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Spatial variation of the arthropod communities of the alga Halopteris scoparia in relation to the influence of environ

mental factors in the Algeciras Bay (Southern Spain) was investigated by means of multivariate analyses. We have

been able to determine a clear separation in composition of communities between external and internal areas of the

bay, with hydrodynamism and algal morphology being the most determinant factors. In the external zone a greater

number of species appear, whose quantitative dominances are more even than among the species of the internal zone,

where some clearly dominate over the others, e.g., the amphipods Corophium acutum and Jassa marmorata. Crus

taceans show in a clear way the differences among the localities and are useful in characterization studies of envi

ronmental quality of coastal waters because of the abundance, high species richness and the wide environmental

spectrum in the epiphytic communities

ADDITIONAL INDEX WORDS: Epifau.na. enoironmental factors, hydrodynamism, sedimentation. habitat complexity,

canonical correspondence analysis, Halopteris scoparia, Southern Spain.

INTRODUCTION

The arthropods, and more specifically the crustaceans,

have been often used in macrophytobenthic studies (BIBI

LONI, 1981; JIMENO, 1993; CASTELLO et al, 1987; GARCiA

RASa, 1988; COSTELLO and MYERS, 1987) to show various

relationships of predation and competition (NELSON, 1979a

and b; COEN et al. 1981; GUNNILL, 1984; EDGAR, 1990a and

b; HOLMLUND et al, 1990; POORE, 1994) or to establish the

environmental patterns that control the communities (BEL

LAN-SANTINI, 1964, 1966; FENWICK, 1976; STONER, 1983;

AOKI, 1988; PROCACCINI and SCIPIONE, 1992; Russo, 1989;

AOKI and KIKUCHI, 1990; ARRONTES and ANADON, 1990;

CONRADI, 1995; among other). In this sense, the crustacean

communities have been considered as one of the most sensi

tive to the changes produced by environmental variables

(DOMMASNES, 1968, 1969; DESROSIERS et al, 1982, 1986 and

1990; MOORE, 1986; GRAHAME and HANNA, 1989).

Our objective has been to analyze variation in the compo

sition of arthropod communities (mainly crustaceans) asso

ciated with the alga Halopteris scoparui (L.) Sauvageau

(Phaeophyta, Sphacelariales) in relationship to the various

environmental conditions found in the Bay of Algeciras

(Southern Spain). The selection of this algal species was to

eliminate the variations in structure of the community pro

voked by configuration of the alga, assuming, of course, that

97091 received 11 June 1997; accepted in revision 5 October 1997.

the intraspecific variations provoked as well by the different

environmental conditions will be less than among various

substrata (SANCHEZ-MoYANO, 1996). According to HACKER

and STENECK (1990), it is a branching alga within a small

space. This means, on the one hand, that the abundance of

individuals will be high because of the great quantity of avail

able microhabitats, in addition to constituting a good sedi

ment and periphyton trap (especially diatoms which consti

tute the diet of most of the epifauna-Orth and Van Mont

frans, 1984), and additionally, it restricts the size of the or

ganisms. It is one of the most abundant algal species and

most widely distributed in Algeciras Bay. This bay, located

in the most eastern zone of the Strait of Gibraltar, is com

posed of heterogeneous environments imposed by the natural

configuration of the coast as well as by intense port and in

dustrial activity. This makes diverse environmental condi

tions in spite of its relatively small extent (approximately 30

km long with a width of 8 km at its extreme), something

which must influence the composition of the associated ar

thropod communities.

MATERIALS AND METHODS

A total of 13 sampling stations were chosen and grouped

in five areas distributed along the coast of the Bay of Alge

ciras in order to encompass the broadest range of environ

mental conditions (Figure 1). Island las Palomas (IP) is a pho

tofile rock zone and located in the extreme west of the bay.
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F i~ lI l'e I . Loca tion of the sampling stations in Algeciras Bay .

Punta de San Ga rcia (SG) , with simila r cha rac teristics ,

thoug h a sciafi le env ironme nt in more sha llow waters. In

both a reas, the sta t ions were es ta blis hed in a t ra nsect 200

met ers long and 5, 8 and 10 meters deep . Inl et of th e Cuca reo

(CU ), nearby area to th e Port of Algecir as , is located on a

wide platform t hat va ries between 3 and 5 met ers deep . The

stat ions were es tablished on a transect of 200 me ters . All

sta t ions wer-e nu mbered beginning from th e most sha llow.

Los Rocadill os (Guadarra nque l (GU ) is loca ted in the internal

zone of the bay, nea r th e mouth of th e Gua da rranque River

on a natural rock band along the coast, between 3 an d 5 me

ters deep . Unable to establis h transects in depth , th e two

stations were locate d according to th eir distance from th e out

let : GU 1, th e fartherest; an d GU2 . In th e internal zone, Cri

navis (CRI is a a rti ficia l su bst ra tum belonging to a shipyard

in disuse. The stat ions were located a long thi s breakwater,

to a depth of [) meters .

Four repli cate samples were taken at eac h station during

five sam plings th roughou t one yea r (Se ptem ber 92 ; Decem ber

92; March 9:~ ; .I une 9:1; and Se ptember 9:3). Eac h sa mple con

s ists of a n alga specimen, pocket ed ill si tu and extracted from

t he bottom by SCUBA diving.

TIH' sam ples wer e put thro ugh a sieve of 0.5 rnm of light

mesh and we re th en separated, classified and qu an t ified in to

t ill' dint-r ent species . Th e ab un da nce data were in te rms of

number of indiv idua ls per 100 dry weight grams of a lga .

On ce t he fauna were sepa ra ted, a series of sta t ist ics was

ca lculuted fill' eac h alga: wet a nd dry weight, maximum

Iwight , d iam eter a nd volume. The volume was estima ted by

wa ter displacement of the a lga in a manometer. Ass uming

t hat II. scopuriu adopt s a geometric form in t he environment

like a parab oloid, the theo re t ical volume was calcula te d from

this . Deduct ing t he real volu me from th e th eoreti cal one we

obta ined the interstit ial volume, whic h rep resen ts th e living

space. The re la tio ns hip betwee n th e th eoreti cal volume and

the real one gives an idea of the level of compactness of th e

a lga (Index of Compac tness), in such a way th a t how much

more is approximate d to one it will be more compact. Th is

com pac tness can measure th e habi ta t complexi ty .

In orde r to establish which paramet ers influen ce th e com

positi on of the a rthropods communities some concrete mod

ules were soun de d along th e arch of the Bay (Fig ure 2l. Th e

samplings were tak en monthly from November of 1992 un til

Nove mbe r of 1993.

Th e va ria bles measured were : maximum and mini mal tem

peratu re , hydrodyn amism , sedimentat ion rate, 'h orga nic

ma tter of th e sedimentati on, solid a nd 'h of organic matter

in suspe nsion.

For hydrodyna mism (or wa ter movement ), th e meth od of

"pla st er dissolution" descr ibed by Mu us (1968) a nd modified

by GAMB I ('I al (]989) was used , measured as "equivalent

speed of th e water" (V) (BAILEy-BROCK, 1979l.

The sedimenta tion ra te was measured by t he placemen t of

sediment t rap s (six bottl es of a lit er capac ity in our case ).

Part of th e sedime nta t ion is use d to ca lcu la te the 'h of organic

matter thro ugh ca lcination at 500 0 C. Th e da ta are expressed

as gr/m"/mo nth.

Th e solids a nd organic matter in sus pension wer e mea

sured acco rdin g to the method of STRI CKLAND and PAIiSO"

( Hl6~») .

Th e poss ible spa t ia l variations of th ese varia bles were te st

ed through one-way ANOVA, a fte r ver ifying normality (Kol-

.Iou rna l Ill' Coas ta l He" "" '"h , Vol. 14, No. :1. I!J9H
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Figure 2. Variation of the environmental parameters in the stations. The thick line corresponds to the median; the rectangles contain 50(1, of the val ucs,

between 1,;' and 3 r d quartile; the thin lines connect the extreme values, unless located at a distance superior to 3 times the height of the rectangle than

they are indicated by an asterisk.

mogorov-Smirnov test) and variances homogeneity (Barlett

test). The homogeneous groups were separated by the Tukey

test.

