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ABSTRACT: The assemblages of the demersal fish fauna of the Azores Archipelago are described
from longline surveys that extended from the coastline to 1200 m water depth. A total of 104 fish spe-
cies from 47 different families were caught, and despite the changes of biogeographic affinities with
depth, most species caught are of subtropical origin (mainly from the Eastern Atlantic/Mediterranean
areas) or have a broad geographic distribution. Four large-scale fish assemblages following a depth-
aligned structure were found: a shallow-shelf/shelf-break assemblage at depths < 200 m, an upper-
slope assemblage at 200-600 m, a mid-slope assemblage at 600-800 m and a deep mid-slope assem-
blage at 800-1200 m. Within the main shallow assemblage, 4 small-scale fish assemblages were
found: an inner-shelf-island assemblage, an outer-shelf-island assemblage, a seamount/island-
shelf/shelf-break assemblage and a transitional shelf/break assemblage. The bathymetric delin-
eation of the mid-slope assemblages coincides with the known distributions of the North Atlantic
Central Water (NACW), Mediterranean Water (MW) and the upper influence of the intermediate
waters in the region: the northern sub-polar waters (Subarctic Intermediate Water [SAIW], the
Labrador Sea Water [LSW]) and the Antarctic Intermediate Water (AAIW). The delineation of the
shallow small-scale fish assemblages appears to be determined by small-scale environmental factors
(e.g. bottom characteristics, seamounts or island areas).
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INTRODUCTION

The ichthyofauna of the Azores islands has been
studied since the end of the nineteenth century (Santos
et al. 1995), and more than 460 marine fish species have
been listed for the area (Santos et al. 1997). During the
1970s and 1980, fishing surveys were conducted by the
former USSR (Vinnichenko 2002), Norway (Dias et al.
1976), and Portugal (Dias & Cascalho 1991). In 1995, the
Department of Oceanography and Fisheries (of the
University of the Azores — DOP/UA¢) began regular
longline surveys (Menezes 2003), providing data for
new descriptions of the structure and spatial distribu-
tion of demersal and deep-water fish assemblages in
the Azores. In recent years, shelf fish assemblages also
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have been studied for several coastal habitats in the
Azores (Azevedo 1997, Afonso 2001).

Description, structuring factors and persistence of
demersal fish assemblages have been documented for
several continental-shelf and -slope habitats (e.g.
Colvocoresses & Musick 1984, Overholtz & Tyler 1985,
Mahon & Smith 1989, Bianchi 1992a,b,c, Gomes et al.
1992, 1995, 2001, McKenna 1993, Rogers et al. 1998,
Gaertner 2000, Williams et al. 2001). Knowledge of
the deep-demersal fish fauna in the Atlantic also has
improved considerably in recent years (Mauchline &
Gordon 1985, Haedrich & Merrett 1988, Merrett et al.
1991, Stefanescu et al. 1993, Gordon et al. 1996,
Haedrich 1997, Merrett & Haedrich 1997, Bergstad
et al. 1999, D'Onghia et al. 2004).
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Benthic and benthopelagic fish communities typi-
cally are studied using bottom trawls. On the Mid-
Atlantic Ridge (MAR), commercial trawling has been
conducted, but only a few exploratory fishing surveys
have used trawls (Hareide & Garnes 2001, Vin-
nichenko, 2002). Recently, exploratory fishing target-
ing orange roughy Hoplostethus atlanticus took place
within the Azores EEZ below 800 m depth, and more
than 20 new fish species were recorded for the area
(Melo & Menezes 2002). The use of trawls in certain
areas, such as the Atlantic islands, is difficult due to the
steep, rocky and irregular bottom. Because of this,
longlines have been used in most studies of the demer-
sal and deep-water fish species assemblages in these
archipelagos (Uiblein et al. 1996, Menezes 2003).

In this study, we characterize the structure and spa-
tial distribution of the shelf and slope demersal fish
fauna of the Azores islands and identify the main fish
assemblages from a few meters to 1200 m water depth.
To our knowledge, this is the first time that longline
gear has been used to study the ecological features of
the demersal ichthyofauna of the Azores over such a
wide depth range. The objectives of this work were to
(1) characterize the species composition and general
structure of the catches, (2) determine major demersal
fish assemblages of the Azores waters, as well as
describe their general composition, spatial distribu-
tion, and characteristic species, and (3) examine and

identify major fish-assemblage boundaries, elucidat-
ing, whenever possible, their environmental deter-
minants.

STUDY AREA

The archipelago of the Azores (36 to 40°N, 24 to
32° W) is the most isolated and extensive island group
in the northeastern Atlantic (Fig. 1). It is composed of 9
volcanic islands distributed in 3 groups along a tec-
tonic zone extending about 600 km WNW-ESE and
several small islets, with a coastline that totals about
790 km. As a volcanic archipelago of recent origin, the
Azores islands are characterized by very narrow
shelves and steep slopes. The seafloor around the
Azores is very irregular and rocky, with numerous sub-
marine elevations of very different size, shape, depth
and degrees of isolation. The size of the Azores EEZ is
about 1000000 km?, with an average depth of about
3000 m, but the exploitable fish habitat is relatively
small, with the depths less than 600 m covering only
about 1% of the entire EEZ (7000 km? Menezes 2003).
During winter a deep mixed layer is present around
150 m, and in summer a seasonal thermocline develops
around 40 to 100 m. Average sea surface temperature
varies between 15 and 20°C during winter and be-
tween 20 and 25°C during summer (Santos et al. 1995).
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Fig. 1. The Azores archipelago. Location of fishing stations sampled during bottom longline surveys covered by the RV
'Arquipélago’ in 1995, 1996, 1997, 1999, and 2000. Stations are indicated with circles. Abbeviations for the 4 banks covered
during the cruises are as follows: PAL — Princesa Alice; ACO — Agores; DJC — Dom Joao de Castro; MPR — Mar da Prata
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Currents. The Azores region is located at the
northern edge of the North Atlantic Subtropical Gyre
(SG), characterized by a high horizontal temperature
gradient, with the oceanographic conditions being
strongly influenced by the Gulf Stream western cur-
rent, which transports warm water of equatorial and
tropical origin into colder northern water. The cur-
rent system that surrounds the Azores is complex
(Alves & Verdiere 1999, Johnson & Stevens 2000,
Bashmachnikov et al. 2004). The system is largely
dominated in the south by the warm Azores
Front/Current (AFC or AzC) system, that crosses the
MAR at 34 to 36°N, and in the north by the cold
southern branch of the North Atlantic Current (NAC;
Alves & Verdiere 1999, Bashmachnikov et al. 2004).
One additional flow lies between the NAC and the
AzC and is found between 39 to 42°N (Bashmach-
nikov et al. 2004). In addition, mesoscale eddies (100
to 200 km) on both sides of the AzC have been
reported (Alves & Verdiere 1999). The small and
mesoscale oceanographic features of the region are
poorly known. Upwelling phenomena are frequently
observed around the Azores islands through high-
resolution SeaWiFS satellite imagery (A. Martins
pers. comm.). The complex bottom topography also
causes other oceanographically important phenom-
ena such as jets and/or trapping currents (e.g. Taylor
columns) around seamounts.

