainly on records compiled by Thurston & Gehrke (1991), and incorporated in FishBase (Pauly & Froese, 1991).
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Jones (1982).
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single well-pronounced peak (Heinrich, 1962). In trop-
ical areas, the observed variability corresponds to a
monsoon-type seasonality, dividing the year into two
unequal parts. This is reflected by tropical fish-
including flatfish-which usually recruit in two une-
qual pulses per year (Pauly & Navaluna, 1983). The
difference between the two pulses increases towards
higher latitudes (Fig. 5), until in temperate waters,
there is only one spawning/recruitment period per
year left (Cushing, 1975; Munro, 1983).

3. FIELD DATA

It is an established fact that tropical ecosystems-
including aquatic systems-contain more species
than comparable temperate habitats (Ekman, 1967).
The cause(s) for this is (are) still being debated
among evolutionary biologists, but a consensus may
be emerging that no special hypothesis is needed,
i.e., that given sufficient time and no regional or glo-
bal wipeout, enough vicariant events will occur, in any
ecosystem, for the number of species contained
therein to increase. For the very speciose tropical
fish, this implies that the ancient Thetys Sea, and the
basins derived from it, in the central Atlantic and the
tropical Indo-Pacific maintained, over a long time
period, conditions appropriate for speciation (Ekman,
1967). Moreover, the ice ages, which devastated arc-
tic environments, provided in the tropics even more
opportunities for allopatric speciation, by repeatedly
reducing sea levels and thus turning various deep
basins (e.g., the Banda, Sulawesi, and Sawu Seas in
Southeast Asia) into (semi)-isolated seas.

Incident solar
energy (x 10-S) 50
Fig. 4. Incident solar energy, and primary and secondary production, for food webs from Phangnga Bay, Thailand; the North
Sea; and Disko Bugt, Greenland. All values expressed as kcal.m-2f' (from Hoepner Petersen & Curtis, 1980).
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Fig. 5. Aspects of the life-history of two warm-water flatfish. Above: growth curve for Cyclopsetta chittendeni, in the Gulf of
Mexico, based on length-frequency (UF) data in Dawson (1968), fitted using the ELEFAN I program (Pauly, 1987b). The
solid and dotted curves refer to the main cohort, and to a secondary cohort, respectively; the seasonal pattern of recruitment
was obtained by projecting the UF data onto the time axis, using the estimated growth parameters, Loo=33.0 cm (total
length), and K=O.78 y"'. Below: same analysis, but for Cynoglossus puncticeps from Manila Bay, Philippines, based on UF
data in Ingles & Pauly (1984), with Loo=24.5cm (TL), and K=O.65y-'.
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Fig. 6. Latitudinal distribution of species diversity in Pleuronectiformes. Based on fig. 29 in Norman (1934), complemented
with data in Nelson (1984) and Eschmeyer (1990). The numbers in the rhomboids refer to genera/species.

TABLE 2
Global catch of flatfish (1980 and 1990) and related statistics, by FAO fishing area. From FAO Fisheries statistics, vol. 50
and 70.

FAO region latitude rangcf1 shelf area flatfish catch (t) 1990 catch of 1990 total
area flatfish/shelf area marine catch

(deg.) (krr1.1 0-3) 1980 1990 (Hm-2) (t.1(;3)

21 Northwest Atlantic 75 N -35 N 1,260 228,180 159,115 0.126 3,221

27 Northwest Atlantic 80N-35N 3,155 309,804 392,647 0.124 9,183

31 Western Central Atlantic 35N- 5N 1,370 4,917 1,784 0.001 1,697

34 Eastern Central Atlantic 35N- ON 480 31,377 26,642 0.056 4,098

37 Mediterranean and Black Sea 45N-30N 511 13,794 13,358 0.026 1,489

41 Southwest Atlantic 5N-60S 1,950 4,452 12,358 0.006 2,029

47 Southwest Atlantic 10N-35S 280 2,151 1,726 0.006 1,530

51 Western Indian Ocean 20N-35S 1,620 9,323 19,380 0.012 3,376

57 Eastern Indian Ocean 20N-45S 1,380 5,944 11,986 0.009 2,828

61 Northwest Pacific 65N-15N 959 265,235 197,672 0.206 25,688

67 Northeast Pacific 65 N - 40 N 965 180,493 341,408 0.354 3,428
71 Western Central Pacific 15 N -25 S 4,610 16,601 14,570 0.003 7,311

