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ABSTRACT: Abyssal benthic trawling is time-consuming and therefore costly. In practice, such sam- 
pling to elucidate demersal fish ecology accrues largely opportunistically over long periods. Thus, it 
was that striking contrasts in fish morphology, ultimate size, f eedng  pattern and fecundity were iden- 
tified across a north-south boundary zone in the eastern North Atlant~c from 12 samples. The results 
were later refined with the addition of a further 13 samples. Now, collection of a further 20 samples, 
malung a total of 45, has broadened spatial coverage further. This has led to former sample groupings 
coalescing to complicate initial indications and published interpretations, although confirming the 
major findings. Hence, evidence of the influence of latitude on sample composition (together with that 
on the biological characteristics of the dominant species) was strengthened (consistent with response to 
changes in overlying productivity suggested initially). Yet the influence of bathymetry on sample com- 
position was considerably weakened, although remaining s~gnlficant, especially along latitude 31°N 
close to the zone of ichthyofaunal change. 
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INTRODUCTION 

'Logistical difficulties associated with sampling the 
abyssal ocean floor at 4000-6000 m depth have meant 
that this region, the largest habitat on Earth (53% 
global surface area [Siindermann 1986]), is by far the 
most poorly known. The difficulties concern largely 
ship suitability; few research vessels are available with 
a winch capacity containing the 15000 m or so of trawl 
wire necessary to fish below 4000 m depth. The atten- 
dant operating costs are high and often limit the avail- 
able shiptime, since something less that two samples 
per day are recoverable from such great depths' (Mer- 
rett & Haedrich 1997). These difficulties associated 
with the physical collection of data can have a subse- 
quent effect on their interpretation. 

Nonetheless, Sulak (1982; 13 samples from below 
4000 m in the Bahamas, 4 samples from the Middle 

Atlantic Bight) and Anderson et al. (1985; 28 samples 
from the Caribbean) assembled such data, and from 
them identified differences in the fauna1 composition 
below 2000 m with respect to dominant species among 
these 3 regions of the western basin of the North 
Atlantic. These authors then related the ecology of the 
species collected to the respective overlying olig- 
otrophic and eutrophic regimes of primary production. 

Published work on assemblage structure of the 
abyssal demersal fish in the eastern basin of the North 
Atlantic (Merrett 1987; 12 samples > 4000 m), comple- 
mented by the addition of further data (Merrett 1992; 
13 samples opportunistically obtained to consolidate 
the earlier findings and to extend regional coverage 
[ l2  + 13 = 25 samples]), had indicated an abyssal zone 
arguably structured by the overlying productivity 
regime. It was influenced also by bathymetric varia- 
tion, even within the 4000 to 5400 m stratum investi- 
gated. Now a further 20 conlparable trawl samples 
have been added (making a total of 45), and these 
modify the picture once again. 
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Table 1. Condensed sampling data and dominant species per trawl haul for 45 stations from the abyssal eastern North Atlantic 

Serial Station Latitude Longitude Depth Sample Dominant species 
no. no. ON "W (km)  Spp. rich. Abundance 

1 913101 20 21 4 5 19 Coryphaenoides (Lionurus) carapinus 
2 1065201 37 11 5.1 7 38 Echinomacrurus moLLis 
3 1111601 47 15 4 8 35 Coryphaenoides (Nematonurus) armatus 
4 1111801 45 18 4.6 8 26 Coryphaenoides (ChaLin ura) profundicolus 
5 1112114 4 1 2 1 4.1 10 95 Coryphaenoides (Chalinura) leptolepis 
6 1113401 34 18 4.8 15 43 Bath ypterois longipes 
7 1126152 31 25 5.4 11 4 1 Ba thymicrops regis 
8 1126158 31 25 5.4 7 4 1 Bathypterois longipes 
9 1126144 31 25 5.4 9 59 Bathymicrops regis 