Water masses. Several water masses occur around
the Azores. The North Atlantic Central Water (NACW)
is located at depths shallower than 700 m and is out-
lined by the permanent thermocline. Beneath the
permanent thermocline lie the intermediate waters
formed at high latitudes. In the region, northern sub-
polar waters (Subarctic Intermediate Water [SAIW],
the Labrador Sea Water [LSW]) and Antarctic Inter-
mediate Water (AAIW) predominate at intermediate
depths. Mediterranean Water (MW) can penetrate into
the region at about 800 and 1200 m (Santos et al. 1995,
Johnson & Stevens 2000).

SAIW and LSW water masses make a major contri-
bution to the characteristics and export of North
Atlantic Deep Water (NADW) (Dinter 2001). This
water, occurring between about 2000 and 4500 m
(Mann & Lazier 1996), is the dominant water mass
below intermediate depths.

MATERIALS AND METHODS

Surveys and data. We analyzed the data from long-
line surveys conducted annually off the Azores Archi-
pelago between 1995 and 2000 (except 1998) by the
RV 'Arquipélago’. The sampling design was primarily
implemented to estimate annual abundance indices for

the demersal ichthyofauna. Most sampling covered
depths up to 600 m, but was extended to 1200 m depth
at some stations. All surveys followed a stratified ran-
dom design; stratification was based on geography and
depth (50 m depth intervals). Areas and sub-areas
were defined based on their geographical proximity
(e.g. central group of islands) and type (e.g. islands,
seamounts). The average number of 30 stations per
annual cruise was proportionally allocated according
to the size of each area or sub-area (from 0 to 600 m
depth). The station locations were randomly selected
within each sub-area.

In all surveys we used the ‘long-chain shots’ strategy
(a long transect), where a continuous length of gear
was deployed at 0 to 600 m (or O to 1200 m at some sta-
tions). The sample units were the depth stratum obser-
vations within each station. In most years, the data
were stratified by 50 m increments. Different depth
stratification was applied for the 1995 survey: 50 m
depth interval at 0 to 200 m depth; 100 m depth inter-
val at 200 to 600 m depth; and 200 m depth interval at
600 to 1000 m depth. For this reason, the data from the
1995 survey were excluded from some of the analysis
presented in this work, and in other cases only the
comparable first 4 depth strata (50 m strata) were used.
A total of about 620000 hooks were deployed and
145 stations were sampled during the annual longline
surveys.

Sampling gear: A standardized longline gear baited
with ‘chopped salted sardine’ was used for all surveys.
The longline gear used is identical to the one typically
used in the Azorean commercial fishery and is locally
known as ‘stone/buoy longline'. This gear minimizes
the risk of gear loss in the typically rugged bottoms;
buoys spaced 74 m apart float the gear off the bottom
and alternate with stones that weight the gear. The
longline units (approximately 37 m long) are termed
‘quarter-skate’ and contain 25 to 30 J-type hooks no. 9
(Mustad size equivalent with a gape of 12 mm)
(Menezes 2003).

Biological and fishing data: All fishes caught were
sorted and identified to the lowest taxonomic level
possible (usually species), counted, weighed, and
measured. More detailed biological sampling was
conducted on some species. Species catch data, in
number and weight, were standardized by effective
fishing effort (per 1000 hooks). The effective fishing
effort (those hooks that fish effectively) by station and
depth stratum was calculated by subtracting the
estimated missing hooks (lost or tangled hooks) from
the estimated total number of hooks deployed. Esti-
mates of the number of lost hooks were obtained
through sampling and classification of the hooks at
the time of gear retrieval (for more details, see Mene-
zes et al. 2001).
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In this study, nomenclature, species identification,
and auxiliary information on species distribution, zoo-
geographic affinities, and prey habitats, follow Fish-
Base (Froese & Pauly 2005), Compagno (1984a,b),
Whitehead et al. (1984-1986) and Santos et al. (1997).

Environmental data: Seven abiotic measurements
were recorded: longitude, latitude, mean depth, mean
temperature, steepness (local bottom slope), irregular-
ity (depth variability) and depth stratum size (horizon-
tal distance between the start and end positions of
each depth stratum). Temperature profiles were col-
lected at some stations using expendable bathyther-
mograph probes (XBT). Average temperature depth
profiles (50 m interval) were calculated and assumed
equal for all stations sampled that year.

Steepness, irregularity and depth stratum size were
calculated from data collected during gear deployment.
Geographic position and depth were recorded at the
beginning of each quarter-skate longline section (QS).
This data was then used to estimate the station/depth
stratum steepness as follows (in degrees):

steepness;; = arctan(@) with Lj=n; XLy
ij
where 50 m is the constant depth stratum height, L; is
the total estimated horizontal length of the gear de-
ployed at stratum j of station i, n;is the total number of
QSs deployed, and Lqg is the estimated mean length of
each QS of the longline used, which was assumed to be
about 36.5 m length.

The irregularity index of each station/depth stratum
was calculated according to the following expression:
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where S7is the variance of the successive differences
of the depth soundings d of the QSs m, divided by the to-
tal depth-sounding range (dpax — dmin) for each stratum j
at station i. In those cases where only 1 or 2 QS were de-
ployed in a given depth stratum, the irregularity index
value was assumed equal to the value of the preceding
stratum of that particular station. The type of substrata
(e.g. rock, sand, mud) is an important structuring factor
that affects the spatial distribution and abundance of the
demersal fish fauna. In the absence of this type of auxil-
iary information, the steepness and irregularity indices
can be regarded as proxies for those sea-bed topo-
graphic features. Empirically, higher values of the irreg-
ularity index are expected for rocky areas and lower val-
ues of the steepness index are expected for soft-bottom
areas, where sedimentation is expected to be greater.

Analytical methods. Multivariate analysis: We ex-
amined the large-scale structure of the demersal fish
assemblages by evaluating the similarities between

n

samples and identitying species using 2 multivariate
techniques of classification and ordination: the 2-way
indicator species analysis (TWINSPAN, Hill et al. 1975)
and non-metric multidimensional scaling (MDS), intro-
duced by Shepard (1962, in Clarke & Warwick 1994)
and Kruskal (1964, in Clarke & Warwick 1994).

To complete these analyses, a pooled 2-way data
matrix (station/depth stratum vs species) was built
from all 4 survey years (1996, 1997, 1999 and 2000).
Species were excluded if they occurred in less than 1 %
of the stations. The pelagic species Scomber japonicus
was excluded because they are likely caught in the
water column during line deployment or retrieval. The
final data matrix used in the multivariate analysis
resulted in 1364 sampling units X 29 species.

