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ABSTRACT: The discovery of global-scale latitudinal gradients of declining biodiversity from the tropics to the pole for bivalves, gastropods and isopods in the deep North Atlantic has created a high degree
of interest and controversy. This is because such gradients are commonly associated with solar energytemperature gradients in terrestrial and shallow water systems and it is difficult to see how these processes might apply to a diversity gradient in the deep North Atlantic, where productivity increases
northwards but diversity declines. Here, we compare biodversity patterns from marine nematodes, the
most abundant deep-sea metazoan, from the deep North Atlantic with previous results and show that
rarefaction is potentially unsuitable for large-scale biogeographic pattern analysis. We obtain a different pattern from that previously obtained for mollusc and isopod data. Nematode diversity, as measured by species count, shows a positive gradient between 13 to 56"N, which is consistent with the
hypothesis that this pattern is related to the productivity gradient in the food-starved deep North
Atlantic. The Norwegian Sea appears to be an area of low diversity for reasons connected to historicalgeographical processes.
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INTRODUCTION
The single most famous large-scale biodiversity pattern in ecology is the latitudinal gradient. Nearly 200
years' worth of data and comment on this issue have
accumulated since Humboldt & Bonpland (18071, and
yet understanding the processes that give rise to such
patterns is still one of the challenges for biodiversity
research (Rosenzweig 1995). Convincing latitudinal
gradients have been reported for terrestrial higher
taxa (both plant and animal); the usual pattern is for
species diversity to decline away from the equator
(Rosenzweig 1995). Soil nematodes are possibly an
exception in that the gradient appears reversed (Proctor 1990), although the diversity of rainforest nema-
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todes has never been comprehensively assessed but
may be high (Hodda et al. 1995).
Latitudinal gradients have been reported for marine
pelagic taxa (Reid et al. 1978, Angel 1993, McGowan &
Walker 1993). The situation for marine coastal benthic
fauna and flora is less clear. Classic latitudinal gradients
are known for some fossil and recent groups, (Thorson
1952, Stehli et al. 1967, 1969, Sanders 1968, Roy et al.
1998). Other patterns discovered include a unimodal,
temperate peak (Thorson 1957, Lasserre 1992) and reverse gradients (Santelices 1989). However, a number of
other investigations have failed to discern a latitudinal
component in diversity patterns for coastal benthic organisms (Gaines & Lubchenco 1982, Hicks & C o d 1983,
Warwick & Ruswahyuni 1987, Kendall & Aschan 1993,
Dauvin et al. 1994, Boucher & Lambshead 1995, Coates
1998). Latitudinal gradient patterns can, therefore, be
described as complex and difficult to interpret as the
product of a single mechanism.
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A recent comprehensive review by Rohde (1992)
examined a variety of potential mechanisms for latitudinal gra.dients, including competition, predation, mutualism, parasitism, host diversity, niche theory, environmental heterogeneity and disturbance. He found
little evidence to support these mechanisms. Rohde reported that the most consistent correlation over large
scales occurs between species diversity and temperature-solar radiation. There are 2 potential ways of interpreting this relationship; one involves ecologicaI
processes while the other involves evolutionary mechanisms.
The ecological explanation can be summed up by
saying that latitudinal gradients in solar radiation cause
concomitant gradients in productivity and hence gradients in diversity. The relationship between productivity and diversity is complex and is usually summarised by a unimodal curve with highest diversity
recorded at intermediate levels of productivity (Grime
1973, Huston 1979, see Rosenzweig 1995 for a review).
So this mechanism could give a variety of diversity patterns depending on the specific taxa and what part
of the unimodal curve is relevant. Roy et al. (1998) analysed a database of 3916 prosobranch gastropods and
reported a relationship between diversity and solar energy, which they ascribed to a productivity mechanism.
Rohde (1992) hypothesised that the link between
solar energy and diversity is directly temperaturerelated and has suggested an evolutionary mechanism.
He noted that 'tropical genera of benthic Foraminifera
and bivalves tend to be younger' than their high latitude equivalents and that there are 'latitude-dependent differences in the rate of evolution in clams, mammals, Permian brachiopods and Cretaceous planktonic Foraminifera'. Rohde suggested that evolutionary
speed was positively related to temperature and that
this could drive the latitudinal diversity patterns observed today; warmer climates would have more species through a faster evolutionary rate given that habitats rarely seem to be saturated.
The modern deep sea is an unusual environment
that has useful properties for examining these hypotheses. Excluding hydrothermal vents, productivity
in the benthos is dependent on the flux of organic
material from surface productivity and lateral transport
from the continents. The second point about productivity in the food-limited deep sea is that it is low to
extremely low. So the relationship between productivity is likely to be simple and linear, with increased productivity always raising diversity. There is unlikely to
be a productivity high enough to decrease diversity.
This is demonstrated by analysis of the relationship of
sample diversity with depth from the deep sea into
shallow water. Various data show a unimodal curve,
e.g. nematodes (Boucher & Lambshead 1995), poly-