The affinities between stations were established through a

cluster analysis using the UPGMA method (unweighted pair

group method using arithmetic averages) (SNEATH and Sa

KAL, 1973) and based on the index of similarity of Bray-Cur

tis (BRAY and CURTIS, 1957). The data of abundance were

transformed by the fourth root ( 4 ~ ) . In order to confirm the

results of the cluster, an MDS analysis (non-metric multidi

mensional scaling) was used. To test the veracity of ordina

tion, the stress coefficient of Kruskal was employed (KRUS

KAL and WISH, 1978).

To determine the responsible species for the groupings, the

analysis of percentages of similarity or SIMPER (PRIMER

package) was used. It calculates the contribution of each spe

cies either to the dissimilarity between different groups (dis

criminating species) or for similarity within a group (typical

species). The differences in community composition were test

ed through the non-parametric ANOSIM test from the PRIM

ER package (CLARKE and GREEN, 1988),

To determine if environmental variables influence the com

position of the community, we applied two techniques: BIO

ENV analysis and canonical correspondence analysis (CCAL

The BIO-ENV analysis (CLARKE and AINSWORTH, 199~3) con

sists of the comparison through the harmonic rank correla-

tion coefficient of Spearman of the rank similarity matrix

(based on the index of Bray-Curtis) accomplished with the

data of abundance of species and the rank similarity matrix

obtained through euclidean distances with the abiotic vari

ables, and thus establishing that environmental variables fa

vor the maximum correlation between the two.

The canonical correspondence analysis (CCA) is a direct

gradient technique where it is obtained by graphic represen

tation where the stations and/or species are shown by points

and the environmental factors by arrows. The station points

and species together represent the dominant model in the

composition of the community in each zone so much as can

be explained by the environmental variables, while the spe

cies and the arrows reflect the distribution of the species

throughout environmental gradients (TER BRAAK, 1986,

1990), In order to avoid the distortion provoked in the anal

ysis by the rare species, these were downweighted. To verify

the statistical significance of the analysis, the Monte Carlo

test for the first axis was applied.

RESULTS

Environmental Variables

The general trend of abiotic variables throughout the bay

is shown in Figure 2 and the significant differences among

sites in Table 1. The most external zones of the bay present

.Iournal of Coastal Research, Vol. 14, No. :3, 199H
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Hyd rodyn a m ism

Se d im entation

Org. ma t.. se d ime nt.

Solids sus pe ns ion

(hg . mat. s us penso

df MS F Hom ogen eou s Croup

9 0.307 29.66* (' I{I ('10 I P ~;c 1 ~ -; ( ; ~~ N .·X (' I I 1',\ 1. ell) CI I I
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9 2:3.607 2.fl4* * N'X II'SCI SI ;) (,1I I'M . (' f( 1 C R;' (ap (;U 1
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a grea ter hydrodynamism (wa te r movemen t) with a d ear

trend to reduc e toward th e interi or , a ris e in th e area of Cri

na vis (CR1 and CR2) aga in, du e to th e exist ing tid al currents

in th e hay. Th ese tidal curre nts are condit ioned by th e cir

cul a ti on of Atl antic a nd Mediterran ean wa te r mas ses

through Stra it of Gibralta r (in direction to East or West ac

cording to th e flow or ebb sta te of t he tid e (GARCiA, 1986 ).

Thus, in flow state (h igh tid e), a current is originate d sur

round ing th e whole interior of th e bay , entering by th e area

of t he Island Las Palomas and leaving by Punta Europa (Cib

raltar i. While, in ebb sta te, th e superficia l current of th e

Strai t is divid ed into two br an ches , one enters by Gibraltar

a nd oth er by Island Las Palomas, so that two currents a re

originated with parall el circula t ion to both margin s ofthe bay

and th a t a re meeting in th e interi or (a rea of Crinav is), orig

inating a new cu rre nt of directi on South by th e centra l zone

joining with th e gene ra l curren t of th e Strait. Th e sedime n

ta tion rate has a slight ly inverse beh avior, with a gre a te r rate

in th e most internal zones, es pecially tho se located in th e

influ en ce a reas of th e outlets of th e rivers Pa lmones (ACX)

a nd Guad arranque (GUn In th e case of th e Inlet ofC uca reo

(Cu e ) a lot of movement on th e bottom is joined to th e sed

imentation rate du e to its sha llow depth (5-3 m ) a nd to th e

influ en ce of th e surge provok ed by th e st rong prevai ling eas t

wind s in the zone . Th e solids in sus pens ion beh ave simila rly

(a lt hough not sta tistically significant), wit h a trend to in

crease towa rd th e interior and with a notable influ ence of th e

presence of th e ri vers (ACX and GU1 ) and of the pro ximi ty

to urban sewa ge; for example, in th e exte rn al dik e of the Port

of Algeciras (PAL ).

With respect to th e morp hological cha ra cterist ics of th e al

gae (Ta ble 2), a trend toward a greater interstitial volum e

(direct measurem ent of th e useful vit al space, consi deri ng the

surface of th e frond s as well as th e existing spaces between

the m) was observed , as well as compactness in th e ext ernal

zone a nd a gradual decrease toward the opt imum growth was

shown by sma ll-s ized sa mples , with branches close together ,

presumably cau sed by gre a t turbidity pro voked by th e river.

Faunal Analysis

A tota l of 107 taxa were identified at 13 sta t ions : 6 Pan

top oda ; I Insecta ; and 100 Crus tacea (61 Amphipoda, 5 Cu

macea, 12 Decap oda, 13 Isopoda , I Leptostraca , 1 Mysidacea

and 6 Tanaidacea ) (Ta ble 3).

Multivariate Analysis

Through the classification ana lysis of th e sta t ions accord

ing to th e a nnua l ave rage abundance of the different species,

we obtain a d ear se para t ion betw een the st at ions located at

th e exte rn al extrem e of the Bay (Island Las Palom as, San

Garcia a nd Cucareo) and those sit ua te d close to th e internal

zone (Gua darra nque and Crinavis ) (Figure 3), Th e same oc

curs among th e sta tions within each group, es pecia lly in th e

external sta t ions. In th ese, th ere is a separation betw een th e

subgroup of Island Las Pal oma s and San Ga rcia (bot h areas

Tahk- 2. / \J'/'I'0R" ral ur» o{ alwd poranu-ters . (en compuctness; (IN T V I int erstitial ",,1,1111<' ( II/ l!.

SEI'B2 DEC MAR ,ILJN St;P93

Cl INTV C I INTV CI INTV CI INTV CI INT\'

11 ' 1 11!U ll (i ilO.;'O 72 .fm ;' li7 .0:1 ;'1. 2il sos.aa ;' 4 .10 6;';' .26 :14.7;' 431. 25

11 '2 104 .47 il:lfi.il1 60 .% 7;' 0 .60 6(i.;' :1 il;'2 .77 ;'().2:1 77il .;' li fiO.20 ;' 16 .68

11':1 64 .;' :1 ;' 10 .60 62.63 ilil:l .2il ()2.il6 HI4 .ln) 67.1,4 902 .H:J 4H.4(i :158.77

S( ;1 29.6 1 ;'02.4:1 IOfi.;' 6 799 .29 100 .72 677 .9 1 2().7il 27;' .43

S(::! 4:1.;'4 444 .:10 H1.0il (i60 .HO m .% 724 .H:l

S(; :J :l(). Hi :1:1:1.12 76.7;' 6H2.:lO

cu i 4fi.14 6 14.:12 4().l il 6 14.(jfi il7 .24 1,02().Ofj 64.4(, sos.ss as.as ;' ():1.90

CLJ:! ;' :1.00 4il4 .84 6:1.:14 s is.as 72 .;'9 7:17.;'0 (,0 .1 ~ ) il24 .HI as.ss s is.ss
Cll:l :; 1.26 6 Iil.;' 1 sa.so 7li6 .1;' liO.06 ilO;'.;':1 :1:L2(i 4:1O.62 za.si 45;' .42

urn :1:1.17 2il2. 17 47.12 :174. :1il :17.ilH 44:1.76 I:U )4 14il.9fi 25 .10 281.02

(; LJ2 :12.6il 14().HO il1.:11 4RH.H2 IB.42 2:17.:17 4(,.:14 4:1J.();'

C lt l :J:l . 11 :lil5 .4 1 as.os 47H.2:1 22 .92 42().2:1 :1:Lilfi :J6:1.ln) 17.17 175.88

Cl{:l ;' 4 .27 :IH2. 12 ;'7 .36 490.;'il 4:1.;'4 40:1.40 4 . 16 4:1.64 17.97 168.50
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Table 3. Annual average abundance (number of individuals / 100 g dry alga weight) of the different species.