77 Eastern Central Pacific 40N- 5N 450 7,393 8,824 0.020 1,519

81 Southwest Pacific 30 S - 50 S 1,340 3,715 3,313 0.002 1,031

87 Southeast Pacific 5N-60S 387 981 2,993 0.008 13,945

Total (or Mean) - 20,717 1,084,360 1,207,776 (0.064) 82,372

a. approximate range of shelves.
b. coastal waters, down to 200 m (Gulland, 1971).
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Fig. 7. Shelves of the world ocean (in black) redrawn on a map that allows for unbiased latitudinal comparisons of surfaces
(Peters, 1983). Numbers refer to the FAD statistical areas and the size of the flatfish icons indicates the relative magnitudes
of the catches (see also Table 2).

Fig. 6 shows the number of flatfish species in rela-
tion to latitude. Eight out of eleven families show their
highest number of species in tropical waters. There is
a clear trend with lower number of species with
decreasing latitude. Also for flatfish, tropical ecosys-
tems contain more species than the comparable tem-
perate habitats. Annually fish-catch statistics by
country and by species group are issued by the Food
and Agriculture Organization of the United Nations
(FAa). These data are likely to reflect gross patterns
of abundance and of the relative importance in the
catch of various fish groups, despite some potential
sources of bias (Mariott, 1984). Table 2 summarizes
FAa catch estimates for flatfish per FAa fishing area,
together with some related statistics, such as the
size of the shelf area (see also Fig. 7). The ratio
between the catches and the shelf areas provides an
index of relative abundance of flatfish, under the
assumption that none of the FAa areas still contains
large unexploited stocks of flatfish.

Fig. 8 shows the relationship between shelf latitude
and the index of flatfish abundance, together with the
latitudinal distribution of the number of flatfish spe-
cies, obtained by cumulating, for each degree of lati-
tude, the widths of the rhomboids in Fig. 5 for 1980
and 1990. Flatfish diversity has its maximum at the

equator, with a small secondary peak at 50oN, while
flatfish abundances on the other hand peaks between
65 and 50oN, with a small secondary peak at 25°N.
From these data, the catch per species can be com-
puted (Fig. 8). This shows the disproportionate impor-
tance of high latitude species in the global flatfish
catches.

4. DISCUSSION

The assumption that the relative importance of flat-
fish will decrease with decreasing latitude seems to
be supported by the information of both the number of
species and of the relative abundance. The high fish-
ing effort of trawlers in inshore waters of the intertrop-
ical belt-itself due to the presence of penaeid
shrimps in these waters (Pauly, 1988), supports the
view that the low catches in these areas indicate low

biomasses. A similar suggestion was made already at
the beginning of this century by Delsman & Harden-
berg (1934). Based on fishery investigations in Indo-
nesia, they stated that in tropical waters flatfishes
were of no commercial value, in contrast to European
waters. They also mentioned a higher species diver-
sity in tropical areas, associated with a lower abun-
dance and a smaller size.
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Fig. 8. Relative importance of flatfish, by latitude based on catch data in 1980 and 1990. A. Estimated number of species
(based on data in Fig. 6); B. Estimated catch by area of shelf (based on data in Table 2); C. Catch per area of shelf and spe-
cies of flatfish (from a/b).

Flatfish are economically important in (northern)
Europe. In the tropics they are not important, despite
their high species diversity (see also Manickchand-
Heileman, 1994). The hypothesis presented to
explain this discrepancy is rather tentative, but takes
into account the various elements presented above:
flatfish are-with exceptions such as the generalized
piscivore Psettodes spp.-simultaneously overa-
dapted to, and too small for, the niche they occupy.
The (over)adaptation to feeding on zoobenthic in- and
epifauna-as illustrated, e.g. by their highly asymmet-
rical teeth, jaw muscles and sensory apparatus (Nor-
man, 1934; De Groot, 1969, 1973, 1981)-must imply
suboptimal adaptation to feeding in open water. The
highly successful Leiognathidae or slipmouths, a
group of tropical and subtropical Indo-Pacific, small
micro- and meiobenthos feeders reaching huge
inshore biomass in habitats where many flatfish spe-
cies also occur (similar to the Gerridae, or mojarra,
also occuring in warm Atlantic waters) exemplify an
alternative approach to being a small micro- and
meiobenthic feeder. This consists of the following two
elements:
1. A highly evolved, protrusible and symmetrical
mouth-the trademark of many successful percoid
groups (Delsman, 1925; Gregory, 1933)-which
allows feeding on zoobenthos and on zooplankton.
2. A diurnal change of habitat and of diet, consisting
of benthic habits and feeding during daytime, and
pelagic habits and feeding at night (see Tiews et a/.,

