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ABSTRACT: Sublittoral communities of macroalgae from the Abra de Bilbao and its surrounding area,
which are affected by pollution, were studied in 1984 and 1992. Statistical cluster analysis applied to a
network of 230 quadrats distributed along 7 transects resulted in 4 structural levels of community,
depending on the pollution gradient. These levels are defined by algal cover, vertical layering and the
predominant morphology of the species forming the community. Sedimentation, turbidity and water
toxicity are the principal destabilizing factors among the phytobenthic communities. Species with
simple morphology, mainly ceramiaceous algae (Ceramium diaphanum, Callithamnion neglectum,
Antithamnionella spirographidis, Pterothamnion plumula, Anotrichium furcellatum, Compsothamnion
thuyoides), sciaphilous (Mesophyllum lichenoides, Zanardinia prototypus, Rhodymenia coespitosella,
Drachiella minuta, Erythroglossum laciniatum, Hypoglossum hypoglossoides) and those resistant to
sedimentation (Pterosiphonia pennata and Champia parvula) are the most widely found species in
severely polluted settings. Species such as Gelidium sesquipedale, Heterosiphonia plumosa, Callible-
pharis ciliata. Halopitys incurvus, Dictyopteris polypodioides and Halurus equisetifolius are species
typically found at the reference site and are good indicators of unchanged environments. Pterosipho-
nia complanata, abundant at the reference site, took the place of G. sesquipedale in those sites farthest
from the source of pollution. Ordination and classification analyses detected changes in flora after 8 yr,
pointing toward a recuperating process. The improvement consisted of an increase in algal cover along
with a decrease in ceramiaceous algae and a greater complexity in community stratification. This
recovery was directly related to a decrease in industrial activity and closure of the mineral washeries,
as well as the establishment of urban wastewater-treatment plants for various municipalities.
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INTRODUCTION

Benthic marine algae are good indicators of environ-
mental changes caused by pollution of marine coastal
waters. Attached algae, because of their sedentary
nature, tend to integrate the effects of long-term expo-
sure to adverse conditions. Studies on this subject have
largely been carried out on the intertidal zone (Golubic
1970, Borowitzka 1972, Edwards 1972, 1975, Littler &
Murray 1975, Murray & Littler 1978, May 1985, Brown
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1990, Fairweather 1990) and thus information over the
effects of poliution on sublittoral flora is more recent
and scarce (Lundalv et al. 1986, Cormaci & Furnari
1991). In general, pollution creates a degradation of
flora resulting in an important decrease in species rich-
ness, an increase in abundance of a few ephemeral
species with high reproductive capability and toler-
ance to pollution, and a simplification of community
structure. However, there is little information about the
inverse processes of recuperation. The purpose of this
article is to document temporal {1984 to 1992) and spa-
tial (17 km of coast) changes in the composition, cover,
vertical stratification and nature of the sublittoral ben-
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thic vegetation in an area affected by severe pollution
and which has seen a decrease in the pollution of its
waters in the last decade.

STUDY AREA

The area studied was located in Northern Spain, in
the mouth of the Nervion River (Abra de Bilbao) and its
proximal coast (43° 20' N, 3° 01" W) (Fig. 1). This area
suffers from severe pollution as a result of industrial
and urban dumping of non-treated wastes into the
Nervion River over decades. Since the early 1980s
there has bheen a decrease in the water pollution
(Table 1) due to a recession in industrial activity and
closure of the mineral washeries. This decrease has
been even more noticeable since 1988, coinciding with
the closure of 2 of the most important metallurgical
plants and the initiation of primary wastewater treat-
ment in various municipalities in the Bilbao metropoli-
tan area.

Polluted waters of the Nervién River flow into the
Abra de Bilbao and are carried eastward by currents
influenced by the northwest wind. For this reason,
7 study sites were established along the 17 km coast-
line (Fig. 1). In the Abra proper there are 3 sites: Cier-
vana (Site 2) and Termica (Site 3), both semi-exposed
to waves, and Arrigunaga (Site 4), which is exposed.
The other 4 sites are along the open coast and are all
very exposed to waves: Galea (Site 5), Menakoz
(Site 6) and Matxilando (Site 7) to the east and Muskiz
(Site 1) to the west. Site 1 was considered the reference
site due to low or non-existent exposure to the polluted

plume. The topography of Sites 2, 3, 5 and 6 was very
regular, consisting of flat rocky shore platforms. Sites 4
and 7 had a slightly irregular topography with alter-
nating spurs and depressions. Site 1 showed an abrupt
topography as it was the elongation of a cliff. Salinity
(35%o) and temperature (12 and 22°C in February and
August, respectively) showed no significant differ-
ences between the sites in the area studied. Only the
site closest to the mouth of the Nervion River under-
went small changes in salinity (33 to 35%0) and temper-
ature (10 and 21°C for February and August).