chaetes (Paterson & Lambshead 1995), gastropods
(Stuart 1991) and macrofauna (Rex 1981, 1983, Blake
et al. 1985, l%?), with diversity only declining in the
higher productivity regime found in shallow water.
At the same time, the modern deep sea does not display wide variations in temperature. Temperature
tends to be uniformly cold and not latitude-dependent.
Rohde's (1992) hypothesis should not apply to the rnodern deep sea and so this environment should be a suitable place to test for a productivity-linked diversity
gradient over latitudinal distances.
Note that, historically, the deep sea has undergone
temperature changes that may have an impact on historical patterns. For example, Thomas & Gooday (1996)
studied Foraminifera diversity in association with temperature in cores from 2 sites in the equatorial Pacific
and Weddell Sea, Antarctica, from 58 million yr ago,
the late Paleocene, to the present day. The temperature in the 2 locations diverged at about 38 million yr
ago, the Weddell Sea being cooler. Associated with
this change was a corresponding lower diversity in the
Antarctic.
This is a fascinating result because the organic
flux into the Weddell Sea increased. It is difficult to
belleve that this modest increase in productivity, by
shallow water standards, was sufficiently high to depress diversity. Thomas & Gooday (1996) speculate
that the decrease in diversity was a disturbance effect
due to 'the onset of a more unpredictable and seasonally fluctuating food supply'. However, as they point
out, current deep-sea theory suggests that such unpredictability should increase diversity through increased heterogeneity (Grassle & Morse-Porteus 1987,
Grassle & Maciolek 1992),as apparently demonstrated
by Brown et al. (in press). On the other hand it
seems possible that Thomas & Gooday's results over
geological time scales might fit Rohde's hypothesis
of slower evolutionary rates being the controlling
mechanism.