Species IPI IP2 IP3 SGI SG2 SG3 CUI CU2 CU3 GUI GU2 CRI CR3

Pantopoda

Achelia sp (ACL) 98.68 29.71 190.99 221.13 286.59 388.07 58.70 228.66 157.60 550.66 419.14 325.85 221.44

Callipallene tiberi (CLL) 56.95 109.91 107.94 219.54 145.95 281.25 143.13 48.89 40.98 138.83 29.26 156.70 54.00

Endeis charybdaea (END) 0.00 2.73 11.16 1.31 9.70 5.06 8.33 0.00 0.00 0.00 0.00 0.00 0.00

Nymphon gracile (NYM) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.37 0.00 0.00 0.00 0.00 0.00

Anoplodactylus angulatus (ANA) 8.33 9.52 11.08 16.45 68.42 40.25 12.65 25.52 28.21 20.26 23.09 15.31 6.67

Anoplodactylus cirescens (ANV) 2.33 0.00 0.00 0.00 0.00 0.00 3.22 1.44 11.21 2.50 0.00 0.00 3.97

Amphipoda

Iphimedia minuta (lPM) 0.00 10.79 31.68 18.63 123.06 85.97 26.69 15.01 30.78 2.23 0.00 45.73 138.06

Ampelisca cf. unidentata (AMP) 6.02 0.00 1.66 0.00 10.21 0.00 6.06 16.78 6.49 0.00 0.00 0.00 0.00 >
Amphilochus neapolitanus (APN) 268.05 248.86 220.44 369.13 446.10 214.56 334.16 211.89 255.76 0.00 0.00 0.00 0.00

..,
~

Amphilochus picadurus (APP) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.64 0.00 2.08 0.00
-s
.g

Peltocoxa gibbosa (PEL) 8.78 2.24 12.55 1.31 14.26 43.08 0.00 0.00 0.00 0.00 0.00 6.34 0.00 ~

- Ampithoe ramondi (AMRI 607.32 301.67 201.84 336.47 392.85 54.51 238.14 1.115.28 601.64 0.00 0.00 39.06 47.47 D
Aora spinicornis (AOR) 146.16 26.13 60.38 69.14 217.24 238.81 94.92 378.46 74.89 345.37 499.56 526.05 1,328.92 §

"'": Lembos ciguieri (LEV) 22.60 2.65 0.00 102.07 0.00 73.55 0.00 10.04 0.00 0.00 6.89 0.00 0.00 :3
c

'{:. Lembos ioebsteri (LEW) 31.28 47.08 119.40 37.46 226.43 35.96 13.22 19.01 4.06 56.62 55.37 180.90 261.29 ~.

=- Leptocheirus guttatus (LEG) 1.82 2.85 3.29 0.00 0.00 5.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~
......,

Leptocheirus pectinatus (LEP) 15.66 0.00 6.58 4.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.45
~
'f.

.;
~

~
Microdeutopus armatus (MIA) 0.00 0.00 0.00 0.00 34.78 0.00 1.62 0.00 0.00 46.80 20.45 0.00 0.00

Cd

fr Microdeutopus chelifer (MIC) 0.00 0.00 0.00 11.66 0.00 0.00 45.17 105.77 78.69 228.07 118.13 34.72 64.10

Microdeutopus station is (MIS) 7.18 12.91 0.00 55.76 0.00 2.65 13.42 26.64 15.24 5.25 40.93 14.60 24.72 5'
< Q..

Microdeutopus cersiculatus (MIV) 0.00 4.15 0.00 0.00 8.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.79
;::.

~
J: Aoridae IAOD) 544.54 398.84 395.51 1,037.47 854.50 1,180.67 296.68 1,840.58 1.081.08 967.20 1.656.86 1.981.44 2,353.82 ~

z Apherusa bispinosa (APB) 571.08 432.46 554.58 211.94 442.67 1,050.02 434.53 500.89 234.27 7.52 0.00 62.12 104.84 5'
Apherusa sp. (APH) 834.42 57.30 8.85 22.37 31.10 47.90 2,514.47 2,557.99 1,495.42 3.24 0.00 0.00 0.00 C:
Caprella acanthifera acanthifera (CAA) 11.88 3.07 0.00 0.00 0.00 0.00 86.61 49.48 16.14 0.00 0.00 5.86 6.67 CJq

(')

C. acanthifera discrepo.ns (CAD) 390.92 520.71 1,201.99 446.60 345.84 122.49 0.00 0.00 0.00 0.00 0.00 2.15 0.00
o

~ :::;.
sc

C. acanth ifera typica (CAT) 26.46 3.05 0.00 34.39 75.55 0.00 55.49 35.39 13.16 0.00 0.00 163.13 23.40
~x u:

Caprella grandimana (CAG) 55.56 11.32 0.00 119.01 0.00 0.00 10.68 0.00 0.00 0.00 0.00 0.00 0.00 Cd
~

Caprella liparotensis (CAL) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 76.51 0.00 '<

Caprella mitis (CAM) 0.00 0.00 0.00 0.00 0.00 0.00 39.95 167.47 60.55 0.00 0.00 0.00 0.00

Caprella penantis (CAP) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.98 2.22

Colomastix pusilla (COL) 0.00 0.00 0.00 3.74 0.00 0.00 0.00 0.00 0.00 0.00 6.72 0.00 0.00

Corophium acutum <COA) 444.93 799.54 1,188.27 384.06 141.72 62.88 2,310.63 4,573.93 2,271.24 3,498.93 3,387.38 5,087.33 4,773.03

Corophium sextonae ICOS) 0.00 0.00 0.00 16.00 2.85 13.31 0.00 0.00 0.00 3.77 24.02 141.71 150.18

Ericthonius brasiliensis (ERI) 0.00 0.00 0.00 0.00 5.10 10.59 0.00 1.87 0.00 1,331.99 2,528.90 2.25 358.53

Siphonoecetes sp. (SIP) 11.03 0.00 0.00 0.00 0.00 0.00 165.43 1.37 9.72 0.00 10.35 0.00 20.00

Cressa cristata (CRC) 0.00 0.00 8.70 9.75 2.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cressa mediterranea (CRM) 0.00 8.47 55.53 0.00 0.00 13.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Dexamine spinicentris (DXSI 57.06 41.89 47.37 65.23 26.15 153.86 48.12 32.73 12.19 0.00 0.00 7.19 5.19

Dexamine spinose (DXPI 227.50 179.17 165.04 298.67 364.15 211.92 476.62 234.88 234.57 110.05 18.70 108.56 53.58

Guernea coalita (GUEJ 373.99 396.94 245.07 25.26 11.27 10.12 12.41 2.88 15.12 0.00 0.00 0.00 0.00

Tritaeta gibossa i TRI) 0.00 0.00 0.00 5.54 0.00 0.00 0.00 0.00 5.15 0.00 0.00 5.61 29.33

......

......

~



t>O...
Tahle :1. Cnntin uv.] .