1972; and references in Pauly & Wade-Pauly, 1981).
Thus, competitive pressure of Leiognathidae and

similar forms may impinge on the feeding niche of
tropical flatfish from its micro- and meiobenthic 'side'.

Tropical flatfish tend to be much smaller than their
temperate counterparts-a fact also emphasized by
Delsman & Hardenberg (1934). The fact that the cal-
careous shells of molluscs and other invertebrates
are-other things being equal-thicker in warm than
in cold water (Graus, 1974; Vakily, 1992) may prevent
some of the small tropical flatfish from feeding on
macrozoobenthos. At the same time, this macrozoo-
benthos is also the main food of rays, another group
that is enormously successful in the tropics. Smaller
rays may compete with flatfish from the macrobenthic
'side' of their feeding niche. However, due to their low
fecundity, tropical rays tend to be quickly decimated
upon the onset of demersal trawling (Pauly, 1988,
and see Table 3), a feature they share with temperate
rays (Brander, 1988).

Upon onset of exploitation in the early 1960s, the
demersal community of the Gulf of Thailand under-
went a series of major changes which several authors
(Pope, 1979; Beddington & May, 1982) have
described, based on the research survey data pub-
lished by various Thai authors, notably Ritragsa
(1976). In an analysis of an early set of these data,
covering the years 1963-1972 (Pauly, 1979b), the fact
was emphasized that flatfish (Psettodes erumei,
Bothidae and Cynoglossidae) managed to maintain

A B
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0 8 0 0
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or even increase their original biomass in the face of
a (non-selective) fishing pressure which caused the
overall stock to drop in 1972 to 21% of its value in
1969, the rays to 8%, and the Leiognathidae to 2%
(Table 3).

From this, and the fact that virtually the same
trends also occurred in the Andaman Sea waters of
Thailand (Ritragsa, 1976; Pauly, 1979b), it can be
concluded that Thai flatfish-and by extension other
tropical Indo-Pacific flatfish-are r-selected organ-
isms, in contrast to the rays and the Leiognathidae,
their K-selected competitors (Pianka, 1970). This
would imply that the tropical flatfish only maintain
their (low) biomass when their environment is undis-
turbed, but will increase their recruitment if an exter-
nal disturbance (e.g., a fishery) removes their
competitors, and thus 'opens their recruitment win-
dow' (Fig. 9). The developments since 1973 contra-
dict this hypothesis: Psettodes erumei and the
Cynoglossidae declined, more or less in line with the
overall fish biomass, and the Bothidae disappeared
entirely (Table 3). This should call for the above
hypothesis on the r-selection of Thai flatfish to be
retired. However, this may be too early. The extraordi-
nary resilience of these fishes to the impact of the first
10 to 15 years of trawling, in both the Gulf of Thailand

115

and the Thai coast of Andaman Sea, is too visible a
fact to be ignored. An additional cause should be
evoked to explain the decline of Gulf of Thailand flat-
fish, from 1973 to 1982. Such cause may be the jump
of fishing effort from 1971 to 1973 (+60%, see Table
3), due to the return to the Gulf, during that period, of
many trawlers that had fished in neighbouring coun-
tries (Panayotou & Jetanavanich, 1987).