INVESTIGATION OF LATITUDINAL
GRADIENTS IN THE MODERN DEEP SEA

There are no entirely adequate data to investigate
latitudinal gradients in the deep sea. Quantitative
deep-sea samples can be taken with corers but few
cores have been worked up to species level. Approximately 2 km2 of the deep sea have been sampled
for macrofauna (Paterson 1993) and less than 5 m2
for meiofauna (Lambshead 1993). Larger animals
have been sampled more extensively with epibenthic
sledges but these are qualitative or, charitably, semiquantitative samples. So the first problem is lack of
data.
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A further problem with available deep-sea diversity
data is that it was never collected with the specific
intention of assessing large-scale diversity gradients.
So data have to be assembled from a variety of projects. Samples are collected in clusters at stations for
reasons connected with the original research. This presents statistical problems, as the stations, not the samples, are randomly selected with respect to the analysis. The samples are pseudoreplicates, but omitting
pseudoreplicates further decreases the available data.
A final problem comes with the way diversity is usually calculated by deep-sea biologists. Terrestrial latitudinal gradient analysis tends to use some measure of
species count per place/region/area while deep-sea
science commonly employs rarefaction.
Discussion has centred on the utility of the rarefaction method (Sanders 1968, Hurlbert 1971) for species
diversity analysis (Gage & May 1993). Rarefaction,
when used as expected number of species, is a diversity index and, as such, is considered to incorporate
equitability as well as species richness. Equitability is a
measure of the evenness, or relative abundance, of
species in an assemblage. Gray (1997) demonstrated
empirically how the response of rarefaction to equitability differences can bias species richness estimates.
Rarefaction also assumes that individuals from a species or assemblage are randomly distributed in space.
However, deep-sea nematodes tend to be aggregated,
and worse still, for diversity-productivity analysis, the
degree of aggregation increases with organic flux
(Lambshead & Hodda 1994, Rice & Lambshead 1994).
This appears to be true for other small organisms
(Lambshead & Gooday 1990) and is probably true for
other larger benthic organisms which have too low an
abundance to be statistically tested for aggregation.
Lauerman & Kaufmann (1998) have recently demonstrated that epibenthic echinoderms clump around
detrital material but are otherwise randomly distributed.
Diversity indices are normally used for measuring
the effects of local ecological processes, such as disturbance, on diversity rather than for assessing largescale biogeographic trends. Analysis has suggested
that the greater the component of equitability within
an index, the less useful the index is for large-scale
comparisons (Boucher & Lambshead 1995). To conclude, there are a number of theoretical reasons for
thinking that rarefaction may be unsuitable for analysing biogeographic diversity patterns especially if
these are expected to be associated with food resource
gradients.
It is unfortunate that the most comprehensive data
we have for deep-sea organisms are for the North
Atlantic rather than the Pacific Ocean. The North
Atlantic is divided into a series of basins, each of which
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may be expected to have its own individual ecology.
Extracting a single large-scale biogeographic pattern
from these individual, potentially conflicting ecological
signals is problematical, especially if an ecological
diversity index is used for the analysis. In particular,
lateral transport of organic flux from the coastal
regions into the deep sea is likely to introduce effectively random elements into any large-scale gradient
linking diversity to primary productivity in the surface
waters.
A cogent argument can be made for the position that
extant deep-sea data are too inadequate for any latitudinal analysis because they are too sparse, unacceptably clustered, and collected from the wrong ocean.
However, new data will only be acquired slowly and
are likely to possess many of the inadequacies of the
old data for much the same reasons. It seems therefore
worthwhile to attempt to test for latitudinal gradients
with the data we have while bearing in mind their
problems.
Latitudinal gradients were reported in the deep
Atlantic for 3 taxa of macrobenthos; Isopoda, Gastropoda and Bivalvia (Rex et al. 1993, 1997). The data
used were collected by semi-quantitative epibenthic
sledge and analysed as individual pseudoreplicates
using rarefaction. The result was a decline towards the
high latitudes in the North Atlantic with a variable pattern from 0 to 40's.
This result contradicts the predicted relationship
between diversity and productivity in the deep sea.
Productivity of the deep, North Atlantic, benthos depends on the flux of material from primary production
in the surface layers and lateral transport both from
the surface and from the shore. So it can be difficult to
estimate but, broadly speaking, surface production
increases polewards in the North Atlantic (Campbell &
Aarup 1992). So a productivity mechanism is unlikely
to explain the patterns reported by Rex et al. (1993,
1997) for the resource-limited deep sea.
An alternative suggestion, that diversity is correlated
with size of environmental region (Terborgh 1973,
Abele & Walters 1979a,b), might be applicable. The
proportions of deep sea available at different latitudes
in the North Atlantic could give a pattern of declining
diversity at higher latitudes and, to some degree, in the
equatorial region. Historical processes at high latitudes
in the North Atlantic could exacerbate this geographic
effect.
Gray (1994) noted that the pattern reported by Rex et
al. (1993, 1997) 'was largely determined by the low
diversity shown in the deep-sea area of the Norwegian
Sea'. Rex et al. (1997) disputed t h s point but it is clear
that of the 3 taxa, the bivalve gradient is entirely
dependent on the Norwegian Sea, and the gradients in
isopods and gastropods are far less convincing without
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this region. As Rex et al. (1997) admit, 'The Norwegian
Sea is a relatively small, shallow and partially isolated
basin that may impose higher extinction rates and offer
less ecological opportunity than the larger and more
confluent basins to the south in the Atlantic'. So size,
geographic isolation and the Quaternary glaciation
(Dahl 1972, Svavarsson et al. 1993) suggest that the
Norwegian Sea may be distinct from the rest of the
Atlantic system.
A paper by Brey et al. (1994) offers further evidence
that the Norwegian Sea may be unusual for reasons
specific to the region. These authors compared Weddell Sea diversities of the 3 deep-sea taxa with the
results reported by Rex et al. (1993). They show that
'there is no steady latitudinal decrease in deep-sea
---balhc.-,-&
-:.
Rex et al. (1997) disputed the point on the grounds that
Brey et al.'s data are from Agassiz trawls while their
data originate from epibenthic sledges (thus altering
the class size investigated). Comparison of results from
trawls and sledges is not ideal but Brey et al.'s results
cannot be entirely dismissed. Finally, a recent analysis
of asteroid diversity by Price et al. (1999)failed to find
deep-sea latitudinal gradients.