10 1155301 22 21 4.5 6 10 Coryphaenoides (Lionurus) carapinus 
11 5240313 4 8 l 5  4.8 7 14 Coryphaenoides (Chafinura) leptolepis 
12 1190844 48 16 4.8 6 45 Coryphaenoides (Nematonurus) armatus 
13 1190851 48 16 4.8 4 26 Coryphaenoides (Nematonurus) armatus 
14 1190868 4 8 16 4.9 9 43 Coryphaenoides (Nematonur~~s) armatus 
15 1190901 3 1 16 4.4 7 23 Bathysaurus mollis 
16 1191001 35 14 4.4 8 5 6 Coryphaenoides (Chalinura) profundicolus 
17 1191107 3 8 11 5.1 8 2 1 Echinomacrurus mollis 
18 1217431 3 1 2 1 4.9 3 20 Echinomacrurus mollis 
19 1217702 21 20 4.1 11 6 1 Coryphaenoides (Chalin ura) profundicolus 
20 1217901 2 2 2 1 4.6 10 57 Ba thyonus laticeps 
21 1218901 20 24 4.6 8 17 Coryphaenoides (ChaLinura) profundicolus 
22 5051.501 4 9 15 4.5 5 13 Coryphaenoides (Nematonurus) armatus 
23 5071101 4 9 15 4.8 5 34 Coryphaenoides (Nematonurus) armatus 
24 5081101 4 9 14 4.4 4 23 Coryphaenoides (Nematonurus) armatus 
25 5091001 4 9 14 4.3 5 4 8 Coryphaenoides (Nematonurus) armatus 
26 94/92/04 50 14 4 6 162 Coryphaenoides (Nematonurus) armatus 
27 94/92/07 50 14 4 4 62 Coryphaenoides (Nematonurus) armatus 
28 94/92/14 50 14 4.1 6 86 Coryphaenoides (Nematonurus) armatus 
29 1260012 20 31 4.5 l I 23 Bath yonus laticeps 
30 1260023 20 31 4.5 12 39 Bathyonus laticeps 
31 1260033 20 3 1 4.6 10 36 Bathyonus laticeps 
32 1260048 20 2 1 4.6 10 26 Bathymicrops regis 
33 1260057 20 31 4.6 10 22 Bathymicrops regis 
34 1260066 20 31 4.6 12 34 Porogadus sp. 
35 5320101 4 8 16 4.9 5 11 Coryphaenoides (Chalinura) leptolepis 
36 5320124 4 8 16 4.9 3 14 Coryphaenoides (Nematonurus) armatus 
37 5320128 4 8 17 4.9 6 15 Coryphaenoides (Nematonurus) armatus 
38 5320503 48 16 4.9 19 Coryphaenoides (Chalinura) leptolepis L 

39 5360201 38 12 4.9 ., 18 Bathypterois longipes L 

40 5360301 35 13 4.8 10 24 Bath ymicrops regis 
41 5360302 35 13 4.9 6 20 Coryphaenoides (Nematon urus) armatus 
42 5350701 31 16 4.4 8 24 Coryphaenoides (Nematonurus) armatus 
43 5360702 31 16 4.4 4 6 Coryphaenoides (Nematonurus) armatus 
44 5360703 31 16 4.4 6 17 Coryphaenoides (Nematonurus) armatus 
45 5360704 31 16 4.4 6 26 Coryphaenoides (Nematonurus) armatus 

Total: 1592 

MATERIALS AND METHODS 

The ichthyofaunal study was based on data from 25 
abyssal samples taken by a 45 foot (13.7 m) semi- 
balloon otter trawl (OTSB) from 4002 to 5440 m sound- 
ings in the area 20°08.9' to 50°15.2'N and 1l017 '  to 
31" 17.4'W during the period 1976 to 1995 (Tables 1 & 

2).  The dimensions, construction, method of fishing 
and sampling limitations of this trawl have been de- 

tailed earlier (Merrett & Marshal1 1981, Merrett 1987, 
1992, Rice et al. 1991). Tows were of a nominal 3 h 
duration on the sea-bed and took some 10 to 12 h from 
deployment to recovery. Acoustic monitoring of the 
tow was not always possible and often, not practicable 
as, in all but ideal surface conditions, the net was at the 
limit of acoustic telemetry (in excess of 11 km astern of 
the ship when on the bottom). Bottom contact time to 
lift off was therefore estimated following stand.ard pro- 
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Table 2. Condensed catch characteristics from 45 samples from the eastern North Atlantic indicating (a] family composition 
ranked by species richness and (b) the domnant species ranked by abundance. SL. standard length; TL: total length 

(a) Family Species 

Ophidiidae (0) 
Aphyonidae 
Ipnopidae ( I )  
Macrouridae (M] 
Alepocephalidae 
Zoarcidae 
Gigantactinidae 
Monognathidae 
Liparidae 
Synaphobranchidae 
Bathysauridae (B) 
Stephanoberycidae 