Species 11'1 11'2 [1'3 SCI SG2 SGa en CL'2 n ':l GI.·I GL'2 ern cna

Eus iroitluc sp. ,EUD, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 S.54 0.00 0.00

Eus iroid.» dellorallei vEUS' 2.14 7,42 0.00 :3R.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.21 0.00

Ch ri rocrot us sunderalli ICHE, 0.00 lD.7S 4.95 0.00 0.00 54.76 1.76 0.00 0.00 0.00 0.00 0.00 0.00

El asmopu» sp. ' ELA' 157.15 32.98 7.68 :39.32 27.32 77.4ti 97.58 6 1.74 3R.54 88.64 156.68 1.04 0.00

( ;0 1/11110 rello [uci colo IGAMI 0.00 0.00 0.00 0.00 0.00 0.00 1.11 1.:37 1.8:3 28.37 10.35 4.0:3 8G.21

Gammcropsi« moculata IGMM, 89.3R 62.:36 142.91 1.195.32 778.G2 2.184.GD :34,41 2G7.04 237.18 1,487.34 1.512.24 547.4 1 5 19.32

Gommaropsis palmula IGMPI :320.75 492.53 1.152.35 1.4D4.R1 891.Gl 1.6R4.5:3 5 19.14 :3.947.78 1.0:1.1 .5G 53.52 63.84 2.RDD .17 6.017,42

MeRw l/f1hoflUS cornuiu« I :YIEG, 0.00 7.59 4.95 0.00 363.07 8.01 0.00 0.00 I.D!i 0.00 0.00 1.04 {i .15

;\ficrofirolofilis IMTP , 2DG. 92 3 10.53 308.3 1 :162.9G 38 IA I :390.21 2;'4.62 211.07 199.:36 2.65 0.00 3.76 0.00

Phot is longi pe» 11'110 I 21.04 3.GR 56.86 24.65 48.03 198.81 0.00 2.02 0.87 0.00 0.00 0.00 0.00

ls oeidoe sp. liSA I 0.00 0.00 0.00 :30. 13 0.00 15.G!i 2.70 :3./8 :1.1 5 0.00 0.00 1.04 0.00

lschvroceru s inexpectatus I ISCI 1.82 4.61 5.10 3.06 18.17 39.72 :3./ 5 0.00 0.00 5.82 65.39 25.3 1 14.18

·]assa murm orata IJASI 9.38 0.00 0.00 0.00 40.77 0.00 0.00 0.00 0.00 2.9:34.65 7.896.63 2.266 .99 99 1.57

Lcucothoespin icorpo ILEU I 1,44 1.34 :3.3 1 24..19 17.73 32.57 47.:19 :14 .29 44.14 2.23 13,44 4.:32 19.69

Lvsianasna cos ta cf. ILYSI 13.0G 85.84 62.94 30.80 33 .07 33.8 6 3.30 11.16 5.G2 0.00 0.00 4,46 20.69
...,

Orch om en e sp. 10 RCI 8,48 12.21 21.60 7.47 6.17 23,45 24.15 16.62 G2,47 7.GO 47.38 32,49 8:3.:37

Svnchclulium IOI/{;idi{;iIOIIlIll ISY:\'I 2.5:3 2.16 1.6G 0.00 0.00 0.00 G.30 3.90 2.99 27.24 2.59 13,47 18.91 tr:
z; ,

-, Pariam bus tvp icu» IPARI 0.00 0.00 0.00 0.00 5.10 12:3 ,41 0.00 4.25 5.11 6.8 1 23,44 1.74 9.52 :::l

"'":
Pedocu lin a go rriugomezi ,PED I 0.00 32.03 47.11 13.22 125,43 427 .31 0.00 0.00 8.92 0.00 0.00 0.00 0.00

zr
C)

~
"Pseu doprotella phas ma minor ' PP:YI I 0.00 18.97 32.98 13.36 14.37 7.94 2,44 11.:34 1.62 3.:11 3.36 0.00 0.00 ~

P. phasma qutulrisp ini s ' PPQI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.37 9.03 0.00 ~~

P: ph 11,, 11Ia tvp ica ' 1'1''1' , 0.00 0.00 0.00 0.00 6.69 0.00 0.00 0.00 0.00 0.00 0.00 6.89 0.00-i: ~
~ Perionotus testudo ' PER, 14.93 16.08 79.42 37.74 108.35 101.28 10.44 13.26 9.:33 0.00 0.00 16.55 18.57

~ Harpinia sp. IHARI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.19 0.00 0.00 3,45 5-

i
Phtisico marilla IPHT I 299.23 541.83 83 1.09 8GO.33 737.6 1 946.:33 209.91 543.01 132.94 1.471.91 1.708.92 1.664.88 1.430.36 ~

Podoceru s ruriegotu» ' POD , 10.80 10.I G 0.00 45.45 6 69 36.59 12.49 14.!iD 22.27 325. 15 217.78 59.57 75.35
...,

... Stenothoe dolfu si ISTD I 0.00 0.00 0.00 6.72 0.00 47.67 0.00 0.00 0.00 1.19 0.00 0.00 0.00 ~
~

St enothoe monoculo ides ' STM I :357.10 509 .27 421.88 853 .G4 G54.43 6D8.!i2 965.2 1 1.736.97 1.224.28 3.572.51 1,424.82 1.029.14 362.20
3'

llyale schrnidti IHYA I 517.72 469.85 471.92 196.96 620.74 2.299 .16 79.87 304.0 1 88.02 0.00 0.00 4.03 0.00 C)

"
is:

Cu rnacea

?1 lph inoe sp. I IPH I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.45

vo u n thom p eon io sp. IVAIJ , 0.00 0.00 8.98 0.00 3.35 0.00 0.00 0.00 6.14 0.00 0.00 0.00 0.00

Cum ella li m icola ICU L, 77.69 122.31 65.78 30.49 56.09 27.58 109.01 42.45 69.29 1,3.1G. 10 659 .74 244.89 234.78

Nan nostacus ungliculatu« I:-<A.'1, 124.47 153.60 227.21 166.13 364. 15 284.71 63.08 .'5 9.36 6 1.52 8.28 0.00 24.85 49.41

S cherocu mella long irrost ri ISCH I 3.25 3. 11 11.76 0.00 6.17 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00

Decapoda

Athana s nite scens l ATH I 0.00 0.00 0.00 0.00 0.00 0.00 1.87 0.00 2.99 7.97 3. 12 0.00 10.34

Darda nus sp. IDAR I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.50

Hippolyt e sp. IHIP, 43.70 71.31 22.18 121.11 123.35 121.63 155.28 30.87 30.41 20.30 23.51 74.29 291.91

Thora lus cra nchi i ITHOI 0.00 5.79 5.16 22.10 6.38 17.83 2.09 8.43 5.50 0.00 3.12 11.77 11.43

Achceus sp. IACH I 0.00 5.11 2.31 8.96 26.80 0.00 6.72 7.12 7.31 18.12 19.73 30.95 11.82

Macropod ia sp. (MACI 0.00 0.00 0.00 9.53 1.77 0.00 0.00 4.08 0.00 18.17 11.39 11.18 20.16

Pisa co ri ni m ona (PICI 2.33 0.00 0.00 8.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.48

n ,« tetrae don ,PITI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.58 0.00 0.00 0.00 0.00

Pag u ridae fPAG I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 37.28

Pericl imenes sp. (PECI 0.00 0.00 0.00 0.00 2.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S irpu» zariquieyi ISIZI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.94 0.00 0.00 0.00

Pilurn n u» sp. (PILI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.02 0.00 1.81 6.06



Table 3. Continued.