HYPOTHESES TO BE TESTED

It is possible to synthesise 3 hypotheses that can be
tested by deep-sea marine nematode data from the
North Atlantic: (1)The use of rarefaction for detecting

biogeographic species richness can be problematical
because of its sensitivity to equitabihty. (2)The Norweglan Sea has an unusually low diversity relative to
the rest of the North Atlantic. (3) Deep-sea nematode
diversity is positively associated with primary production.

NEMATODE ANALYSES

This paper utilises marine nematode data. Nematodes are by far the most abundant metazoan taxon
in the deep sea and appear to have a high diversity
(May 1988, Gaston 1991, Lambshead 1993). Deep-sea
nematode diversity has been investigated for only a
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1994; Boucher & Lambshead 1995), mostly from the
North Atlantic. The data employed here are listed in
Table 1. Care was taken only to employ samples that
were reasonably compatible in both sampling and taxonomic terms. For example, only data generated from
box cores or multiple cores were used. The arguments
for what constitutes 'reasonableness' in this context for
these data are set out in Boucher & Lambshead (1995).
Sixty-nine samples of marine nematodes were available for analysis from 17 locations.
In this paper, rarefaction statistics (ESI.511) are compared with a species count per station. Because ships
collect clusters of samples at sites, it is the sites that are
independent, not the samples, so means obtained from
rarefaction analysis of the samples from a site are used

Table 1. The sites, thelr latitude to the nearest degree north, the mean and standard deviation of the ES(51)rarefaction statisti.cs
for the cores from the site, the species count from the site, and the number of cores and nematodes on which the analysis is based.
'Site with major sediment disturbance
Station

Norwegian Sea
Rockall Trough, 545 m
Rockall Trough, 835 m
Rockall Trough, 1474 m
Porcupine Abyssal Plain (1989)
Porcupine Abyssal Plain (1991)
HEBBLE Stn 1'
HEBBLE Stn 2'
Madeira Abyssal Plain'
Hatteras Abyssal Plain
Puerto Rico Trench 1'
Puerto Rico Trench 2'
Puerto Rico Trench 3'
Puerto Rico Trench 5
Venezuela Basin 1
Venezuela Basin 2'
Venezuela Basin 3

Latitude
(ON)

Depth
(m)

Mean
ES(51)

SD

Species
count

No. of individuals (cores/
nematodes)

