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Length structure of deep-pelagic fishes sheds new light to their
life histories

Mikko Heino, David S. Boukal, Tone Falkenhaug, Uwe Piatkowski, Filipe M. Porteiro and
Tracey T. Sutton

Here we use a new technique to study life history variation in deep-pelagic fishes from a mid-
ocean ridge system. Shape of length distribution in a population is to a significant extent de-
termined by the degree to which an average individual approaches its asymptotic maximum
size. Analysing the material from the pelagic trawl hauls taken during the 2004 Mar-Eco ex-
pedition along the northern Mid-Atlantic Ridge, we show that length distributions in many
deep-pelagic fish species are characterised by negative skew (the left tail of the distribution is
longer). In other words, a large proportion of individuals had a size close to species-specific
maximum size. Provided that our sampling can be considered representative, this finding sug-
gests that deep-pelagic fishes have a low mortality rate relative to the rate at which they grow
towards their asymptotic size.
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Introduction

Ideally, we would like to know everything of each sampled individual, or perhaps at least the
‘standard’ measurements, say age, length, total weight, sex and maturity. The reality is quite
different. Obtaining any individual-level measurement is relatively time-consuming, and often
all that is routinely recorded at individual-level is length and perhaps weight. With deepwater
fish these difficulties are aggravated: in relatively aseasonal environments, aging becomes
increasingly difficult, and very few species can be aged with routine methods. Maturity stag-
ing is difficult when background information on reproductive cycles is lacking. Not surpris-
ingly then, despite technological advances at other observation fronts, individual-level data
from most fish sampled during the G. O. Sars expedition to the northern Mid-Atlantic Ridge
in June—July 2004 are restricted to length (see Wenneck et al. 2008 for details).

Length distributions contain information on mortality and growth

What can we learn from length data alone? This is a challenge that fisheries scientists have
faced since the twilight years during the first half of the 20" century. Consequently, there is a



ICES CM 2008/C:14 Not to be cited without prior reference to the authors

long tradition for using length-based methods to study population dynamics and parameters
(e.g., Beverton and Holt 1956, Pauly and Morgan 1987, Gulland and Rosenberg 1992). One
interesting result concerns the determination of a population’s length distribution (Wetherall
et al. 1987, p. 54). If population-level growth is described by the von Bertalanffy model (with
parameters k and |, respectively growth coefficient and asymptotic length), mortality m is

constant (at least within the considered length range), and reproduction is continuous, popula-
tion’s length distribution as a probability density distribution yields

Pass (1) = m/k (1, =)™ /127 (1)

The shape of the length distribution is determined by the ratio m/k alone, whereas | is only

influencing its horizontal width. Moreover, the length distribution is monotonically decreas-
ing if m/k >1 and monotonically increasing in the opposite case. Notice also that because
both m and k are expressed in the same unit (time™), their ratio is a dimensionless number.
Thus, we do not need to know the exact value of these two variables, only their ratio, to pre-
dict the length distribution. A corollary is that a length distribution alone can give an estimate
of the ratio m/k , but not of m and k separately.

Even though the result of Wetherall et al. (1987) has been around for more than two decades,
the implications of equation (1) seem to have been overlooked: m/k >1 leads to a length dis-
tribution with a positive skew, which is qualitatively from a positive skew that follows from
m/k <1.

We have elsewhere (Heino et al. 2008) preliminarily shown that the correspondence between
the skew coefficient and the ratio m/k is not only qualitative but also quantitative. Further-
more, this result seems to be robust to assumptions about observability (small individuals
evade typical sampling methods), no growth variability (we allowed | to be a Gaussian devi-

ate) and size-independent mortality (results not shown in Heino et al. 2008). Skewness can
thus be used to estimate the ratio m/Kk.

Skew in length distributions of deep-pelagic fish

We have estimated the skewness coefficient for deep-pelagic fishes collected during measured
the 2004 G. O. Sars expedition to the northern Mid-Atlantic Ridge. Only a small proportion of
individuals were measured, but we assume that what was representative. Data from all trawl
hauls with a single gear (smallish macro-zooplankton trawl with uniform meshes (6 mm
stretched) or a medium-sized pelagic trawl with graded meshes (22 mm stretched in codend))
are combined, assuming that each haul was equally representative. A population’s length dis-
tribution is thus estimated as the mean of normalized haul-specific length distribution. We

. . 1 .
then calculate skew using the moment-based estimate, —>_(x, —X)*/c°, where X is the
n-=

mean and o is the standard deviation of observations.