Species IPI IP2 IP3 SGI SG2 SG3 CUI CU2 CU3 GUI GU2 CRI CR3

Isopoda

Astacilla cf. axeli (ASA) 7.72 14.72 20.65 17.08 26.74 0.00 0.00 1.24 0.00 0.00 0.00 0.00 0.00

Astacilla sp. (AST) 0.00 0.00 0.00 8.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gnathia sp. (GNA) 7.33 3.05 9.80 0.00 17.73 0.00 1.82 2.04 7.52 15.19 0.00 1.12 6.07

Idotea cf. neglecta (IDN) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.75 0.00 0.00 0.00 0.00 0.00

Idotea cf. iiridis (IDV) 1.44 1.34 4.52 0.00 0.00 0.00 0.00 0.00 3.48 0.00 0.00 0.00 0.00 ~

~
Svn isoma capita (SYC) 2.92 2.58 0.00 0.00 0.00 0.00 3.16 1.34 7.83 0.00 0.00 0.00 0.00 ~
Zenobiana prismatica (ZEP) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.74 0.00 0.00 0.00 0.00 -§

~ -Iaeropsis brericornis (JAE) 12.94 5.27 4.88 2.71 2.85 0.00 1.87 5.13 1.01 0.00 0.00 0.00 0.00 0-

Janira maculoso (JAl"\Tl 11.39 5.22 44.84 12.27 0.00 0.00 0.00 1.37 0.00 0.00 0.00 9.03
(J

0.00 0

~ Mu nna sp. (MUN) 4.12 7.34 17.77 0.00 33.57 23.72 0.00 9.26 0.00 21.42 8.47 2.59 11.69
:3
:3

~ Paranth ura nigropunctata (PTH) 282.67 260.24 387.37 456.76 383.21 443.61 432.45 395.01 329.09 19.73 7.14 317.87 198.59 c
'f. ::l
~ Cymodoce sp. (GYMI 20.62 28.01 9.90 53.73 71.86 20.62 66.53 61.10 32.02 41.80 3.50 230.63 326.31 ~
:::c Dvnamene sp. (DYN) 84.06 14.46 4.72 39.31 14.62 6.68 158.60 324.38 141.68 401.06 54.08 26.97 151.39 ~

~
'f.

~
Leptostraca ~

~ Nebalia bipes (NEB) 0.00 0.00 0.00 0.00 0.00 10.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~
5'

i Mysidacea 0...
r:;'
~

Siriella sp. (SIR) 19.67 5.26 6.94 2.62 23.64 0.00 1.62 5.41 1.74 0.00 0.00 7.12 0.00 ~

.*'"" ~

~
Tanaidacca 5'

Apseudes talpa (APS) 0.00 0.00 0.00 0.00 0.00 0.00 6.05 3.05 5.23 0.00 0.00 0.00 10.34 ~
Jq

Parapseusles laiifrons (PPS) 0.00 0.00 9.76 3.06 17,73 22.03 3.70 3.05 0.00 124.95 294.84 13.43 0.00 ~

.c
Leptochelia dubui (LCH) 331.79 678.04 1,034.95 845.97 1,162.92 1,502.95 1,006.70 1,660.98 2,261.98 802.99 1,010.87 1,051.14 666.17

~ .
'-C ~
tx:

Tanais dulongii (TAN) 914.15 169.38 417.32 2,193.72 1,823.29 1,711.14 826.59 514.00 125.50 4.86 9.58 7.29
CJ]

0.00 to
Zeuo coralensis (ZEC) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 916.52 638.05 27.90 0.00 ~

'-<

Zeuo normani (ZEN) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 226.54 41.36 281.99 121.14

Insecta

Chironomidae (CHI) 36.16 27.87 30.76 41.11 24.69 18.52 1.76 2.02 ~3.57 8.80 0.00 2.02 3.45

tv
::.rl
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Figure 3. Dendrogram of similarity between the different stations in base to the annual average abundance of the species. (IP) Island of Las Palomas;

(SG) San Garcia; (CU) Cucareo; (GU) Guadarranque; (CR) Crinavis.

CR3 CU3
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CU2
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Figure 4. MDS ordination of the stations according to the annual av

erage of abundance (Stress: 0,032). (IP) Island of Las Palomas; (SG) San

Garcia; (CU) Cucareo; (GU) Guadarranque; (CR) Crinavis.

have similar characteristics and are far from antropogenic

influence zones) and Cucareo (an area that suffers the influ

ence of the nearby Port of Algeciras). Along the same line,

the similarity of the stations within a specific area is greater

among those located at more depth (IP2 and IP3; SG2 and

SG3) than those more shallow (IPI and SGl). In the case of

the stations of Cucareo, these are found at a similar depth.

With the two-dimensional representation of the ordination

analysis MDS (Figure 4), the two groups and the different

affinities among stations are confirmed.

With the SIMPER analysis it was possible to determine the

species responsible for these groupings, those typical of a

group as well as those discriminating among these groups.

Among the typifying species of the external stations (Table

4), the isopod Paranthura nigropunctata stands out. Of rela

tively less importance, the amphipods Microprotopus sp., Dex

amine spinosa, Amphilochus neapolitanus, Stenothoe mono

culoides and Aoridae sp. and the pantopoda Anoplodactylus

angulatus. At the internal stations (Table 5), the important

species is the amphipod Corophium acutum and secondarily,

the amphipods Phtisica marina, Aoridae sp. and Aora spini

cornis, the tanaid Leptochelia dubia and the decapod Macro

podia sp. The discriminating species (Table 6) are: Amphilo

chus neapolitanus and Zeuxo normani, as well as Jassa mar

morata and Microprotopus sp.

In order to test the spatial differences, a one way ANOSIM

was employed. In Table 7 the statistic values are shown at

the spatial level and for each samplings. Generally, the dif

ferences are clear between the external and internal bay sta

tions, which confirmed the results obtained by the previous

Journal of Coastal Research , Vol. 14, No.3, 1998



Arthropod Community as a Bioindicator in Algeciras Bay 1127

Table 4. Average abundance (Y) or the most relevant species or the stations located in the external areas (Lsland of Las Palomas, San Garcia and Cucarco).

Species are listed in decreasing order according to its contribution to the aoerage or the similarity (S) among stations until 75(k of the accumulated total

similarity ( l ~ l 7 f ) ' The total mean similarity among stations is 75.53(k.

Species YA SD(Y) S, SD(S,) S/SD(S,) SI(!r ~SI(1r

Leptochelia dubia 1,165.14 574.31 3.0 0.32 9.17 3.91 :3.91

Gammaropsis palmaui 1,272.12 1,097.83 2.8 0.31 9.11 3.75 7.66

Stenothoe monoculoides 814.59 442.68 2.7 0.23 11.82 3.58 11.25

Aoridae sp. 847.77 498.58 2.7 0.27 10.01 3.54 14.78

Tanais dulongii 966.12 763.71 2.5 0.50 5.04 3.30 18.09

Corophium acutum 1,353.12 1,473.15 2.5 0.77 3.18 3.25 21.33

Apherusa bispinosa 492.49 243.87 2.4 0.25 9.78 3.21 24.55

Phtisica marina 566.92 299.50 2.4 0.34 7.07 3.18 27.72

Paranth.ura nigropunctata 374.49 69.92 2.4 0.09 28.68 3.17 ~~0.90

Microprotopus sp. 291. 71 76.69 2.2 0.11 19.87 2.94 :~:~.83

Amphilochus neapolitanus 285.44 80.91 2.2 0.12 18.60 2.93 36.76

Ampithoe ramondi 427.75 313.63 2.2 0.41 5.28 2.86 39.62

Dexamine spinosa 265.84 99.47 2.1 0.11 19.52 2.83 42.45

Hyale schmidti 560.92 679.77 2.1 0.39 5.42 2.81 45.25

Gammaropsis maculata 554.64 724.56 1.8 0.42 4.41 2.45 47.70

Achelia sp. 184.46 113.51 1.8 0.28 6.22 2.3:~ 50.03

Nannastacus u.ngliculatus 167.14 107.15 1.8 0.21 8.21 2.32 52.34

Callipallene tiberi 128.28 80.64 1.6 0.20 8.2:3 2.18 54.52

Aora spinicornis 145.1:3 113.46 1.6 0.23 7.08 2.15 56.67

Apherusa sp. 841.09 1,086.20 1.6 0.86 1.88 2.15 f)8.82

Cu mella limicola 66.74 32.70 1.5 0.20 7.37 1.93 60.7f)

Hippolyte sp. 79.98 50.72 1.4 0.21 6.86 1.91 62.66

Dexamine spinioentris 53.84 40.79 1.3 0.18 7.48 1.75 64.41

Elasmopus sp. 59.97 45.53 1.3 0.24 5.45 1.73 66.14

Cymodoce sp. 40.49 22.95 1.2 0.17 7.30 1.64 67.78

Lembos ioebsteri 59.32 70.98 1.2 0.24 4.81 1.54 69.:32

Dynamene sp. 87.61 106.34 1.2 0.38 3.10 1.54 70.86

Perionotus testudo 43.43 41.25 1.1 0.18 6.17 1.49 72.:36

Guernea coalita 121.45 168.07 1.1 0.44 2.51 1.46 7:3.82

Anoplodactylus angulaius 24.49 19.57 1.1 0.10 10.80 1.41 75.2:3

Table 5. Average abundance (Yu) or the most relevant species or the stations located in the internal areas (Guadarranque y Crinauis). Species are listed in

decreasing order according to its contribution to the average or the similarity (8,) among stations until 78(k of the accumulated total similarity ( . ~ , ; S / I r J. The

total mean similarity among stations is 7a(k.