The TWINSPAN classification analysis was completed
by applying the routine implemented in the software
PC-ORD, ver. 4.25 (developed by McCune & Mefford
1999). This classification method is a divisive method
that classifies sites and species and produces a list of
sorted species by station. This allows the identification of
groups of stations showing faunal similarities in terms of
species composition and relative abundances. Despite
some criticism of this method (Clarke & Warwick 1994,
Legendre & Legendre 2000), TWINSPAN has the ad-
vantage of handling a large number of samples without
needing to group samples into a manageable number.
Final results are displayed in an easy-to-read 2-way
table arranged according to station and species simi-
larities. Station clusters can be characterized by their
differential species compositions, diversity, total biomass
or other ecological features.

The ordination analysis was completed using the
MDS routine implemented in the software PRIMER
(Plymouth Routines in Multivariate Ecological Re-
search) for Windows ver. 5.2.2 (2001). MDS positions
samples in a 2-dimensional space such that the relative
distance of the samples reflects their relative similar-
ity/dissimilarity, with samples most similar occurring
closer together. With more than 100 samples, the MDS
analysis increases the complexity of the sample
relationships and a 2-dimensional representation is
unlikely to be adequate (Clarke & Warwick 1994). In
this study, 2 MDS ordinations were performed. As
suggested by Clarke & Warwick (1994), the initial
large data sets were sub-divided a priori on the basis
of the subsets obtained from the TWINSPAN classifica-
tion analysis. The samples within each group (clusters
of sample sites at the 4th TWINSPAN dichotomy level)
were averaged and then input to the MDS to display
‘large-scale’ structures. In a second ordination, all
observations (sampling units) within each of the 4 main
groups obtained at the 2nd TWINSPAN dichotomy
level were analysed separately (without averaging) to
display any ‘small-scale’ structures.
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All biotic station similarity matrices used in the MDS
were constructed using the Bray-Curtis similarity
index (Clifford & Stephenson 1975). Because the long-
line catches and the sampling fishing efforts allocated
in each station/depth-stratum combination were, in
general, highly variable, the data were standardized
(each species abundance divided by the total sample)
and log(x + 1) transformed.

Interpretation techniques: Fish assemblages (site
groups) emerging from the TWINSPAN analysis are
characterized by homogeneous faunal composition.
Each group can be distinguished not only by their dif-
ferential species composition but also by their typify-
ing species. The Indicator Values (INDVAL) method
(Dufrene & Legendre 1997) implemented in PC-ORD
ver. 4.25 was used to identify those typifying species
for each group at the 4th TWINSPAN dichotomy level.

The relationship between the biotic MDS configura-
tion and the environmental data was analyzed with the
BIO-ENV procedure (Clarke & Ainsworth 1993) imple-
mented in PRIMER. Two analyses were performed at 2
different levels of data aggregation and, therefore, at
2 different levels of the assemblage structure. One
analysis was conducted on the average similarity
matrix at the 4th TWINSPAN dichotomy level groups
('large-scale’ structure), and the second was per-
formed separately for each of the 4 main clusters (at
the 2nd TWINSPAN dichotomy level), using all within-
group similarities (‘small-scale’ structure). This analy-
sis consists of choosing a subset of environmental vari-
ables that provides the best match with the biotic MDS
ordination of the samples. The strength of agreement
between the biotic and abiotic samples dis/similarity
matrices was determined by the Spearman rank corre-
lation coefficient (Clarke & Warwick 1994). The envi-
ronmental dissimilarity matrices used in the BIO-ENV
analysis were calculated with the normalized Euclid-
ean distance, which seems more appropriate for envi-
ronmental data (Clarke & Warwick 1994).

RESULTS
Taxonomy and abundance

A total of 44 881 fish (weighing a total of 41 968 kg) and
representing 104 species belonging to 49 families were
caught in surveys from 1995 to 2000. Teleost fishes were
caught in large numbers comprising 78 species from 39
families, while elasmobranchs comprised only 26 species
belonging to 10 families (Appendix 1, available at
www.int-res.com/articles/suppl/m324p241_app.pdfin
MEPS Supplementary Material). Among the 39 families
identified, the Scorpaenidae and the Moridae families
were represented by the largest number of species, with
6 species each. Among the 10 elasmobranch families, the
Dalatiidae was the best represented, with 10 species, fol-
lowed by the Centrophoridae and the Rajidae, with 4
species each. About 51 % of the species were benthic,
39% benthopelagic and only 10% pelagic (Fig. 2,
Appendix 1). The number of benthic and pelagic species
generally decreased from shallow to deep waters,
whereas the number of benthopelagic species increased
in the deeper strata, dominating below 800 m depth.
Most species were classified as subtropical (51 %) and
mainly from the Eastern Atlantic and Mediterranean
areas (33%) (Figs. 3 & 4). Those species with broad
geographical distributions (i.e. a ‘wide distribution’,
Appendix 1) dominated the deepest strata, while the
proportion of subtropical species was higher in shallower
waters, greatly decreasing with depth.

According to the assumed distribution patterns of
their preys (Fig. 5, Appendix 1), most of the species
caught feed on benthopelagic species (45%). The
importance of the epibenthos preys decreased in the
deepest strata, whereas the proportion of fishes that
feed on pelagic and benthopelagic preys increased in
the deepest strata.

In addition, the species were classified according to
their relative abundance and relative frequency of
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Fig. 2. Species lifestyles in each depth strata and in the total catch
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occurrence (Appendix 1). Dominant species (Group A) average frequency of occurrence higher than 25%.
include only 3 species — Mora moro, Helicolenus dac- Frequent species (Group B) present moderate abun-
tylopterus dactylopterus hereafter called Helicolenus d. dances and include 34 species with relative abundance
dactylopterus) and Pagellus bogaraveo— each account- values between 0.1 and 10% and with an average

ing for more than 10 % of the total abundance, and an frequency of occurrence between 1 and 10%. Com-
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mon species (Group C) includes 32 species with aver-
age relative abundance values between 0.1 and
0.01%. A fourth group of rare species (Group D) was
also considered, and includes about 32 species with
relative abundances smaller than 0.01 %.

In general, more abundant species have higher fre-
quency of occurrence and wider distributions. Dominant
species appeared in all 6 areas surveyed, frequent spe-
cies usually appeared in more than 3 of the 6 areas sur-
veyed (Appendix 1) and the common and rare species
occurred only in 1 or 2 of the areas surveyed. Some of the
most abundant species, however, were restricted to spe-
cific areas. Pagellus acarne and Diplodus sargus were
never caught in the seamount areas (Areas 1, 4 and 5),
while Pagrus pagrus was never caught in the Princesa
Alice bank (Area 1, Sub-area: PAL). The deep-water
species Phycis blennoides and Etmopterus spinax also
were never caught in Area 6 (Western island group;
Appendix 1). About 25 species were caught only once,
and the highest number of unique records was observed
in the southern area (Area 6, S. Miguel and Santa Maria
islands), with 10 unique records (Appendix 1).
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Gymnothorax unicolor
Pseudocaranx dentex
Muraena augusti
Seriola dumerili
Gnathophis mystax
Diplodus sargus cadenati
Scorpaena azorica
Balistes carolinensis
Epinephelus marginatus
Pomatomus saltatrix
Sarda sarda