68
56
56
57
49
49
40
40
31
32
19
20
20
19
15
13
13

1332
545
835
1474
4850
4850
4626
4626
4950
5411
7460
8189
8380
2217
3858
5054
3517

24.07
28.72
31.08
27.39
28.80
32.92
24.94
25 26
25.39
29.95
25.36
22.43
21.59
26.78
27.21
31.78
32.13

1.63
0.13
2.36
1.23
2.14
1.11
2.98
1.40
1.21
1.05
1.OO
0.48
4.04
1.06
2.04
2.19
0.98

73
81
83
93
131
156
133
124
78
88
55
47
46
63
54
73
85

W1629
3/304
3/292
3/334
6/1256
6/1428
8/1331
9/1152
6/578
2/507
3/344
3/284
3/394
2/339
2/309
2/270
2/425
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Table 2. Pearsons correlations for the rarefaction index,
ES(51), species count, depth, and latitude (including Norwegian Sea data/excluding Norwegian Sea data). 'Significant at
the 0.05 level, "significant at the 0.025 level
Latitude

ES(51)

1
0

,
20

Sites

Mean
ES(51)

SD

No. of sites

Northern
Southern

28.44
26.96

2.91
3.76

7

0.426/0.415

9
p = 0.393
not significant

-0.401/-0.522 -0.180/-0.225

as datum points in this analysis and the counts are calculated per site, not per sample.
Table 2 shows Pearson correlations for the 2 diversity
measures, latitude, and depth. Note that depth inversely correlates with latitude in the North Atlantic.
ES(51) correlated poorly with any of the parameters,
except a modest but insignificant correlation with species count. Species count showed a positive correlation
with latitude but fortunately no correlation with depth.
Fig. 1 shows rarefaction means (ES[51])for sites plotted against latitude. There was no correlation between
latitude and the rarefaction statistic (excluding the
Norwegian Sea, the plotted regression of ES[51] on latitude was R2 = 5.3 %, p = 0.393; including the Norwegian Sea, the regression of ES[51] on latitude was R2 =
0.6%, p = 0.766). The sites were divided arbitrarily into
2 blocks by the 35"N line and tested using Student's t
(excluding the Norwegian Sea) (Table 3). The 35" line
was chosen because it roughly divides the ocean
basins in half. There was no significant difference
between the 2 blocks. Including the Norwegian Sea

0

Table 3. Comparison of the mean ES(51) scores for sites north
of 35"N versus sites south of this latitude using a 2 sample
t-test (excluding the Norwegian Sea)

Species
count

-

ES(51)
0.078/0.229
Species
0.494 '/0.616"
count
Depth
-0.610"/-0.553'
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40

60

merely reduces the difference between the means,
increasing the lack of significance. We conclude that
rarefaction analysis shows no evidence for a latitudinal
gradient.
It remained to test whether this result was because
there was no latitudinal gradient of diversity in deepsea nematode data in the North Atlantic or because
rarefaction was influenced too strongly by local ecology in the complex Atlantic basins. To test for the influence of ecology on rarefaction, we divided the samples
into those from areas influenced by physical processes
sufficient to move sediment, and reference sites. The
low diversity Norwegian Sea was excluded to avoid
influencing the ecological analysis by its known specific history. The deep sea suffers less from physical
disturbance than coastal habitats but high-energy
water currents have been shown to affect the diversity
of infaunal organisms, e.g. at the HEBBLE high energy
stations (Thistle & Sherman 1985).
Sediment analysis suggested that the Madeira
Abyssal Plain Stn P (Lambshead & Hodda 1994) and
Venezuela basin Stn 2 (Tietjen 1984) had been affected by turbidites, and HEBBLE by severe benthic
storms (Thistle & Sherman 1985). The deep-trench
sites such as Puerto Rico 1, 2 and 3 (Tietjen 1989)
were included in this group because of sediment
slides from the canyon slopes (Grassle 1989). The
undisturbed ES(51) cores had a significantly higher
diversity than the disturbed cores (Table 4), demonstrating how diversity indices for deep-sea infauna
can be influenced by local ecology. It is noteworthy
that the mean ES(51) for the Norwegian Sea (24.07)
Table 4. Comparison of the mean ES(51) scores for sites w t h
undisturbed sites versus sites with disturbed sediments using
a 2 sample t-test (excluding the Norwegian Sea)