(b) Dom~nant species Family Overall 
Abund. % 

Coryphaenoides (Nematonurus) armalus M 
Coryphaenoides (Chalinura) leptolepis M 
Ba thypterois longipes I 
Coryphaenoides (Chalinura) profundicolus M 
Bathymicrops regis l 
Ba thyonus laticeps 0 
Echinomacrurus mollis M 
Coryphaenoides (Lionurus) carapinus M 
Bath ysaurus mollis B 
Porogadus sp. 0 

Max. size 
(cm) 
- -  

102 TL 
68 TL 
25 SL 

126 TL 
12 SL 
24 SL 
47 TL 
39 TL 

100 SL 
32 TL 

l Total: 40 Total: 1360 85 4 l 
cedures based on former successful acoustic observa- 
tions. All depths refer to soundings and, for each sta- 
tion, are given as mid-point values between the upper 
and lower limits recorded. 

The open mouth of the OTSB trawl has potential to 
collect both pelagic (during descent and ascent) and 
demersal (benthic and benthopelagic- whilst on the 
sea-bed) fishes. In the event, however, few midwater 
captures were made during veering and hauling the 
trawl. (Species from the midwater ichthyofauna were 
anyway readily recognisable as they are morphologi- 
cally and phylogenetically distinct from the demersal 
fauna [Merrett 19941 and well known in the sampling 
region from their representation in mouth opening/ 
closing net catches fished pelagically [Merrett pers. 
obs.].) Thus, the demersal species were identified to 
species and counted prior to fixation in 10 % saline for- 
malin. 

Measurement of overlap among samples was based 
on the sample size independent (Kohn & Riggs 1982) 
percentage similarity (PS) index, used for consistency 
with Merrett (1987, 1992), following the formula of 
Whittaker & Fairbanks (1 958): 

where p,, = the proportion assumed by species i in 
sample a and pib = the proportion assumed by species i 
in sample b. The resulting between-sample similarity 
matrix can be examined by a variety of ordination 
methods to elucidate the underlying inter-relation- 
ships between the sample sites. In the previous analy- 
sis of the original 25 samples, the technique of princi- 
pal co-ordinate analysis was used (Merrett 1992). In 
this paper we will use non-metric multidimensional 
scaling (MDS; Kruskal 1964) because this technique 
has been shown to be better at  recovering a known 

structure, especially when the data set contains a large 
number of zero entries (Fasham 1977). The samples 
can be considered as points in an S-dimensional space 
(S = total no, of species) and all ordination techniques 
are attempts to project the sample points from this 
high-dimensional space onto a lower dimensional ordi- 
nation space that will aid interpretation in a way that 
preserves, as much as possible, the inter-sample rela- 
tionships in the S-dimensional space. In non-metric 
multidimensional scaling the degree to which the orig- 
inal inter-sample relationships are preserved is mea- 
sured by a quantity called the stress and the aim is to 
try and minimise the stress while keeping the dimen- 
sions of the ordination space as low as possible. Some 
initial tests were carried out with ordination space 
dimensions from 1 to 4 and it was found that the opti- 
mal results were obtained using 3-dimensional (3-D) 
space. The resulting 3-D ordination was plotted in all 3 
con~binations of ordination axes and it was found that 
the space defined by the first 2 axes showed the same 
general pattern as was found in the earlier analysis 
(Merrett 1992), while the third axis did not appear to 
add much extra information. Despite this, the 3-D ordi- 
nation was preferred to a 2-D one because of the sub- 
stantially lower stress value (10 % compared to 17 %). 
In order to investigate the effects of differing sample 
size, 2 MDS ordinations were carried out, one of the 
full 45 samples and the other of the earlier set of 25 
samples used by Merrett (1992). 

RESULTS 

The data matrix was derived from 45  stations span- 
ning 30" of latitude and 1400 m of depth (4000 to 5400 m; 
Fig. l a ) .  These stations broadly clumped into 3 latitudi- 
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- the points were contained within much 
closer F2 axis limits. L a b e h g  the points of 
this plot with sample depth (Fig. 2a) 

-- showed that, in the negative F1 range, the 
21.31, distribution over the F2 axis was broadly 
32. 3. 34 

arranged by depth. The samples from the 
A AZO deepest stations (>5.0 km depth) occurred 

--29, 30 A A 10 in the upper left quadrant of the graph, 
while the shallower ones fall into the lower 

A 19 left quadrant. This was unlike the distribu- -- A I tion over the positive F1 range, where no 
bathyrnetric ordering is evident. 