Bodianus scrofa
Scorpaena maderensis
Pagrus pagrus

Boops boops
Pteroplatytrygon violacea
Bothus podas maderensis
Serranus atricauda
Enchelycore anatina
Dasyatis pastinaca
Galeorhinus galeus
Scorpaena notata
Pagellus acarne
Sphyrna zygaena
Sphyraena viridensis
Scomber japonicus
Raja clavata

Anthias anthias

Zeus faber

Scorpaena scrofa
Synodus saurus
Serranus cabrilla
Sphoeroides pachygaster
Muraena helena

Labrus mixtus
Aspitrigla cuculus
Prionace glauca

Phycis phycis
Acantholabrus palloni
Aulopus filamentosus
Macroramphosus scolopax
Trachurus picturatus
Ariosoma balearicum
Zenopsis conchifer
Capros aper

Pontinus kuhlii
Lepidopus caudatus
Xiphias gladius
Pagellus bogaraveo
Schedophilus ovalis
Paraconger macrops

Ruvettus pretiosus
Polyprion americanus
Lophius piscatorios
Dipturus batis

Beryx splendens
Heptranchias perlo
Lepidorhombus whiffiagonis
Torpedo nobiliana
Leucoraja fullonica
Malacocephalus laevis
Helicolenus d. dactylopterus
Phycis blennoides

Gadella maraldi
Caelorinchus caelorhincus
Beryx decadactylus

Dalatias licha

Etmopterus spinax

Molva macrophtalma
Chlorophthalmus agassizii
Centrolophus niger
Physiculus dalwigki
Benthodesmus elongatus simonyi
Pterycombus brama
Micromesistius poutassou
Dipturus oxyrinchus
Squaliolus laticaudus
Etmopterus pusillus

Deania profundorum
Epigonus telescopus

Mora moro
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Fig. 7. Individual bathymetric distribution of all fish species caught. Median-weighted depth distribution (+80% percentile)
obtained from the Azores cruise surveys. Median values are weighted by species-abundance data. The 10 most abundant species
are represented by larger circles
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skewed depth distributions (Fig. 7). For those species
occurring in deeper strata, the maximum depths of
their distributions are not necessarily the observed val-
ues, due to the maximum survey depth (1200 m).

The depth profiles of all species abundance and bio-
mass indices (Fig. 8) follow very similar distribution
patterns and have significant decreasing trends with
increasing depth (abundance: r; =-0.87, p < 0.001; bio-
mass: I; = —0.48, p < 0.05). The highest abundance val-
ues were observed in the 25 to 600 m interval, followed
by a decrease in the 600 to 925 m interval, and a small
peak at the 950 to 1000 m depth stratum. The relative
values of biomass below 950 m depth were relatively
larger than those of abundance, reflecting an increase
in the mean individual weight of the deeper fish
species caught.

Fish assemblage structure and zonation

The TWINSPAN classification analysis primarily
classified samples according to depth (Table 1, Fig. 9).
The first dichotomy level separates all samples shal-
lower than 500 m (Groups S13 to IS20) from other
deeper samples (Groups ID21 to D28). At the second
dichotomy level, the shelf and shelf-break samples
(<250 m depth, Groups S13 to S16) are separated from
the upper-slope samples (250 to 650 m depth, Groups
IS17 to IS20). At the same dichotomy level samples of
the mid-slope zone (between 650 to 800 m, Groups
ID21 to ID24) are separated from the deep mid-slope
samples below the 800 m depth (Groups D25 to D28).
Three of the 4 main assemblages are well delineated
along the depth gradient. The deep intermediate
assemblage (mid-slope ID groups) is less distinct and
largely overlaid with the upper-slope and deep mid-
slope groups, with a peak of observations
at 700 to 800 m depth (Fig. 9).

The MDS ordination analysis (Fig. 10) 100 4.
revealed a large-scale structure corre-
sponding to that found in the classifica- — 804
tion analysis. The clear separation of the g\o,
main assemblages displayed in the hori- Py
zontal gradient represented in the first & 60+
axis of the MDS plot is by far the most im- ?.)—
portant. Results of the BIO-ENV analysis = 40 4
(not shown) confirm that depth and tem- _02’
perature variables explain well the main T
biotic assemblage ordination (along the &) 20+
MDS horizontal axis), both with Spear-
man rank correlations of about 0.90. The 0
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Fig. 8. Total median species abundance (no. per 1000 hooks)
and biomass (kg per 1000 hooks) indices by depth strata, from
the Azores longline cruise surveys (1995 to 2000)

temperature) that best matches the biotic ordination
structure shows a correlation value of 0.906. The aver-
age similarity between all samples within each main
assemblage shows an increasing trend from the shal-

---e--- Shelf / Shelf-break (S)
—e— Shelf-break / Upper-slope (IS)

7o Mid-slope (ID)
X ---=-- Deep mid-slope (D)

Spearman rank correlations obtained for 25
the stratum size, bottom irregularity and
steepness vary between 0.33 and 0.16.
The abiotic variable combination (depth/

225 425 625 825 1025 1225
Depth strata - midpoints (m)

Fig. 9. Relative frequency of samples within the main 4 assemblages at the
2nd TWINSPAN dichotomy level by depth strata
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MDS of station groups - species abundance

Average depth (m)

° '. \@D25

| .' D S13- Pes .
" $13 [ ] ; D27@ S14e
S14 ' D06 b27
® D28 D26
""" ¢ it g 5
D22 .- siee” 8 o ) D28
o oe® IS17 IS19 ID24.
/ 1s18@
IS20@)
103 ID21.
Stress: 0.06
Temperature (°C) Irregularity
° = - -
s13 . D25
s13 s. 027@ st D27
14
D26.. D26. R
'Y ° > .. o o
. 1S19 @2 @ si6 S15 @ @ D22 .
s16 S15 ID21 1517 ID21
17 @, D24 o |s.19 ID24
IS18
IS18 . P
ID23 D23
Stratum size (m) Steepness
D25
. ° o . 025.
S13 D27@ s13 @ D27
S14
D26 @ D26@ °
P o D28 @ e o D28
516 515 @ ISt &, oo 16 S15 @ SE @ 022
S17@ @ s17@) @ D21 D24
IS18 IS18
o
1S20 1S20
{
D23 D23

Fig. 10. MDS (non-metric multi-dimensional scaling) ordination of the average matrix at the 4th TWINSPAN dichotomy level

classification. The main assemblage structure at the 2nd dichotomy TWINSPAN level (encircled) is represented in the uppermost

left plot. The same MDS ordination, but superimposed with the average values of the environmental variables, is represented

in the other 5 plots. Size of symbols is proportional to the value of the variables. Major assemblages are identified as follows:
S, shallow; IS, shallow intermediate; ID, intermediate deep; D, deep

lower to the deeper assemblages (S — 30.44%, IS —
38.98%, ID — 36.71 % and D — 56.3 %). This indicates an
increasing homogeneity in the species composition of
the samples along the depth gradient.