Latitude " North
Sites

Mean

SD

No. of sites

Und~sturbed
Disturbed

29 06
25.32

2.12
2.27

8
7

Fig. 1 Rarefaction (ES[51]) means derived from replicate

samples of marine nematodes from a number of sites in the
North Atlantic plotted against latitude. (m) Stations subject to
physical disturbance; NS- Nonvegian Sea site. Excluding the
Norwegian Sea the regression equation is: ES(51) = 26.1 +
0.0471 latitude. R2 = 5.3 %, p = 0.393

p = 0.026
sigruficant
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was low compared to the mean for physically impacted sites (25.32).
We must stress that this test is not an investigation
into physical disturbance effects on deep-sea nematodes (it is too crude for that), but it is an illustration of
how effective and sensitive rarefaction can be for
detecting local ecology, even where the test is crude.
The efficacy of rarefaction in this context has been
pointed out by other authors (e.g.Brewer & WiIIiamson
1994). It is interesting how little deep-sea nematode
diversity was depressed by physical disturbance at
sites such as HEBBLE. Physical disturbance is known
to have a bigger impact on macrofauna than on meiofauna diversity in shallow studies (e.g. Austen et al.
1989, Warwick et al. 1990).
The next step was to test whether species richness as
measured by species count gave a better biogeographic signal than rarefaction. The ideal method for
benthic data is to plot species count against area.
Unfortunately, the subsampling system used for diversity analysis of deep-sea nematode cores makes this
problematical. Gray (1994) has plotted species against
cumulative area and species against cumulative number of individuals for benthic fauna and found close
agreement between the plots. So in this analysis, a plot
of species count against number of individuals is used
as an alternative to a plot of species count against area.
The plot of species count against number of individuals (Fig. 2) showed a strong positive correlation
(excluding the Norwegian Sea, the plotted regression
of species count on number of individuals was R2 =
81.8%, p < 0.001; including the Norwegian Sea gives
a regression line of R2 = 51.1 %, p = 0.001). This
close correlation was the expected result assuming no

0

4
0

m

lax

1x0

2ax

0

20

60

40

80

Latitude " North
Fig. 3. Species count plotted against lat~tudefor a number of
sites in the North Atlantic. (H) Stations subject to physical disturbance; NS: Norwegian Sea site. Excluding the Norwegidn
Sea the regression equation is: species count = 46.0 + 1.24
latitude. R* = 37.9%, p = 0.011

large-scale environmental or historical influences.
However, the Norwegian Sea was clearly an outlier. It
demonstrated reduced species richness even more
notably for species count than rarefaction data. This
result supports the view expressed by Rex et al. (1997)
that this region is different in some way from the other
basins of the North Atlantic. An impact of ecological
disturbance was not evident in the species counts.
These results demonstrate Gage h May's (1993) and
Gray's (1997)points.
The pIot of species count against latitude (Fig. 31
showed a weaker but significant correlation (excluding
the Norwegian Sea, the plotted regression of species
count on latitude was R2 = 37.9%. p = 0.011; including
the Norwegian Sea gives R2 = 24.3 %, p = 0.044). This is
not convincing as the line is heavily influenced by the
large samples at 40 to 50°N. To remove the impact of
the strong correlation between species count and number of individuals, the regression equation for species
count on number of individuals and latitude was calculated and is shown in Table 5. If number of individuals
was removed from the regression a significant positive
regression (p = 0.008) was still obtained for latitude. In
short, there appears to be evidence for a positive latitudinal gradient from 13 to 56"N.
Table 5. Regression of species count (SC) on number of individuals (NI) and latitude (LT). SC = 30.2 + 0.0611 NI + 0.611
(SD= 0.195) LT. R2 = 89.6%