Results show that deep-pelagic fishes from the Mid-Atlantic Ridge display a continuum of
skewness coefficients, with negative values being slightly more frequent than positive ones.
The estimates do not seem to depend much on the gear used. There is significant variability
within the family with most species represented here, the lanternfishes (Myctophidae).

The large proportion of species with negative skew is unusual relative to the expectation. A
preliminary analysis of data from a completely different area (near Greenland) suggests that
our findings from the Mid-Atlantic Ridge may not be atypical for deep-pelagic fish (Fig. 2).
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For comparison, we show also data from other nekton than fish (Fig. 3). Length distributions
for the common cephalopods, cnidarians and crustaceans are overwhelmingly dominated by a
positive skew. This suggests that the patterns we see are taxon-specific and not simply sam-
pling artefacts.

Serrivomer beanii 3552
Benthosema glaciale 3552
Serrivomer beanii 3541
Malacosteus niger 3541

Protomyctophum arcticum 3552
Chauliodus sloani 3541
Bathylagus euryops 3552
Borostomias antarcticus 3541
Benthosema glaciale 3541
Notoscopelus kroyeri 3541
Bathylagus euryops 3541
Maulisia microlepis 3541
Poromitra crassiceps 3541
Lampanyctus macdonaldi 3541
Scopelogadus beanii 3541
Sigmops bathyphilum 3541
Scopelogadus beanii 3552
Myctophum punctatum 3562
Scopqlogadus mizolepis 3541
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Figure 1. Skewness coefficient for 15 deep-pelagic fish species from the 2004 G. O. Sars expedition
to the northern Mid-Atlantic Ridge. The number after species name refers to trawl type (medium-sized
pelagic trawl: 3541; small macro-zooplankton trawl: 3552).
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Figure 2. Skewness coefficient for five deep-pelagic fish species from Greenland (data from IFM-
GEOMAR, Kiel).
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Periphylla periphylla 3541
Pyroteuthis margaritifera 3541
Gonatus 3552

Periphylla periphylla 3552
Teuthowenia megalops 3541
Sergestes arcticus 3552
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Heteroteuthis dispar 3541
Atolla 3552
Lampadioteuthis megaleia 3541
| | | | |
-4 -2 0 2 4
Skew

Figure 3. Skewness coefficient for deep-pelagic cnidarians (2 species), cephalopods (5 species) and
crustaceans (1 species) from the 2004 G. O. Sars expedition to the northern Mid-Atlantic Ridge.

Discussion

Length distributions with positive and negative skew represent different life history types.
When m/k <1 (negative skew), many individuals spend a relatively short proportion of their
life span as ‘small’ individuals, and reach a size that is close to the asymptotic size. In contrast,
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when m/k >1 (positive skew), most individuals never reach a large size, and very few indi-
viduals get close to the asymptotic size. Length distributions suggest that deep-pelagic fishes
span this whole range of life history diversity.

Ratio m/k is also one of the Beverton and Holt (1959) life history ‘invariants’ or ‘statics’
that are sometimes assumed to be relatively constant within taxonomic groups (Charnov
1993). For fish, m/k of about 1.5 has been proposed as the canonical value (Charnov 1993),
based on the data reported by Pauly (1980) and supported by a simple life history model (Jen-
sen 1996); this ‘truth’ has then been reiterated elsewhere. m/k >1 should lead to a length dis-
tribution with positive skew, i.e., long right tail. This matches perfectly with our idea how
‘typical’ fish length distributions should look like. However, even a cursory look on Pauly’s
(1980) data shows that while most populations indeed have m/k >1, there are also many ex-
ceptions. There should be many populations with length distributions with a negative skew, or
the estimates are inaccurate. However, our results suggest a more systematic deviation from
the norm: among deep-pelagic fishes, length distributions with negative skew are dominating.

Our results depend on representativeness of our sampling. However, our analyses so far sug-
gest that skewness is a robustly estimable property that is not easily influenced by size-
dependent observability. However, it is entirely possible that we missed some specific com-
ponents of populations because sampling was confined in space and time. The fishing gears
used are selective, and this may also influence our results. Furthermore, we have not yet ana-
lysed how non-continuous recruitment influences the skew.

Concluding remarks

Our results shed light to life history diversity among deep-pelagic fishes from the Mid-
Atlantic Ridge, of which virtually nothing is known. Studying the skewness of their length
distributions suggests that a large proportion of species grow fast relative to their mortality.
Or the other way round, they have low mortality relative to their growth. This is in contrast to
the usual idea, shaped by shallow-water fishes, that fish length distributions are positively
skewed.
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