Latitudinal patterns were more complex 
3 . 5 - I : I : I : I  (Fig. 2b). All but one of the most southerly 

15 20 25 30 35 40 45 50 55 stations (20' to 22" N) were located in the 
Latitude (Degrees North) bottom left quadrant of the plot, while 

1.5 - those north of 40" N were centrally placed 
with respect to the F2 axis, across the high- 
est F1 values. The remaining stations (31" 
to 38"N) were spread over the positive F2 

A J I  range and relatively broadly along the F1 

A 39 axis. Noteworthy here was the spread of 

I 

0.5 - 

AI 

A 17 

A 1 8  

A 8 

A 7 
A 9 

c 0 -  

-0.5 - 

- 1  - 

-1.5 q 

-1.5 - 1 -0.5 0 0.5 1 1.5 specimen abundance among these sam- 
F 1 ples generally (mean 35.4, range 156, SD 

Fly. 1. (a) Plot of 45  semi-balloon trawl station localities by soundings and 27.3) in the likelihood greater 
latltude and (b)  sample serial numbers ~ndicated on a plot of 3-D ordination variation in species richness per sample 
(by multidimensional scaling, MDS) of percentage similarity (PS) indices of than might be the case with larger 

the trawl sample matrix catches, due to the weak, but significant 
(5% level), correlation between abun- 

nal blocks, around 20" to 22ON (11 stations), between dance and species richness per sample (Table 1). 
31" and 38"N (16) and between 41" and 50°N (18). In Comparison of species richness per F1 interval across 
all, the collections yielded 1592 specimens represent- the F1 range of the 3-D MDS plot revealed further 
ing 40 species of 12 families (Tables 1 & 2). The detail (Fig. 3). The number of species common to 
Ophidiidae was the best represented family (9 species) more than one interval were evidently broadly similar 
at these depths, followed by the Aphyonidae (7) and among the negative F1 intervals towards 0, with the 
the Ipnopidae and Macrouridae (6 each). Among the frequency of unique species in each division decreas- 
dominant species per samples, the order was different. ing in that direction. The frequency of 'common' spe- 
Five of these species were macrourids, 2 each ipnopids cies decreased markedly in the positive direction from 
and ophidiids, and 1 bathysaurid (Table 2). In abun- 0, with unique species only occurring in the +0.5 to + l  
dance, these 10 species accounted for 85.4% of the interval. The 15 samples in the +0.5 to + l  interval 
total catch. were latitudinally concentrated and the ichthyofauna 

We use the first 2 axes (Fl, F2) of a 3-D MDS analy- was represented by a high proportion of unique spe- 
sis of sampling percentage similarities as the basis for cies (0  to -1.5, 10 species unique; +0.5 to 1, 6 unique). 
interpreting the different sampl~ng variables. The scat- The distribution of dominant species per sample (se- 
ter of points over the whole F2 range in the negative F1 lected subjectively on overall commonness of repre- 
half of the plot (Fig. lb )  was more widely and evenly sentation where CO-dominance of species per sample 
spread than occurs over the positive F1 range, where occurred; listed in Table 2) among the catches overall 

~ 2 1  A 40 samples from 31" N, which will be consid- 

A 19 ered separately below (see 'Discussion'). 
A33 

A 10 
A 30 A 20 

A 29 

A1 A3I 

Turning to the biological variables, sam- 
AI! 

ples showing higher species richness were 
generally located in the negative F1 range 
(3 to 15 spp. overall). There was a transi- 
tion around F1 = 0, in the positive direc- 

l tion, to mostly lower values (Fig. 3). Low 
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Fig. 2. Plot of 3-D ordination (by MDS) of PS indices of the trawl sample 
matrix with (a) sample depth (km) and (b) latitude indicated 

suggested that more variation occurred 
over the negative F1 range (8 species) than 
over the positive F1 range (5) (Fig. 4 ) .  
Hence, in the positive F1 range Cory- 
phaenoides (Nernatonurus) arrnatus (1) 
was the most frequently dominant species, 
with C. (Chalinura) leptolepis (2) and Ba- 
thysaurus rnollis (4) occurring as dominant 
species only in this range. Coryphaenoides 
(Chalin ura) profundicolus (3) and Bath y- 
pterois longipes (5) are species which dom- 
inated sporadically across a large part of 
the overall F1 axis. In the negative F1 
range, C. (Lionurus) carapinus (6) and Ba- 
thyonus laticeps (7) dominated samples 
only in the negative F2 range, whilst Echi- 
nomacrurus rnollis (10) dominated only in 
the positive part of this range. Bathyrni- 
crops regis (g), a diminutive species, oc- 
curred throughout both F2 quadrants, 

whilst Porogadus sp. (8) dominated a sin- 
gle sample only in the negative quadrant. 