Species YB
SD(Yj,) SI SD(S,) S/SD(S,) Sir;, ~SI(/j

Corophium acutum 4,186.67 869.27 4.6 0.14 33.00 6.:32 6.:~2

Jassa marmorata 3,522.46 :3,025.48 :3.8 0.62 6.08 f).18 11.50

Ph tisica marina 1,569.02 138.35 :3.7 0.20 18.64 5.06 16.56

Aoridae sp. 1,739.8:3 588.f)6 3.6 0.28 12.74 4.91 21.46

Leptochelia dubio 882.79 180.77 3.1 0.24 13.03 4.29 25.7f)

Stenothoe monoculoides 1,597.17 1,387.98 :3.0 0.60 5.06 4.17 29.92

Gam maropsis maculata 1,016.58 558.17 :3.0 0.48 6.30 4.12 :34.04

Aora spinicornis 674.97 44:3.18 2.7 0.16 16.92 :3.69 :37.7:3

Cu mella limicola 6 2 : ~ . 8 8 fi26.77 2.5 0.:39 6.38 :3.37 41.10

Achelia sp. 379.27 139.91 2.4 0.27 9.11 :3.:3fi 44.44

Gammaropsis palnuita 2,233.74 2,834.25 2.1 0.98 2.11 2.82 47.26

Erichtonius barsiliensi« 1,055.42 1,1:31.73 1.9 1.:34 1.39 2.54 49.81

Podoceru» variegatu« 169.46 125.84 1.8 0.:3:3 5.49 2.46 52.27

Zeuxo normani 167.76 107.48 1.8 0.29 6.2:3 2.4f) f)4.72

Lembos websteri 138.fi4 100.81 1.7 0.17 10.21 2.:35 fi7.07

Microdeutopus chelifer 111.2fi 85.20 1.6 0.27 5.91 2.21 59.28

Callipallene tiberi 94.70 62.5:3 1.6 0.23 6.91 2.14 61.42

Dyncmene sp. 158.38 170.38 1.6 0.29 5.:34 2.14 6:3.57

Dexamine spinose 72.72 44.58 1.5 0.24 6.0:3 2.()1 6f)'58

Hippolyte sp. 102.50 128.67 1.4 0.15 9.32 1.86 67.4:3

Cymodoce sp. 150.56 153.57 1.:3 0.54 2.238 1.75 (-)9.18

Paranth.ura nigropu nctata 135.8:~ 149.58 1.3 0.42 :3.01 1.7:3 70.91

Orchomene sp. 42.71 31.69 1.2 0.26 4.64 1.68 72.59

Corophiu m sextonae 79.92 76.77 1.2 0.44 2.72 1.(-)2 74.21

Achaeus sp. 20.15 7.96 1.2 0.11 10.2:3 1.60 75.81

Macropodia sp. 15.22 4.62 1.1 0.07 16.83 1.52 77.:34

Journal of Coastal Research, Vol. 14, No. :i, 1998
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Tabl e 6 . Arl'ra;:l' abundn ncc ofth» mos t releva nt species o( th e station» locuto«! ill th e intcrnul IY II I and externul areas IY '>' Speeies are listed ill de('/"f'{/ sing

order uccordi ru; 10 it» con tribu tion 10 th e (ll'erage o( thr d iss imilarity 1[;,1 bettrecn tlu: 111'0 gruup« un til 41i(lt o( the accu mulated tota l simi lari ty ( ~' [;, (lt I. The

total (l/ 'l'rclf,;(' di ssimilarity amo ng stations is 42.:J8rlt .

S pec ies Y" Y, s, 8 1M ,I ii/ SDI8 ,1 h ,ff, ~ ~ r lr

-lu ....sa lllarmorata :3.52 2.46 5.57 2.00 0 .56 :3.58 4.71 4 .71

Ericthoni us bras ili ennis 1,055.4 2 1.95 1.25 0 .7 1 1.76 2.94 7.66

l i vale sch mi d ti 1.01 560 .92 1.18 0 .37 3 .19 2.79 10.44

Amphilochu» ncnpolit an u» 0 .00 285 .44 1.18 0 .08 14.:l5 2 .79 13 .23

Tanois dulong ii 5 .4:3 966 .12 1.14 0 .:31 3 .08 2.69 15 .93

Aphvru sa s p. 0 .81 84 1.09 1.1 1 0 .66 1.69 2 .62 18 .55

Zeus» norman i 167.76 0 .00 1.00 0 .16 6 .1:3 2 .:35 20 .90

Microprntopu» sp. 1.60 29 1.71 1.00 0 .22 4 .57 2.35 2:3.25

Zcuxo corulens is 395.62 0.00 0 .95 0 .68 1.40 2.24 25 .49

Ampithoe ramond i 2 1.6:3 427.75 0 .90 0.4 7 1.90 2.12 27.6 1

Caprrlla acu nt h ifera 0 .54 3:36 .5 1 0 .85 0 .61 1.40 2.00 29 .6 1

Ap heru sa bispi nasa 43.62 49 2.49 0 .80 0 .4:3 1.86 1.88 :31.49

Go m moropsis palm ata 2, 2:3:3 .74 1,212.12 0 .78 0 .33 2 .:35 1.8:3 :33.:31

Guern ea coalita 0 .00 121.45 0 .77 0 .:37 2. 11 1.82 35 .14

Corophium acut um 4 ,186 .67 1,35:3.12 0.77 0.4 5 1.12 1.81 :36 .95

Corophi um sextonae 79.92 :3.5 7 0 .6 1 0 .:32 1.91 1.45 :38.40

Mirrodent opus chelifer 111. 25 26 .8 1 0 .59 0 .:39 1.5 1 1.40 :39.80

Table 7. Valu es of th e statis tit: R IA / OSIM ) among the d ifferent station» dur ing the per iod ofstud». I' <, 1i.1i.?;*: not meaning/ iii . t l ) l sland of Las Palomas;

I S) Sa il Garcia ; I C ) Cucareo: 10) Guadarranque; ICRi Crinu ris.