The assemblages obtained at the 4th TWINSPAN di-
chotomy level were analyzed in more detail, but their

ecological interpretation is less obvious. The correlation
values obtained from the BIO-ENV analyses run sepa-
rately for each of the main assemblages at the 2nd
TWINSPAN dichotomy (not shown), are smaller and de-
crease from shallow to deep assemblages. For all cases,
depth and/or temperature explain the majority of the
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Table 2. Results of the Monte Carlo test of significance of the observed
maximum indicator values (IV) for each species (based on 1000 permutations).
The groups at the 4th TWINSPAN dichotomy level with maximum observed

steepness. The resulting assemblage
structure proposed comprises 7 groups.
In the shelf and shelf break within

indicator values (IVs) are identified (Maxgrp). The standard deviation (SD) and

the p-values of IVs are also given for each species. *Proportion of randomized
trials with indicator value (IV) equal to or exceeding the observed indicator
value. p = (1 + number of runs > observed)/(1 + number of randomized runs)

the euphotic zone (above +200 m), 4
groups were identified (see Table 1). An
inner-shelf-island, hard-bottom assem-

blage (G1: S13), an outer-shelf-island,
Taxa Maxgrp ObS_erved v from soft-bottom assemblage (G2: S14), a
\I/nihca(tl‘g) randomized groups seamount/island-shelf/shelf-break as-
alue . .
Mean SD p* semblage (G3: S15) and finally a transi-
tional shelf/break assemblage (G4:
Phycis phycis S13 30.10 4.20 2.44  0.001 S16). The other 3 assemblages recog-
]‘fj’mnus itr;cauda 213 ?igg %i’g ?3491 888519 nized correspond to the deeper major
uraena nelena . . . . .
Pagrus pagrus S13 59.00 320 232 0001 | 9roupsobtainedatthe 2nd TWINSPAN
Diplodus sargus cadenati S13 54.00 2.30 2.15  0.001 dichotomy level. In this case the smaller
Pagellus acarne S14 37.10 3.10 2.32 0.001 assemblages at the 4th TWINSPAN
Aspitrigla cuculus S14 24.70 2.70 2.45  0.002 dichotomy level within these major
Galeorhinus galeus S14 39.40 3.20 2.57 0.001 t idered tel
Zeus faber S14 7.80 2.20 217  0.032 groups were not considered separately,
Raja clavata S14 47.70 3.30 253  0.001 due to the overall higher homogeneity of
Pontinus kuhlii S15 44.80 4.00 2.52  0.001 their sample sites and thus a higher sim-
Conger conger S15 15.80 4.30 2.38  0.006 ilarity in the ecological conditions. We
Trachurus picturatus S15 41.10 4.20 2.95 0.001 consider an intermediate shallow upper-
Pagellus bogaraveo S16 22.90 6.60 238 0.003 pp
Polyprion americanus I1S17 5.50 2.50 213 0.087 slope assemblage (G5: IS17 to IS20),
Lepidopus caudatus IS17 13.90 3.90 277 0.015 an intermediate mid-slope assemblage
Beryx splendens 1S18 69.30 4.20 2.59 0.001 (G6: ID21 to ID24), and a deep mid-slope
Phycis blennoides 1S19 10.80 2.70 2.14 0.012 .
Beryx decadactylus 1S19 44.30 3.30 231 0.001 assemblage (G7: D25 to D28) (Table 1).
Molva macrophtalma 1S19 6.00 2.10 2.03  0.052 From the relative abundance of the
Caelorinchus caelorhincus ~ 1S19 12.10 2.30 2.14  0.009 main species that characterize assem-
Malacocephalus laevis IS19 4.20 2.40 2.49 0.139 blage G1, and according to their habi-
Helicolenus d. 'dactylopterus 1S20 22.20 6.60 2.16  0.002 tat preferences, this assemblage can be
Etmopterus spinax 1S20 13.40 3.50 2.36  0.009 .
Deania profundorum D22 61.60 250 228 0001 | regardedascomposed of species found
Etmopterus pusillus D24 39.30 2.90 2.15  0.001 on island shelves in shallower waters
Mora moro D25 21.00 4.00 2.56  0.003 and predominantly in rocky/hard bot-
Synaphobranchus kaupii D26 63.40 2.80 242  0.001 tom biotopes. This group includes 55
Deania cf. calcea D27 62.60 2.70 2.21 0.001 .
island, shallow samples and only 1

correlations with species data, and the addition of other
variables —though providing statistically better solu-
tions —minimally improves the overall correlations.
Without other auxiliary information to better charac-
terize the stations sampled, no extra inferences can be
made on the influence of other environmental vari-
ables affecting the biotic assemblage structures
obtained. However, a literature review (Whitehead et
al. 1984-1986, Froese & Pauly 2005) on the habitat
preferences of their member species give further infer-
ences on the environmental determinants of the small-
scale assemblages obtained. In agreement with previ-
ous findings, additional smaller fish assemblages can
be considered, within the most diverse and heteroge-
neous shallower main assemblage, as having some
ecological coherence. The shallower assemblages S13
and S14 are mainly composed of island shelf samples,
while S15 has a significant proportion of seamount
(banks) shallow samples and S16 has sites with high

bank-area sample distributed at an
average depth of 77 m. The most important species
with significant indicator values (IVs) that typify this
assemblage are Pagrus pagrus, Diplodus sargus cade-
nati, Phycis phycis and Serranus atricauda (Table 2,
Fig. 11). Other common species of this group include
Muraena helena, Pagellus bogaraveo and Conger con-
ger, among a total of 33 species caught in this group
of samples. The average diversity is relatively high
(Table 1): about 25 species are common to other assem-
blages and only 8 species are unique to this group.
The samples of assemblage G2 were distributed at
an average depth of 110 m. This assemblage is also
typical of island shelf waters, since it includes only
island shore samples. From the relative abundance of
the main species caught and according to their habitat
preferences, this assemblage can be regarded as
mainly composed of species typical of sandy or soft-
bottom habitats of the island inner/outer shelves. This
is the case for the significant typifying species of this
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Fig. 11. Relative abundance of indicator species (underlined) and some other common species (not underlined) within each
assemblage (Groups G1 to G4)

assemblage, such as Pagellus acarne, Galeorhinus
galeus, Raja clavata, Aspitrigla cuculus and Zeus faber
(Table 2, Fig. 11). About 40 fish species were caught in
this group, and the average diversity was the second
highest of all groups considered (Table 1).
Assemblage G3 is mainly composed of shallower
seamount samples, although there are also shallow
island samples in this group. It includes the first depth
strata (0 to 50 m) samples of the seamount sub-area
PAL (the Princesa Alice bank in Area 1). Thisis 1 of 2
seamounts in the Azores with shallow summits pene-
trating the euphotic zone, and where some island-
ubiquitous shelf species such as Pagrus pagrus, Pagel-
lus acarne and Diplodus sargus cadenati were never
found. Samples were distributed at an average depth

of 218 m and can be regarded as typical of shallow/
shelf-break waters of shallower seamounts and
island shore sites. The typifying species of this as-
semblage are Pontinus kuhlii, Trachurus picturatus
(adults) and Conger conger (Table 2, Fig. 11). About
32 fish species were caught at these sample sites, and
the average diversity was relatively high (N1: 3.43,
Table 1). The last shelf and shelf-break assemblage
suggested is assemblage G4. As for assemblage G3 it
is also at a shelf-break transitional depth, and the
major difference between them is the predominance
of island and high steepness sample sites (Fig. 10).
The species Pagellus bogaraveo (Fig. 11) is the unique
significant typifying species of this transitional group
(Table 2). Other species found at these sites are
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G5(IS) - Intermediate upper-slope

Conaer Others
cong 7%  Helicolenus d.
ger _
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benthopelagic with schooling behavior (e.g. T. pictura-
tus and Lepidopus caudatus).