Number of Individuals
Source
Fig. 2. Count of marine nematode species per North Atlantic
site plotted against the number of individuals In the samples
at that site. (H) Stations subject to physical disturbance; NS:
Norwegian Sea site. Excluding the Norwegian Sea the regression equation is: species count = 44.8 + 0.0705 number of
individuals. R2 = 81 8 % , p < 0.001

df

NI (ignonng LT)
1
LT (adjusted for NI) 1
Error
13
Total
15

SS
13520
1291
1711
16522

MS

F

p

13520
1291
9.81 0.008
131.6
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CONCLUSIONS
Any conclusions about deep-sea latitudinal gradients remain equivocal because (1) the data are both
quantitatively and qualitatively inadequate and (2) the
Atlantic is not an ideal place to collect data for such a
study because of its division into basins, the problematical inclusion of the Norwegian Sea, and lateral
transport of organic flux from the coast. But a few tentative conclusions may be reached.
It must be concluded that Gage & May (1993) and
Gray (1997) were correct to warn about rarefaction as
a potentially misleading measure of large-scale biogeographic patterns possibly because of its sensitivity
to equitability and, hence, local ecology. So Hypothesis 1 is accepted.
The nematode data suggest that the Norwegian
deep sea is noticeably different from other Atlantic
basins, which is why Brey et al. (1994) did not find
diversity similarly depressed in the South Atlantic. So
Hypothesis 2 is accepted.
A complex productivity pattern with a positive
south-north component appears responsible for a positive latitudinal gradient in deep-sea nematode diversity in the Atlantic between 13 and 56"N. The gradient
is consistent with the productivity argument for marine
latitudinal diversity suggested by Roy et al. (1998).
Although it must be emphasised that this result does
not falsify the concept of an evolutionary process being
responsible for latitudinal gradients, it appears to demonstrate that a historical mechanism is not necessarily needed to explain such a pattern if a productivity
gradient is also present. So Hypothesis 3 is accepted,
albeit tentatively.
This nematode pattern is quite different from those
reported for gastropods, bivalves and isopods by Rex
et al. (1993).Recent work has demonstrated that deepsea nematodes are closely coupled to the organic flux
(Lambshead & Hodda 1994, Cook et al. 1999, Brown et
al. in press). It may be that the diversity of relatively
larger, and rarer, organisms are less linked to organic
flux, and are more influenced by historical-geographical events in the high latitudes of the North Atlantic
(Rex et al. 1997, p. 115).
Conclusions about the mechanisms of deep-sea latitudinal gradients must be considered speculative
until further research has validated the observed patterns. Two areas would be especially fruitful for
research. The first is to investigate the latitudinal
diversity patterns of polychaetes in the Atlantic. Polychaetes also show a close association with organic
flux compared to molluscs (see Cook et al. 1999) and
if these conclusions are correct we predict that polychaete dversity should show similar patterns to nematode diversity.
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Secondly, it would be extremely helpful to test these
conclusions in a less complex area than the North
Atlantic. Smith et al. (1997) have shown a strong association between the benthos and latitudinal changes
in organic flux in the abyssal equatorial Pacific. This
region is geographically simpler than the North Atlantic, being less divided into basins and separated
from coastal influences. It also lacks the historical
events that have influenced the Norwegian Sea. If the
conclusions in this paper are correct, we may predict a
deep-sea nematode, and possibly polychaete, organic
flux-influenced, latitudinal diversity gradient in the
equatorial Pacific that declines from the equator to the
north. This pattern should be absent or much less pronounced in mollusc or isopod diversity data. An additional prediction is that diversity patterns indicated by
diversity indces should be similar to species richness
as indicated by a species count, because of the less
complex ecological situation in the equatorial Pacific.
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