SE P92 DEC92 MAR93 JUN93 SEP93 8EP92 DEC92 MAR93 JUN93 SEP93

(( 1-12 1 0 .28" 0 .00 * 0 .82 0 .24 ' 0 .46 IS I -G21 0 .94 1.00 0.96*

111 -1:11 0 .25'" 0.4 :3 1.00 0 .66 0 .59 IS I -C R I I 1.00 1.00 0 .68 1.00

II I-SI I 0 .6(; 0.40 0 .89 0 .70 18 1-e R:3 1 0 .98 1.00 0 .7:3 1.00

(( I-S21 0 .77 0 .67 0 .96 18 2-8:31 0.86 0.4 5"

III -S:l 1 0.90 0 .70 182-CI I 1.00 0 .69 0.76

(( I -C I I 1.00 0 .72 0 .91 0 .57 0 .79 18 2-C2 1 1.00 0 .80 0 .76

II I -C2 1 1.00 0 .70 1.00 0.66 0 .84 (8 2-C:ll 1.00 0 .80 0.90

II I -C:l l O.9 ~l 0.58 0 .96 0 .8 1 0 .56 18 2-G I I 1.00 1.00 0 .96

111-( ; I I 1.00 0 .99 1.00 1.00 1.00 IS2-G2 1 0 .95 1.00 1.00 '"

111-(;21 0 .97 0.98 0 .97 0 . ~17 18 2-C R I I 1.00 1.00 0 .92

III -CI{1 1 1.00 0.96 1.00 1.00 1.00 182-CR:l l 0 .96 1.00 0 .96

II I -C Itll 1.00 0.96 1.00 0 .90 ' 1.00 18 :3-C II 1.00 1.00

1I2 -I:l I 0 .28' 0 .25 ' 0.49 0 .22" 0 .18 " (S:I-C2 1 1.00 0.!)8

112-8 11 0 .79 0 .25 ' 0.49 0 .75 18 :1-C:li 1_00 1.00

112-821 0 .80 0 .49 0.84 (8 :3-G I I 1.00 1.00

I\ 2 -8 :l l 0 .9S 0 .62 IS:3-G2 1 0 _!-l5 1.00

' 12-C l ' 1.00 0 .62 0.5 1 0 .74 0 .8:1 IS:l -C IU I 1.00 1.00

112-C21 1.00 0.64 0.68 0 .(i8 0 .9:1 18:1-CR :l l 0 .97 1.00

11 2-C:l l 1.00 0.6 :1 O.SO 0.80 0 .70 IC 1-C21 0 .77 0 .7H 0.21 '" O.OS" 0_96

I12-(; II 1.00 1.00 1.00 1.00 1.00 ICI -Cli 0 .80 0 .78 0 .54'" 0 _1 T' 0.40

112-( ;2 ' 0 .9(i 1.00 0 .9 7 O.H!-l «ncu 1.00 1.00 1.00 1.00 1.00

112-C HI ' 1.00 0 .!-l6 1.00 1.00 1.00 IC I-G21 0 .H6 1.00 0 .H5 0.98

<I2-Cl t l , 0.98 O.H(i 1.00 O.!-lO" 1.00 IC I-C I{I , 0.H9 1.00 1.00 0_8f; 1.00

11:1-8 1I 0 .98 0.4 2 0.4 :3" 0 .S4 IC I-CH:11 1.00 1.00 0 .% 0.90 " 1.00

11:1-8 2' 0.8H 0. 84 0 .7 7 IC2-C:l l 0 .27' o.s : 0 .55 lU 5'" 0 .56

11:1-8 :ll 0 .9,; 1.00 IC2- (; I I 1.00 1.00 1.00 1_00 1.00

11:1-1' 11 1.00 1.00 (U):l 0 .87 1.00 !C2-( ;2 , 0 .% 1.00 o.ss 0 .97

I I:l-C2 , 1.00 1.00 O . ~ )O 0 .7~ ) o.ss IC2-C HII 1.00 1.00 1.00 0.90 1.00

11:1-1':11 1.00 O .H ~ ) 0.9 1 0 .87 0 .76 IC2-C R:l l 0 .9(; 1.00 (U)ii 0 .90 " 1.00

11:1-(; I I 1.00 1.00 1.00 1.00 1.00 ICl-(; I I 1.00 1.00 1.00 1.00 1.00

' 1:1-1:2 ' O . ~)( i 1.00 o.m 0 .H9 IC l-( ;21 0 .H4 1.00 IU)(i (Ul6

I I:l-C IU I 1.00 1.00 1.00 1.00 1.00 ICl-C I{1I 1.00 1.00 1.00 0 .9;] 1.00

, j:l-(' I{:l, 1.00 1.00 1.00 0 .91l'" 0 .99 IC:l-C lt ll lUl 4 1.00 1.00 O.!)(Y' O.H9

'8 1-82 1 0 .H7 O.:Hi 0 .04 " 1(; 1-(; 2 1 o.m 0.81 O.!lO 0 .77'

' S I-S:1' ( l.~ )H 0 .5 7 1( ; I-C I{I I IUl:l Ium 0.84 0.9H 1.00

, S I-(' I, IU I9 0 .6;' 0 .:l7 0 .89 I( i l -C lt l l IUl;; IUI8 0.H9 0 .91l'" 0.97

, S I -C2 1 1.00 0.(,2 O.·Hi 0 .84 , ( ;2-C In I IUl 5 1.00 0.% 0 .~l4

IS I·(': ll 1.00 O.;;H 0 .,,4 0 .S8 1(; 2-C I{:11 0 .H2 1.00 0.H2 0 .94 '

18 1-( : 11 100 1.00 0 .95 1.00 IC R I-C IU I o.at lum IU; I o.m- 0.7 1
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Table 8. Re:..sults ofthe ancdvsi« R/O-ENV: rariable combinutions fairing

k every time, the higher values obtained in each combinotion being em ph a

sized (in boldface the maximum raluet. (SED) nedi mentution rate; (MSED)

(lr organic matter of the sedimentation; (SUS) solid in suspension; (SUSM)

organic matter in suspension; (HYD) livdrodvncunism ; (ClJ compactness

index; (INTV) interstitial volume.

Harmonic Ranges of Spearman Correlation (p\\):

k Better Variable Combinations

INTV CI HYD SUS SUSM MSED SED

(0.567) (0.517) (0.295) (0.236) (0.218) (0.182) (0.110)

2 HYD,INTV HYD,CI SUS,INTV

(0.737) (0.724) (0.709)

3 HYD,CI,INTV SUS,HYD,CI

(0.760) (0.696)

4 SUS,HYD,CI,INTV

(0.749)

ordination and classification analysis and this shows the dis

criminating power among localities that possess this animal

group.

Relationships Between Biotic and Abiotic Variables

The environmental variables used for BIO-ENV were: sed

imentation rate, (,Yr of organic matter of the sedimentation,

hydrodynamism, solid and organic matter in suspension, in

terstitial volume and compactness index. These last two, con

sidered as components of the habitat, together with the sed

imentation rate were previously transformed (log x + 1),

The better correlations obtained in the analysis are shown

in Table 8. The maximum correlation is obtained for hydro

dynamism, compactness and interstitial volume (0'760), Be

sides, good correlations of the combination of these parame

ters with the organic matter of the sedimentation and the

solids in suspension are shown.

With the canonical correspondence analysis (CCA), it is

possible to determine if these variables represent an environ

mental gradient throughout Algeciras Bay. In Figure 5 we

observe that the stations of the Island Las Palomas are close

to those of San Garcia, while those of Cucareo are consider

ably more distant. Concerning the internal stations, Crinavis

is relatively nearer to the external zone, due possibly to cer

tain influences of the hydrodynamic forces (here, the tidal

currents of the Strait converge during low tide), Table 9

shows that the gradient of the first axis of the analysis is

practically determined by the compactness index. Hydrodyn

amism significantly influences distribution on the second

axis, together with organic matter of the sedimentation.

With respect to the species composition, certain trends are

indicated. In the area of Cucareo, there is a small group of

species that are not abundant, such as Caprella cf. mitis. Zen

obiana prismatica or Pisa tetraedon. But of more importance

is the presence of typical soft-bottom species such as Ampc

lisca cf. unidentata, Siphonoecetes sp and Apseude« talpa; the

motion of sands that are deposited on the algae making pos

sible the settling of species of their characteristics.