Assemblage G5 includes a larger number of sample
sites, also widely distributed geographically from both
seamount and island flanks. Indicator species of this
assemblage are Beryx splendens, Beryx decadactylus,
Helicolenus d. dactylopterus, Etmopterus spinax, Lep-
idopus caudatus, Phycis blennoides and Caelorinchus
caelorhincus (Table 2, Fig. 12). Samples were distrib-
uted at an average depth of 447 m. This upper-slope
group can be considered to be an intermediate/
transitional assemblage, with species from the shelf
break at one extreme and species from the mid-slope
and deep-mid slope at the other. This group is com-
posed of a high number of species, some of them the
most abundant and commercially important in the
Azores demersal fishery.

G6(D) — Intermediate mid-slope
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Fig. 12. Relative abundance of indicator species (underlined)
and some other common species (not underlined) within each
assemblage (Groups G5 to G7)

Assemblage G6 includes the smallest number of spe-
cies and sample sites (Fig. 12, Table 1). Samples were
distributed at an average depth of 755 m, and the sig-
nificant typifying species are Etmopterus pusilus and
Deania profundorum (Table 2). Despite some depth-
related differences from the previous (G5) and follow-
ing (G7) assemblages, G6 seems impoverished in both
the number of species and their abundance, and it can
also be characterized by the absence of species from
the shelf and shelf-break depth zones.

Assemblage G7 includes the deepest sites sampled,
from both island and seamount areas, with an average
depth of 963 m. The 158 samples are the most homo-
geneous in terms of species composition, with 7
species exclusive to this group out of a total of 26 fish
species caught (Fig. 12). The significant typifying spe-
cies of this assemblage are Synaphobranchus kaupii,
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Deania cf. calcea and Mora moro (Table 2). Other
common species of this group include Centroscym-
nus crepidater, Etmopterus pusilus and Aphanopus
carbo (Fig. 12).

DISCUSSION
Species composition

The 104 species caught from 49 families represent
about 22 % of the 460 fish species referenced for the area
(Santos et al. 1997). In addition, 8 species were recorded
for the first time for Azorean waters: Deania profun-
dorum, Galeus murinus, Centroscymnus crepidater,
Centroscymnus cryptachanthus, Somniosus rostratus,
Gnathophis mystax, Lepidion eques and Benthodesmus
elongatus simonyi. The taxonomic status of Scorpaena
azorica and the possible misidentification between
specimens of Deania cf. calcea and Deania hystricosa
needs to be clarified. The surveyed ichthyofauna was
dominated by predators or scavenging benthopelagic
and benthic fishes due to the selectivity of the longlines.
Several regionally abundant species, such as Sparissoma
cretense, Sarpa salpa or orange roughy (Hoplostethus
atlanticus), are rarely caught with longlines, while others
may also be underestimated due to the gear-related fish
losses. Some deep-water species have sharp teeth that
easily cut the branch-lines to the hooks (e.g. Aphanopus
carbo, several deep-water sharks). Mora moro likely
was lost more often because of its soft mouth and the
pressure on the hook due to swimbladder swelling
during gear retrieval. Understanding community
features such as diversity, species composition and
species size structure depends on the sampling methods
used, and this is a recurring theme discussed in many
demersal ichthyofaunal studies (Merrett et al. 1991,
Bjordal & Lokkeborg 1996).

Half of the species caught are subtropical in origin,
mainly from the Eastern Atlantic/Mediterranean
region, while the other half includes widespread spe-
cies with global (wide), amphiAtlantic and circum-
global distributions. Despite the dominant eastward
ocean currents reaching the Azores, the marine littoral
fauna in general have more affinities with the Mac-
aronesian islands and the eastern coasts of the Atlantic
(Santos et al. 1995). The higher proximity of the Azores
to the eastern continental margin, the past surface cur-
rents and glacial events (Briggs 1974, Crowley 1981),
and the present oceanographic conditions are determi-
nant factors for the observed biogeographic affinity of
the region. The changes of biogeographic affinities
with depth (Fig. 4) may reflect a submergence phe-
nomena (i.e. temperate, northern species tend to
occupy deeper and colder waters in the southern

areas), along with the predominance of northern deep
water masses in the region, and the presence of the
MAR, which may be an important depth pathway for
latitudinal dispersal in the middle of the Atlantic. The
increase in the number of species with broad distribu-
tions (wide) with depth appears to agree with the
expected trend of deeper species occupying signifi-
cantly larger areas, due to the relative homogeneity
and stability of ecological conditions in deeper envi-
ronments (Merrett & Headrich 1997).

It is known that the distribution limits, and the dis-
persal paths of the species, are largely determined by
the physical conditions of the ocean. The observed
overlap and heterogeneity of the origin of the existing
fish fauna may be related to an environmental 'bound-
ary effect’ or environmental transition in the North
Atlantic. The northern part of the submarine ridge
(MAR) extending from Iceland to the Azores is a region
in which the environment changes considerably from
north to south. The Azores is influenced by the AzC
flowing southeastward at about 35°N, the associated
Azores subtropical frontal zone (34 to 35°N), the North
Azores Flow (NAzF) (39 to 42°N) and the southern
branch of the North Atlantic Current (45 to 48°N). All
these flows have a tendency to converge, enhancing
the meridional temperature gradients in the region
(Bashmachnikov 2004).

Merrett (1987) proposed a zone of faunal change
in the assemblages of the abyssal fish at around 40° N,
reflected in the species richness and dominance.
Further sampling confirmed a northerly abyssal fish
assemblage at latitudes of 41 to 49°N and another
group at 31 to 38°N (Merrett & Headrich 1997). Other
biotic transitions in the North Atlantic have been
described on several occasions and for other taxa at
around 40°N (e.g. pelagic—Backus 1986). Gomes et
al. (2001) identified a demersal fish boundary for the
Portuguese continental shelf and slope around 40°N.
Pierrot-Bults (1997) proposed a transition in the abun-
dance and biomass of the macrozooplankton (chae-
tognaths) at about 40°N. Angel (1997) and Angel &
Hergreaves (1992) verified a pelagic faunistic transi-
tion zone in some planktonic groups, such as the Ostra-
coda, at about the same latitude. They argued that this
corresponds to an area where there is a marked
change in the depth of winter mixing, which will affect
the seasonality of production in the water column, as
well as the fish composition and other aspects of spe-
cies biology and ecology (e.g. growth, reproduction).
The apparent latitudinal ecotone at the Azores,
reflected across several taxa, may explain the mixing
of the fish fauna, and so the perception that the
Azorean ichthyofauna is characterized by many fish
species with broad distributions and from various ori-
gins (Lloris et al. 1991).
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Fish abundance and distribution

Dominant species vary with depth, and few species
dominated the catch. About 32 % of the species caught
were classified as frequent with moderate abundances,
and only 3 species were classified as dominant in the
habitat where they occurred (Mora moro, Pagellus
bogaraveo and Helicolenus d. dactylopterus). In the
5 surveys analyzed, P. bogaraveo and H. d. dactylopterus
account for almost 50% of the catches among the
teleosts. Among the elasmobranch species, Etmopterus
spinax, Raja clavata and Galeorhinus galeus account for
about 78 % of the total catch. Depth diversity and abun-
dance trends follow the general pattern in which diver-
sity is high at shallower depths and abundance is more
evenly distributed when compared with deeper waters.