METHODS

A 100 m long transect perpendicular to the coast was
made at each site. The depth range covered by the
transects varied according to the topography of the site.
The transect began at a depth of 2 to 3 m, and ended at
depths between 6 and 10 m (except at Site 2 where the
transect was as deep as 13 m). An estimation of the
cover (1 m? quadrats ) of the species was made at 3 m
intervals according to the following scale (Braun-Blan-
quet 1932/1951): + (<1%); 1 (1 to 5%); 2 (5 to 25%);
3 (2510 50%); 4 (50 to 75%); 5 (75 to 100%). The sedi-
mentation level (silt and sand) of the quadrats was also
visually estimated using the following subjective scale
(John 1968): 1 (little), 2 (moderate), 3 (heavy) and 4
(very heavy). Details concerning vertical layering of the
community and a photographic register of each sample
were also taken. The sampling was carried out in the
summers of 1984 and 1992. Significance levels of the
differences between cover means of both years were

evaluated by Mann-Whitney U-test. Multi-
variate analyses of data were carried out
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using CANOCO (ter Braak 1988) and SYN-
TAX (Podani 1993) programs. Kent & Coker
(1992) and Jongman et al. (1987) report the
description and application of multivanate
analysis techniques for vegetation studies.
Ordination analysis of quadrats using a lin-
ear model of indirect gradient (Principal
Component Analysis) was carried out to reg-
ister a possible ordination of the quadrats as
a function of pollution as well as displace-
ment of the quadrats in time and space.
Finally, floristic differences between sites
and different degrees of deterioration in the
communities were determined using statisti-
cal cluster analysis for both years. The histo-
gram transformation was applied to all per-
centage cover data. Chord distance was
selected as the resemblance coefficient; the

Fig. 1. Study area and sites in Northern Spain

clustering strategy used was average link-
age (UPGMA). Dendrograms of both years
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Table 1. Changes in volume discharged (Q) and main pollutants in industrial and domestic effluents (information provided by the
municipal authority for water supply and sewage 'Consorcio de Aguas del Gran Bilbao’

Industrial sewage discharge
Q Acidity Iron Cadmium
(m*d™) (kg d™h (kgd™h (kg d™h)
1984 67454 379308 53824 39.1
1992 40374 54 500 7977 0.9
Domestic sewage discharge
Q BODs COD TSS
(m*d™") (kgdh {(kgd™ (kg d™)
1984 250000 57500 100000 50000
1992 250000 50920 88557 37572

Arsenic Copper Nickel Lead Zinc
(kg d™") (kg d) (kg d™") (kgd™) (kg d™h
1121 345 343 189.6 3529
0 59 17.3 58.6 238
P-PO,
(kgd™h
2500
2306

were compared in order to detect variations in relative
distances between the sites.

RESULTS

From the 230 quadrats per year (Table 2}, a total of
80 and 75 species of macrophytes (1984 and 1992,
respectively) were recorded. The floristic composition
was similar in both periods with a total of 63 species in
common. Of the 13 species that appeared in the second
year, only 3 (Saccorhiza polyschides, Spirulina sp. and
Erythroglossum laciniatum) had a high frequency (n =
32, 29 and 20, respectively). In 1992, 17 species which
had been observed in 1984 were not observed, Aglo-
athamnion byssoides and Schyzimenia dubyii being
the most noteworthy absences (n = 36 and 29, respec-
tively).

Mesophyllum lichenoides and Zanardinia proto-
typus were the species that had the greatest cover and
were common to all sites (except Site 4) both years.
Other species with an important cover were Pterosi-
phonia complanata, Callithamnion neglectum, Cera-
mium diaphanum, and Rhodymenia coespitosella, the
last 3 being common at the sites closest to the source
of pollution. Gelidium sesquipedale managed a high
cover only at the reference site.

Site ordination

The quadrats are represented by the first and second
axes of the PCA (Fig. 2). The first axis summarises
20.1% of the variability in the data set. Cumulative
percentage variances of the second and third axes are
33.3% and 41 %, respectively. Ordination analysis was
carried out for all the quadrats of 1984 and 1992
together (Figs. 2 & 3) noting the similarity in terms of
composition and abundance of species. This reflects

a circular arrangement of the quadrats according to
the following sequence of sites: 4 (Arrigunaga), 2 and
3 (Ciervana and Termica), 5 (Galea), 6 (Menakoz),
7 (Matxilando) and 1 (Muskiz). Site 4 as well as Site 1
(the closest and furthest sites from the pollution source,
respectively) are markedly distanced from the other
sites (Fig. 3). Each site is also slightly displaced with
respect to itself in time. As a result, in 1992 Site 3 is
closer to Site 5, Site 5 to Site 6, and Site 6 to Site 7.
Site 7 did not show a significant change in its proxim-
ity to Site 1. An exception was observed in that the
slight displacement of Sites 2 and 4 was opposite that
of the other sites.

Site classification

In order to determine differences between sites with
respect to composition and cover of species, population
data was subjected to statistical cluster analysis for
1984 and 1992 (Figs. 4 & 5, respectively). In both den-
drograms, well-defined groups, clearly showing no-
table differences between quadrats, could be recog-
nized (4 and 6 groups in 1984 and 1992, respectively).