Another noteworthy species is the amphipod Aphcrusa sp,

characteristic of the shallow water stations of the external

zones. It appears nearest to the stations of Cucareo. The zone

occupied by the stations of the Island Las Palo111a8 and San

Garcia shows a numerous group of common species to hoth

sites with a notable influence of compactness index (a larger

number of spaces favors swimming species). Some examples

are: Cressa cristota, Guernea coalita, Eusiroides delarallei,

Amph.iloch.us neapolitanus, Ryall' sch.midti, Apherusa bispi

nosa, Pereionotus testudo, Lembos uiguieri, Pedoculin.a garcui

gomezi, Nebalia bipes, etc. Another group, constituted by spe

cies living in moderate conditions of hydrodynarnism, solids

in suspension and compactness index are Parantliura nigro

punctata, Dexamine spinosa, Gammaropsie palnuita, Thora

Ius cranchii, Hippolyte sp, Leptochelia dubia. Species with

higher requirements of organic matter in suspension and low

hydrodynamism are Cymodoce sp, Tritraeta gibbosa, Coro

phium. acutum; Aora spinicornis, Stenothoe monoculoules and

Orchomene sp. Those of more hydrodynamism and a higher

percentage of organic matter in the sediment are Ph.tisica

marina, Pariambus typicus, Ischvrocerus inexpectatus, Gam

maropsis maculata, etc. In the Crinavis area, the same as in

Cucareo, there is a high number of typical soft-bottom species

due to the fact that the algae are surrounded by a wide sandy

bottom. Thus, Corophium sexton ae, Gammarella [ucicola,

Harpinia sp, Iph.inoe sp, Dardanus sp, etc are found. In the

Guadarranque zone there is a predominance of deposit-feeder

species such as Jassa marmorata; Erictlionius brasiliensis

and Zeuxo normani and Z. corolensis, characterized by the

highest values of organic matter in the sedimentation and

with little interfrond spaces.

According to the Monte-Carlo test, ordination is significant

for the first axis (F = 3'51, P = 0'05).

DISCUSSION AND CONCLUSIONS

The determining factors of the composition of the epiphytic

arthropods community are hydrodynarnisrn, sediment.at.ion

rate, solids in suspension, levels of nutrients and algal mor

phology (HAGERMAN, 1966; BELLAN-SANTINI, 1969; MOOI{E,

1972, 1986; Russo, 1989; etc). With this animal group there

is a clear separation of the different species according to the

prevailing environmental conditions in each zone. Accord: ng

to FENWICK (1976), the variety of microhabitats is larger in

exposed coasts than in protected, thus a greater number of

species appear in the external zone. The quantitative domi

nances of external-zone species are more spread out than

a1110ng the species of the internal zone where there are some

species that are clearly dominant over the others, as in the

case of the amphipods Corophiu m acutu m and -lassct mar

morata. Both species, even though they can also be abundant

in high hydrodynamism conditions (DIVIA('('O, 19HO; DIVIA('

co and ARATA, 1988; ~JIMENO, 199:3), proliferate more in this

zone because of the high available sediment on the algae for

the construction of their tubes and as food, being two species

typical of port environments (TAHAI\lELLI and S('IPI();\;E,

1977; CANDELA et al, 1983; PH()('('A('('INI and S ( , I P I ( ) ~ E ,

1992), -I. marmorata was also found in areas with high stress

(LE1) ()YEHand MEN101 IT, 198;3) and ()f h igh sed i111 enta t.i () n

(SCIPIONE et ol, 1981; FHANZ, 1989; MYEHS, 19R9). C. acut u in

was also abundant in the external zone, which confirms its

resistance to strong hydrodynamism.

-Iournal of Coastal }{esl'arch, Vol. 14, No. :3, 199H
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Table 9. Results o{ the co nonical correnpondcncc an alvsi«.

Int.raset Values Axis I Axis2 Inflation

MSED 0.442 0.4G6 1.:342G

SUS 0.:372 0.197 1.6461

SU8M --0.42:3 O.IGH I.4H:3H

HYD ~0.219 O.HI9 1.1641

CI 0.966 0.02H 1.7H76

Axis l Axis2

Species-environment corrcl. O.90G 0.914

Cumulative (Ir variance

of species data :3:3.4 4G.7

of species-environment

relation G1.1 69.9

Another reason to explain the preference of this species for

the internal stations can be because of the existence of COI11

petition. Some spat.io-ternporal differences in the distribution

or abundance of species with apparent similar food or habitat

requirements suggest compet.it.ion, present or past, due to

limited resources (DIAMOND, 1975 L An import.ant species in

the external zone and practically non-existent in the internal

is the amphipod Am.pithoe ramondi. It is often a territorial

species (BRAWLEY and ADEY, 1981), builder of tubes and of

aggressive behavior compelling other tubicolous species such

as Coroph i u m to occupy the distal and basal portions of the

algae (GUNNILL, 1984), It is a species of' relative larg'e size

and whose preference in our study was for algae wit.h a lot

of space and larger size. C. (lCU/L111Z is located in opposite con

ditions, together with other t.ubicolous sp{lcies such as Eric

thonius brasiliensis.

There are a great number of' species under t he same con

ditions as those of A. raniondi, with moderate and high hv

drodynamism and a lot of space which should also favor

swimming species (C[USP and M\\;'AISE,JE, 1989) such as

..4pherusQ bispinosa . Apherusa sp., Lembo» iiuuieri, /vm ph il-

och us neapolitanus or Hyalc sch midt i (this species sustains

strong mechanical stress according to KHAI'P-SClll< '('::El

11975)). In intermediate conditions there are species such as

the isopod Paranth ura n igropu nctot o . abundant on macroul

gae and seagrass and regularly associated with the sediment

fraction (WA(;ELE, 1 9 8 2 ~ Al{l{ONTES and ANAJ)ON, 1990)~ the

decapods Hippolvte sp. and Thoralus cranch ii are both swim

ming species and with need of space; etc. Between the species

with requirements of low hydrodynarnism and high percent

ages of organic matter in suspension we find the isopod Dv

namene sp., which tends be tolerant of pollution (BELLAN

SANTINI, 1969; I)ESI{OSIERS et ai, 1986), and the an1phipod

Stenothoe Inonoculoides, that seems to be indifferent to hy

drodynamism (DOMMASNES, 196R; MOORE, 1986), In zones

with higher incidence of currents but s111aller suspension, for

example, the amphipod ParialnbLls typicus stands out, in

spite of being a typical soft bottoms species and sheltered

areas as the Caulerpa and fanerogames meadows (SCIPIONE

and CHESSA, 1986) with tolerance for high sedimentation

rates (PROCCACCINI and SCI PIONE, 1992), and ]schyrocerus

ine.xpectatus like most of the species of the Ischyroceridc:lc

family adjust well to high hydrodynamism (MOOI{E, 197:~;

VAnEK, 198:3). At the opposite extreme, in conditions of

smaller compactness index and more protected areas, the typ

ical deposit-feeder species appear as mentioned above, Jass«

marmorata and Ericthonius brasiliensis (TARAMELLI and

PEZZOLI, 1986) or the tanaids Zeus..o norm.ant and Z. coralcn

sis, characteristic of shallow waters and higher temperatures

(SANZ, 1993).

In conclusion, the different environmental conditions from

each zone of the Bay of Algeciras determine the final COIll

position of the community. Therefore, we can assert that this

taxonomic group, thanks to its high richness in species with

a wide environmental spectrum and its great quantitative

importance in the epiphytic communities shows in a clear

way the spatio-temporal differences among the different lo

calities. Thus, it can be extremely useful in characterization

studies of environmental quality of coastal waters.
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[ j SUMMARY l I

Se estudia la variacion espacial de las comunidades de art.ropodos asociadas al alga Halopteris scopario en rclacion a la influencia de factures amhient ak-s en 1<1

Bahia de Algociras (Sur de Espana l. POI' medic de divcrsos anal isis mu ltivariantes, podernos constat.ar una clara difercncia en la cornposicion de las comunidades

de las areas externas e internas de la bahia, sicndo cl h idrod inarnismo y la morfologia algal los principalcs factorcs deterrninantcs de esta cornposicion. En la zona

externa se aprecia un mayor nurncro de cspecios cuyas domi nancias cuant.it.at.ivas estrin mas rcpart.idas que entre las espccics de la zona internu deride hay algunas

que dominan claramontc sobre las dcmas como cs cl caso de los anfipodos Corophium acut um y Jasso m armorata. Como conclusion. podernos afimar quo pste grupo

animal. con una clevada riqucza de espocies con un amplio espoctro nrnbie ntal y con una gran importancia cuantitativa en las comunidades cpifit as, mucst ra

claramente las difcrcncias entre las dist.int.as localidades, pur 10que pueden ser de gran utilidad en cst.udios de caractcrizacion de la calidad amhicntal de las aguas

litoralcs.
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