DISCUSSION 

Previous analyses of sub-sets of these 
data (Merrett 1987, 1992) indicated the 
importance of an  ichthyofaunal divide 
around 38" to 41°N, together with the 
complexity of the association of bathyme- 
try and latitude with sample composition. 
The data from 25 samples indicated a con- 
gruence between the grouping of samples 
based on principal co-ordinates analysis of 
the percentage similarity matrix (PCA, 
biological data) and that derived from 
locality data alone (latitude and sounding, 
Merrett 1992, Fig. 2 therein). This similar- 
ity indicated that the first 2 eigenvectors of 
the PCA were correlated with latitude and 
soundings respectively and that these 
physical variables must be considered to- 
gether in explaining the biological distrib- 
utions. The MDS ordination of the 25 sam- 
ples gave broadly similar results to the 
previous PCA (Merrett 1992). 

With 45 samples in the data matrix, the 
situation is rather more complex than for 
an MDS for the earlier 25 samples. The 
correlation of the F1 axis with latitude was 
still strong (Fig. 2b). In fact the correlation 
between latitude and the F1 co-ordinate 

Spec~es - common 20 20 2 1 F1 15 11 5 

No samples 6 10 4 8 15 2 

Fig. 3. Plot of 3-D ordination (by MDS) of PS indices of the trawl sample 
matrix with species richness indicated. Below, values are given for the total 
species richness per 3-D MDS F1 range interval, as species common to more 
than one interval plus those unique to each range, together with sample 

frequency per range interval 
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Fig. 4. Plot of 3-D ordination toy MUSJ 01 ~3 inaic 
ple matrix with dominant species indicated (see text ror sp 

ples in group 3 in Fig. 5. Its lack of unique spe- 
cies representatives may reflect the relatively 
broad latitudinal span and narrow depth varia- 
tion of the component stations. 

Similarly, species dominance per sample 
varied in groups 1 and 2, but were largely 
monopolized by Coryphaenoides (Nernatonu- 
rus) armatus in the other 2 groups. Moreover, 
the abyssal assemblages beneath high surface 
productivity zones (a northerly region of deep 
winter mixing [group 4) and a southerly area 
under the influence of strong upwelling 
[group l]) tended towards greater separation 

1.5 
along the F1 axis than did the upper and lower 
abyssal assemblages in mid-latitudes (groups 2 - - 

es . , Of the and 3; cf. ~errett-1992).  
ecies order) 

The broad scatter of points over the ranges of 
variables studied was indicative of the loose 

was slightly higher for the full 45 stations (r = 0.87) than nature of the sample groupings. This contrasts with 
for the original 25 stations (r = 0.82). However the cor- earlier findings of relatively abrupt fauna1 boundaries, 
relation between the F2 co-ordinate and depth was seemingly evident from the smaller sample sizes. The 
weakened by adding the extra stations (r reduced from most cohesive grouping was still that set of samples 
0.65 to 0.51), although the correlation was still signifi- located in the 4.0 to 4 .9  km depth range and, with the 
cant at  the 1 % level. The question now is: how have exception of 2 samples (serial nos. 4 and 5: 45"N, 4.6 
the additional data effected this alteration? A summary km depth; 41°N, 4.1 km respectively), located north of 
of the current findings is shown in Fig. 5, where the 45ON. This broadly confirms the results previously 
samples are segregated by locality (latitude, longitude suggested by PCA analysis (Merrett 1992). Active, 
and depth) on the 3-D MDS scatter plot to approximate predatory species of large adult size and a high fecun- 
to the 4 groupings (1: upper abyssal, low latitude; 2: dity, likely 'all-at-once' reproductive strategy were 
lower abyssal, mid-latitude; 3: mid-abyssal, mid-lati- again associated with this grouping (cf. Merrett 1987). 
tude; and 4: upper/mid-abyssal, high latitude) distin- The influence of latitude on other variables was 
guished previously (Merrett 1992). Addition of the new removed by examining the 9 longitudinally spread sta- 
data has broadened the scatter of points, 
tending to cause the groupings to coalesce. 
Nonetheless, some trends are evident. Spe- 
cies richness in groups 1 and 2 was gener- 
ally high as mentioned above, somewhat 
contrasting with groups 3 and 4. This is 
borne out by the overall trend in species 0.5- 

