
fish abundance in the Black Sea. As derived in Materials
and methods, this implies that a high vertical attenuation
coefficient, K, for downwelling irradiance (i.e., a shallow
Secchi depth) reduces the physical extension of the
adequate vertical habitat, H , and thereby the abundance.

The effect of other factors than water clarity will most
likely weaken any signal from water clarity unless water
clarity correlates with an unknown causal factor or,
alternatively, if the fish biomass assessment is influenced
by water clarity in one or another way. Two such factors
were considered in this study: a top-down trophic cascade
(Daskalov 2002), which could have influenced the water
clarity, and water clarity, which could have influenced the
fish catches (Murphy 1959) and thereby the VPA estimates
used in my analyses. The trophic cascade seems unlikely
because the positive relationship between the zooplankti-
vores (sprat and anchovy) and water clarity has a sign
opposite that expected if consumption of zooplankton by
these fishes induced a trophic cascade.

The results of Murphy (1959) suggested that albacore
catches decreased with increased water clarity when using
troll and decreased for gill net, suggesting that vision was
important to see the bait and to avoid the net, respectively.
Consequently, in the case of gear avoidance, a negative
correlation between catch and Secchi depth is to be
expected. Other factors, however, such as schooling
characteristics, might also depend on water clarity and
thereby affect catch efficiency. If sprat and anchovy catches
are affected by water clarity, it is therefore uncertain
whether this would imply a negative or positive correlation.
The Black Sea data revealed a weak positive correlation,
although nonsignificant, between catches of sprat and
anchovy and Secchi depth. This positive correlation,
however, was higher for subsets of data excluding
observations before 1980 (not shown), but this could be
because catches commonly do reflect stock size. Although
a dependency of catch size on water clarity cannot be ruled
out, I find it unlikely that the observed linear relationship
between fish biomass and water clarity is caused by biased
VPA stock estimates. At this point, it should also be noted
that the possible water clarity signature for the Black Sea
fish stocks is similar to that observed for the mesopelagic
fish stocks (Fig. 3) and that theses fjord stocks are not
fished commercially.

����� �� Linear regressions between fish biomass (F 9) and Secchi depth (Z2) for Black Sea fishes. The percent contribution of each
species to the total biomass over the period 1973–1993 is given in the column marked % , n is the number of observations, r is the Pearson
correlation coefficient, and p is the probability indicated by the linear regression analysis. The probability associated with the Pearson
correlation coefficient when corrected for autocorrelation is given by pa, and the corrected degrees of freedom is dfa (see Materials and
methods).

% Period n r p Equation dfa pa

Horse mackerel 15 1968–1994 22 0.20 0.40
Whiting 23 1973–1994 19 0.71 ,0.01 F535Z2–115 2.7 0.104
Sprat 19 1968–1993 21 0.72 ,0.01 F537Z2–185 6.0 0.022
Anchovy 43 1968–1993 21 0.77 ,0.01 F575Z2–322 6.3 0.031
All four species 100 1973–1993 18 0.87 ,0.01 F5162Z2–551 2.9 0.014
Whiting, sprat, and

anchovy
85 1973–1993 18 0.92 ,0.01 F5121Z2–579 3.2 0.023

Fig. 3. Normalized fish abundance versus normalized vertical
attenuation for downwelling irradiance. Black Sea fishes (anchovy,
sprat, and whiting) are compared with mesopelagic fishes in
Norwegian fjords. The normalized abundance in the Black Sea is F 9
5 F/Fmax where Fmax represents the fish biomass for the clearest
water (Zmax 5 18.9 m), and the normalized vertical attenuation is
K9 5 Zmax/Z 2 (this normalization follows from the inverse
relationship between the Secchi depth and the vertical attenuation
coefficient for downwelling irradiance). The fjord data represent
acoustic abundance estimates (total area backscatter, SA) of
mesopelagic fishes reported by Aksnes et al. (2004) and Sørnes et
al. (in press.). These observations yielded the fit SA 5 26.5/a – 280.3
(r 5 0.91, p , 0.01, n 5 20), where a is the measured light
absorbance of a particular fjord. The normalized abundance here is
F 9 5 SA/Smax, where Smax represents the fish abundance for the
clearest fjord water (amin 5 0.02 m21). The normalized attenuation
(i.e., absorbance) is K9 5 a/amin.
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