The climatic tolerance of marine organisms appears
more reflected in their depth range than in their latitu-
dinal range (Stevens 1992). In this study, most shelf
species had narrow depth distributions (stenobathial),
whereas species from intermediate depths (below 200
m depth) had wider depth distributions (eurybathial)
and wider horizontal distributions and generally were
more abundant. In this study we found that some ubiq-
uitous shelf species (e.g. Pagellus acarne, Diplodus
sargus cadenati and Pagrus pagrus) did not occur at
offshore shallower seamounts such as the Princesa
Alice Bank (PAL). In the case of Pagellus bogaraveo,
the adults and pre-adults occur in seamount and island
areas, while the juveniles are only found in island
coastal areas. The restricted distribution of these
seabream species (Sparidae) to the island coasts seems
related to ontogenic changes in diet and special habi-
tat requirements for early life stages (e.g. sheltered
habitats). Important differences in ocean and trophic
dynamics between seamounts and the island coastal
areas largely determine these distribution patterns.

Afonso (2001) reported differences in fish assemblages
between the inner-shelf habitats of the Azores islands.
The 600 km length of the archipelago helps explain the
higher abundance of subtropical shelf species in the
southeastern islands (Sao Miguel and Santa Maria) and
the slightly larger number of temperate shelf species in
the western and northernmost islands of Flores and
Corvo. In this study, Phycis blennoides and Etmopetrus
spinax were frequent in the central and eastern islands
and absent in the western islands. The separation of the
central and eastern islands from the western islands by
the MAR may be responsible for this pattern. The
Iceland-Faroe Ridge affected the exchange of deep-
water species between the North Atlantic Basin and the
Norwegian Sea (Bergstad et al. 1999). The Walvis Ridge
(southeastern Atlantic) affected the northward spread of
Antarctic bottom water, thereby changing the hydro-
graphy and ecology (Angel 1997).

Spatial ecological structure

The spatial structure of assemblages can be de-
termined by trophic interactions between species
and by the way in which individuals respond to a range
of environmental variables (Rogers et al. 1998). Quasi-
discrete boundaries between species assemblages
usually are associated with sharp changes in the physi-
cal environmental, and conversely, gradual changes in
species associations reflect gradual changes in the
environmental conditions (Bianchi 1992a). The spatial
patterns along depth gradients can occur as zonation or
simply the continuous replacement of species with
depth (Merrett & Haedrich 1997). Vertical zonation of
ichthyofauna is well documented from shelf to abyssal
depths. In the shelf and slope assemblages, depth and
bottom type usually are considered the main structur-
ing factors of the demersal ichthyofauna (Bianchi
1992a,b,c, Demestre et al. 2000, Gomes et al. 2001,
Williams et al. 2001). Because some factors influencing
species ecology (e.g. primary production, temperature,
light intensity, density, oxygen and nutrient concen-
trations) are strongly influenced by depth, it is difficult
to specify which of the environmental factors primarily
is responsible for the spatial biotic changes observed
(Bianchi 1992a, Gaertner 2000).

In this study, the bathymetric distributions of the spe-
cies (‘ichthyocline’, Fig. 7) and the general patterns of
abundance and biomass indices with depth suggest
the existence of 3 main depth-related faunistic discon-
tinuities. Depth zonation was most distinct between
the coastal/island shelf/shelf break (0 to 200 m) and the
upper slope (200 to 600 m), the upper-slope and mid-
slope (600 to 800/900 m), and between mid-slope and
deep mid-slope (below 800/900 m). This bathymetric
profile of the coastal and slope-dweller fishes seems
coincident with the known local vertical hydrographi-
cal gradients. The shallowest assemblage, distributed
mostly at less than 150 to 200 m depth, appears
roughly circumscribed by the euphotic shelf-break
zone, while the intermediate assemblage (shelf-break/
upper-slope) coincides with the core distribution of
the North Atlantic Central Water (NACW). The deep
assemblages at mid and deep mid-slope depths might
be delimited by the Mediterranean Water (MW) that
penetrates into the region at about the 800 to 1000 m
depth and by the upper limits of influence of interme-
diate waters (SAIW, LSW and AAIW). The upper limit
of the deeper fish assemblage also coincides with the
lower limit of the oxygen local minimum zone and
permanent thermocline. The presence of a zone of rel-
atively low oxygen content may explain the minimum
values of the abundance and biomass indices in the
650 to 850 m depth interval, which has been also
observed elsewhere (e.g. Rogers 2000, Levin 2002).
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Williams et al. (2001) among others (e.g. Fock et al.
2004 in the Atlantic) also found a similar link between
the local hydrographic features and the community
structure of the demersal fish fauna of the continental
slope of Western Australia. The conservative proper-
ties of slope water masses (e.g. temperature, salinity)
along with the prevailing depth-related physical prop-
erties (e.g. the thermocline location, O, concentration,
density) provide the required scenario for the evolu-
tion of spatially consistent and persistent-depth eco-
logical patterns, both demersal and pelagic. The envi-
ronmental structuring factors (e.g. water masses) must
be established over evolutionary times if they are to
form consistent factors in assemblage structure or fau-
nal depth zonation. The main vertical pattern found in
this work also agrees with the well-known vertical
delineation of pelagic assemblages: the epipelagic,
mesopelagic (shallow and deep) and bathypelagic
zonation. Given that most of the species caught are
benthopelagic feeders (Fig. 5), the vertical depth pro-
file of the potential prey groups (pelagic nekton) can
be thought of as a structuring factor, and their distribu-
tion should in part be reflected in the depth profiles of
demersal ichthyofauna.

The BIO-ENV analysis confirms a high correlation of
main sample clusters with depth and temperature. It
also shows a decreasing trend in the strength of the
correlations between the abiotic/biotic assemblage
structures from the shallower to deeper groups. This
may indicate that the deeper fish assemblages are
marginally affected by the set of variables analysed,
and/or an increase in the homogeneity of the biotic and
abiotic components with depth.