richness indicated in Fig. 3, notwithstanding 
the effect of variable sample frequency per 0 -  
F1 axis division. This trend in declining spe- 
cies richness in a poleward direction is 
broadly consistent with those reported from 
this and other environments (Marshall 1963, 
Lindsey 1966, Roy et al. 19981 and, more 
directly, with the generality of depth-lati- 
tude CO-variation among eastern Atlantic -1.5, I 

marine fishes (Macvherson & Duarte 1994). -1.5 -1 -0.5 0 0.5 1 1.5 
~ A 

Noteworthy in this case is the seeming inter- 
mediate position of those stations which 

F1 

m+ Species richness El 
occurred in the 0 to +0.5 F1 range division in 

Fig. 5. Plot of 3-D ordination (by MDS) of PS indices of the trawl sample 
Fig' 3. This 'Ontained from matrix with groupings (1 to 4) delineated by area and soundings. The 
4.4 4.9 km and from 31" to 45ON, direction of latitudinal chanqe in species richness is also ~ndicated. 
which are almost con.gruent with the sam- H: high, i: low 
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Fig. 6. Plot of 3-D ordination (by MDS) of selected PS indices of the trawl 
sample matrix along latitude 31" N, summarizing longitude, depth, species 
richness and dominant species respectively for each sample. (Boxed 

numbers indicate sample serial numbers from Fig. 1 and Table 1) 

tions at 31°N in the 3-D MDS scatter plot (Fig. 6). All 
samples (5) at 16OW and 4.4 km depth had a species 
richness of 4 to 8 per sample; Coryphaenoides (Nerna- 
tonurus) armatus dominated 4 of these and Bathy- 
saurus mollis the other one. Located in the positive F1 
half of the range, these samples tended to link the 
lower latitude faunal groupings with the tightly clus- 
tered 'pan handle' of northerly samples. The remain- 
Ing samples, less tightly clustered and located in the 
more negative part of the F1 range and positive part of 
the F2 range, were from stations occupied farther west 
(21" to 25" W) and appreciably deeper (4.9 to 5.4 km). 
Species richness among them was variable (3 to 11 
species per sample) with Bathypterois longipes ( l  sam- 
ple), Batl~ymicrops regis (2) and Echinomacrurus mol- 
lis ( l )  dominating. 

Ecologically, the 2 groups of dominant species iden- 
tified above represent the extremes of individual max- 
imum size, foraging and reproductive strategies noted 
earlier (Merrett 1987, 19921 for species dorninatinq on 

however, that several of the more northerly 
samples in the positive F1 half of the 3-D 
MDS plot were collected deep at around 
4.8 to 4.9 km. These had faunal character- 
istics similar to those of the shallower (4.4 
km) 31" N samples. Equally, the southerly 
stations (20" to 22ON) were in the 4.1 to 4.6 
km depth range and yet were very differ- 
ent in their ichthyofaunal characteristics. 
The causal link originally proposed 
between surface productivity and abyssal 
ichthyofaunal life-history parameters (Mer- 
rett 1987) remains consistent with these 
results. Since oceanic standing crop de- 
creases exponentially with depth (Angel & 
Baker 1982), a 1000 m bathymetric change 
in living depth, and therefore in food avail- 
ability, seems fully consistent with the 
alteration in life-history patterns described 
above. Likewise, the highly seasonal 
northerly region north of around 40" N can 

be expected to possess different productivity charac- 
teristics to those existing in one of the major global 
centres of upwelling. Thus, while addition of 20 more 
data sets brings out the complexity of the abyssal 
assemblage structure in the eastern North Atlantic 
region, the role of surface production and its influence 
at different bathymetric levels even within the abyssal 
zone is maintained (cf. Roy et al. 1998). 

The evolution of this Line of ongoing research shows 
plainly how sample size affects results, in both qualita- 
tive (in this case locality choice and distnbution pat- 
terns) and quantitative (integrity of faunal groups) 
ways. Thus, while species richness evidently decreases 
in a northerly direction and the larger, more active 
benthopelagic, as opposed to benthic, fishes dominate 
in the north as originally observed, the abyssal assem- 
blage structure has turned out to be much more com- 
plex than first indications and published interpreta- 
tions suggested. 
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