5. FUTURE RESEARCH

It cannot be expected that commercial fisheries in the
intertropical belt will provide, in the near future, the
kind of detailed, species-specific statistics that could
be used for studies of flatfish recruitment. The situa-
tion is even worse for small-scale fisheries, which
usually require dedicated research project for their
gross catches to even begin to be apprehended
(Munro, 1978). The implication is that the extension of
comparative studies on flatfish recruitment from high
latitudes to the equator requires a strong research
effort including the sampling of primary data. This
may be achieved by dedicated projects, such as
those carried out by Van der Veer et al. (1994). Alter-
nately, collaborative arrangements may be estab-
lished between research groups studying temperate

TABLE 3
Catch per effort of flatfishes, rays and all fishes (incl. invertebrates) in the Gulf of Thailand (50 m), and related statistics, based
on surveys of R.V. Pramong 2 and R.V. Pramong 9, 1961-1982. Values in brackets are approximate; see Pauly (1987a) for
sources.

catch/effort (kg.h-J)

year Psettodes erumei Bothidae Cynoglossidae rays Leiognathidae all fish trawler units catch (t)
1961 (0.48) (1.44) (0.28) (14.89) 53.00 297.80 201 106,550
1962 - - - - - 976 102,700
1963 0.40 (1.20) (0.23) 14.80 71.50 248.95 2026 198,200
1964 - - - - - - 2360 320,600
1965 - - - - - - 2393 343,100
1966 0.99 0.63 0.12 9.63 20.02 130.98 2695 363,800
1967 0.63 0.33 0.06 4.77 10.87 114.84 3077 437,420
1968 0.58 0.38 0.04 2.17 14.37 105.54 3182 (513,380)
1969 0.65 0.36 0.14 2.99 10.59 102.37 3185 (518,650)
1970 0.56 0.32 0.07 2.86 10.25 97.24 3114 (530,890)
1971 0.71 0.52 0.24 1.35 2.98 66.31 3338 (608,580)
1972 0.51 0.58 0.31 1.22 4.86 63.12 4114 711,295
1973 0.30 0.26 0.13 1.54 6.00 51.92 5284 829,149
1974 0.25 0.16 0.06 0.91 1.70 57.68 4792 600,263
1975 0.36 0.35 0.37 1.14 2.53 46.99 4530 746,238
1976 0.24 0.18 0.09 0.63 (2.64) 57.22 4833 757,332
1977 0.24 0.14 0.10 0.61 (2.76) 46.98 5834 841,288
1978 0.22 0.00 0.09 1.15 (2.87) 52.12 5780 810,757
1979 0.16 0.00 0.11 0.31 (2.98) 51.66 7930 791,490
1980 0.20 0.00 0.14 0.17 (3.09) 48.14 7933 781,675
1981 0.17 0.00 0.10 0.31 (3.21) 38.77 6633 780,000
1982 0.09 0.00 0.04 0.10 3.32 43.36
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Temperate Roundfish

Tropical Flatfishes

Fig. 9. The recruitment windows of various fish groups,
including a new 'window shutter' model of tropical flatfish
recruitment (i.e., representative of a lot of small species of
flatfish trying to squeeze themselves through the shutters of
a closed window).

stocks with groups studying tropical stocks, e.g., in
the southern Gulf of Mexico (Sanchez-Gil et al.,
1994). The alternative is to concentrate, within tem-
perate areas, on adjacent stocks of the same abun-
dant species-aligned along some environmental
gradient, an opportunity taken by various authors
(Miller et al., 1991; Rijnsdorp et aI., 1992), and which
can be expected to continue to yield useful insight,
given strong prior hypotheses (Bakun, 1985).

This contribution is structured around a key hypoth-
esis-that gill area and hence oxygen supply limit fish
growth-which has been tested, without being
refuted, using various data sets, but which would def-
initely appear more convincing to flatfish specialists,
were it tested with data from well-studied flatfish
stocks. Particularly, this hypothesis, which can be
used to interpret the results of many latitudinal (-tem-
perature) comparisons, would benefit from being
tested in terms of its ability to explain the strong
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growth dimorphism of flatfish, a characteristic feature
of the Pleuronectiforms. Such tests would require
exploring the differential use-via different levels of
activity-of oxygen by female and male flatfish, a
point overlooked by Lozan (1992).

If the hypothesis passes these tests, it could then
be used to interpret the results of systematic compar-
isons, along latitudinal gradients, of the various fea-
tures of flatfish as recorded in FishBase (Froese &
Pauly, 1994), which completely matches the require-
ments for a flatfish database outlined in Roff et al.,
(1992).

Such comparative studies may not resolve the
'recruitment problem', in whatever form it is posed;
however, it can be expected that they will lead, in
cost-effective fashion to a greater understanding of
the life history of flat- and other fish, not a mean
achievement in an age of diminishing returns.
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