Clear and sharp segregation of shelf assemblages as
observed in this work is well documented as a general
pattern, and has been observed, for example, for other
Atlantic locations, including the western African
shores of Angola, Congo and Gabon (Bianchi 1992b,c),
in the middle Atlantic Bight (Colvocoresses & Musick
1984), on the Grand Bank (Gomes et al. 1992), on the
Scotia Shelf (Northwest Atlantic; Mahon & Smith
1989), on the mainland Portuguese coast (Gomes et al.
2001) and in the Madeira and Cape Verde archipela-
gos (Menezes 2003). In shallower waters, environmen-
tal transitions (e.g. water physical gradients and habi-
tat heterogeneity) generally are more extreme and
occur at finer time and spatial scales, which is reflected
in the higher observed species diversity and in the
small-scale assemblages found in this study.

Four small-scale assemblages were delineated for
shallower waters. The inner-shelf-island, hard-bottom
assemblage (G1) resembles the 'deep guild' identified
by Afonso (2001) for the shore fish communities of the
Azores. It is characterized by high diversity, and the
most typical species observed are found preferentially

in the island hard/rocky bottoms (Serranus atricauda,
Diplodus sargus, Pagrus pagrus and Physis physis).
The second assemblage (G2 — outer-shelf-island, soft-
bottom assemblage), is mainly composed of island
shore samples but with species typical of sandy or
sandy/rocky mixed substrates (e.g. Pagellus acarne,
Raja clavata and Galeorhinus galeus). Both assem-
blages resemble the ‘shallow southern' group identi-
fied by Gomes et al. (2001) for the Portuguese conti-
nental shelf, characterized by the presence of several
sparid species (seabreams).

Two assemblages (G3 and G4) corresponded to tran-
sitional zones composed of a mix of species from the
shelf and upper slope zones. The distinctness of the
seamount/island-shelf/shelf-break assemblage (G3)
may be linked to known differences in ocean dynamics
and trophic patterns of seamount areas (Rogers 1994,
Koslow 1997). The ecological patterns observed in
Assemblage G3 is characterized by high concentra-
tions of adults of Trachurus picturatus (and Scomber
japonicus), which constitutes a ubiquitous association
observed in the summits of shallow seamounts that
penetrates the euphotic zone (e.g. Princesa Alice Bank
or D. Joao de Castro Bank). In areas of seasonal
upwelling on the Portuguese shelf, Gomes et al. (2001)
found that species lower within the trophic web are
mainly found closer to shore, whereas species depen-
dent on secondary or tertiary production, such as
adults of horse mackerel (Trachurus trachurus), extend
their distribution further offshore. For some species,
the island shelf areas seem to function as nursery or
growth zones, while the seamount/bank offshore areas
are preferentially a feeding zone where adult fishes
predominate. This pattern was observed for Pagellus
bogaraveo and T. picturatus, which have different size
structures between island and bank areas (Menezes et
al. 2001). Assemblage G4 (transitional shelf/break)
seems characteristic of high steepness sites, which
results in smaller values of diversity and abundance
and in a higher proportion of benthopelagic species
(e.g. Lepidopus caudatus, T. trachurus and P. bogar-
aveo) and lower abundance of benthic species from
less rough bottoms (e.g. Helicolenus d. dactylopterus).

The upper-slope assemblage (G5), is characterized
by the near absence of shelf species. The relatively
high abundance and biomass indices for this cluster
might be related to the distribution of mesopelagic
organisms. There is a continuous scattering layer at
about 400 to 600 m depth in the region (Hareide & Gar-
nes 2001, Fock et al. 2004) along the MAR. This layer is
composed of large densities of micronekton, plank-
tonic organisms and various species of mesopelagic
fishes. Most of the benthopelagic fishes of this assem-
blage prey on this mesopelagic nekton (e.g. Beryx
splendens feed on this scattering layer; Mauchline &
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Gordon 1985, Morato et al. 1998, Hareide & Garnes
2001). Enhanced demersal fish production at the
mesopelagic depths likely supports the demersal fish-
ery, which mainly targets the species of these inter-
mediate depths.

The intermediate mid-slope assemblage (G6) coin-
cides with MW intrusions in the region and an oxygen
minimum (Johnson & Stevens 2000). This environ-
mental transition seems reflected in the sharp disconti-
nuity of decreased abundance at 800 to 900 m depth
and lower diversity compared to the adjacent upper
and lower assemblages. The MW (higher salinity
and low oxygen content) also appears to affect the
characteristic faunal elements south of the Rockall
Trough, as suggested by Gordon et al. (1996); however,
in our study no special or exclusive fish species were
found in this assemblage, as was found south of the
Rockall Trough.

The deep mid-slope assemblage (G7) appears with
the transition between the deep-mesopelagic and shal-
low-bathypelagic fauna. The transition is coincident
with the limit of the permanent thermocline, an
increased oxygen content and the influence of the sub-
polar intermediate waters (SAIW and LSW). Zonation
and peaks of abundance and diversity have been
observed at the upper and lower boundaries of oxy-
gen-minimum zones (Rogers 2000). The slight diversity
enrichment observed around 1000 m depth and the
clear increase in abundance indices also give some
ecological consistency to this assemblage. This faunis-
tic transition, also observed in the North Atlantic and
in the Mediterranean (Stefanescu et al. 1993, Haedrich
1997, Hareide & Garnes 2001, D'Onghia et al. 2004)
and for different taxonomic groups, has been sug-
gested as the delimitation of the deep-sea fauna
(Dinter 2001). The increase in benthopelagic fishes at
these depths seems related to the abundance of deep-
mesopelagic micronekton prey (Mauchline & Gordon
1985), which in turn may be related to the environ-
mental changes observed.

We found that the delineation of the shallower fish
assemblages appears more affected by small-scale
environmental factors such as the geomorphologic
bottom features (e.g. substratum type, steepness) and
small-scale/mesoscale oceanographic characteristics
of the habitat (e.g. seamount/islands). In contrast, the
deeper assemblages seem to be delineated by larger-
scale oceanographic and hydrographic features (e.g.
water-mass boundaries, oxygen content).

The characterization of areas of homogeneous spe-
cies composition is relevant for both ecological studies
and multispecies management. Some of the ecological
features and patterns found in this work would benefit
from further research, by collecting more detailed
information on the oceanographic and bottom features,

and further investigation of the trophic ecology to
clarify the general patterns and assembly rules. The
assemblages and spatial patterns are valuable for
inference, prediction and evaluation of potential
changes within the fish-community structure. The
assemblage concept can be an appropriate operational
or conceptual framework for management and model-
ling application (Overholtz & Tyler 1985). In the
Azores, the demersal fisheries are important for the
local economy, even though catches are small (<5000 t
yr'l; Menezes 2003). Most species are caught at the
island shelf and on the flanks of the islands and
seamounts and are therefore limited by the small size
of suitable habitats. The multispecific nature of the
fishery, the discrete and geographically dispersed fish-
ing grounds and the complex spatial structure of their
populations makes fishing assessment and manage-
ment in the Azores particularly challenging. Our study
provides a valuable basis for a habitat-level ecological
approach to local fisheries management.
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