In 1984, Group 4 (Fig. 4) differed the most from the
rest, gathering all quadrats from Site 4 (Arrigunaga).
These were characterised by a practical absence of
flora due to a very heavy silt level (Table 3). The flora
which was found there was characterised by extremely
light species richness and cover, absence of stratifica-
tion (including the crustose layer) and opportunistic
species: Antithamnionella spirographidis, Pterotham-
nion plumula, Anotrichium furcellatum and Pterosi-
phonia pennata. In the 1992 dendrogram (Fig. 5), the
same group (Group 4') maintained its differences from
the rest of the groups. Newly appearing species were
Asparagopsis armata (tetrasporophytic phase), Hypo-
glossum hypoglossoides and Erythroglossum lacinia-
tum, the last 2 being exclusive to Site 4.



Table 2. Frequency (N) and average cover in " (C) of species according to site and year. Species are listed in decreasing order of total average cov-
ers for 1984. The lower part of the table shows the total number of spectes per year and site. *, ** and *'" indicate signiticance levels p < 0.05,
p <0.01 and p < 0.001, respectively, for the Mann-Whitney U-test of differences between means. (Table continued across page)

Species Total Site 1. Muskiz Site 2. Ciervana Site 3: Termica
1984 1992 1984 1992 1984 1992 1984 1992
N C N c N C N C N C N [ N C N C
Mesophyllum lichenoides (1.Ellis & Sol ) Lemaoine 3354 31 47,00 28 34.59 34 4760 30 3888
Zanarc 1 prototypus (Nardo) Nardo 170 16.02 i5 1 : 16 982 32 2851 24 22490
Pterosiphonia complanata {Clemente) Falkenb 101 8.85 27 44 3 012 3 0.04 2 010
Ceramium diaphanum Lightf | Roth 92 497 - - 2 0.03 26 21.09 11 182"
lithamnion neglectum (Feldm.-Maz.) Balles. & Rom PO 471 - - 28 30.536 27 2074 33 191 32157 "
redale (Clemente) Thuret 21 3.8 14 24 37 - - - - - - -
spitosella L'Hardy-Halos 118 230 - - 15 5.26 5 057" 25 268 10 274
cenbergia rufolanosa (Harv.) F.Schmitz 60 1.35 24 0507 - - - - - - -
rdria coerulescens (J . Agardh] Falkenhb 57 1.3t e - = - - 1 o0
Drachiella rmnuta (Kylin) Maaggs & Hommersand 32 0.89 - =, - - & 14 035 - - 1 001
Antithamn spirographidis (Schifin) Woolast 74 083 7 011 - - - - - - - - -
Cladostep pongiosus (Huds | C Agardh 45 0.64 7 019 = - - 2 003 3 0.19
Haematocelis rubens J Agardh 67 0.58 1 002 6 0.09 - - - - 12 0.13 = -
Pterothammon plumula | ] Ellis| Nageli 60 0.47 - - - - - - 18 U.26 - ol
Nitophyllum punctatum [Stackh | € 114 045 12 0.19 1 001 2 003 11 031 29 085 21 03!
Dlt tvota dichotoma (Huds.| J.V Lamour 61 031 13 0.20 10 0.15 4 1.26 5 030 12 0.18 13 026
1eirts ciliata (Huds ) Kutz. 24 031 23 213 21 132 1 009 - - - - -
1m furcellatum (J.Agardhj Baldock 19 0.30 - - - - 5 1.86 2 003 3 004 - -
pleura ramos4a (Huds ) Kylin ex Newton 25 025 25 178 34 3697 - - - - - - - -
C u;..pwthammr'n thuyordes (J.s Sm | Nageli 104 0.24 - - - 13 020 - - 20 0.29 4 0.06
Desmarestia higulata J.V.Lamour 27 023 23 1. 53 1 001" - - oy - 3 0.04
Pterosiphonia pennata (C.Agardhj Falkenb. 43 0.22 15 092 11 0.24 1 0.09 2 010 11 024 3 D04
Champia parvula (C Agardhi Harv 65 0.21 2 0,03 - = = - 20 029 4 0067
Cladophora sp. 80 018 12 0.19 4 0.06 3 005 8 0.19 9 0.13 29 050"
Bonnemaisonia asparagoides (Woodw | C Agardh 28 017 13 044 3 0.04* 6 061 - - = - -
Taonia atomaria (Woodw ) J.Agardh 42 013 1 0.02 - - 1 0.02 2 003 16 024 10 015
Gymnogongrus crenulatus (Turneri J.Agardh 41 013 20 047 10 0.15° - - - - -
Flocamium cartilagineum (L) P.S.Dixon 40 012 12 0.34 26 1 0.09 - - - - 3 0.54
Asparagopsis armata Harvey 45 0.11 15 031 3 - - - - - - - -
Ulva rigida C Agardh 39 0.11 20 047 6 2 003 3 0.04 3 004 10 0.15
Halopitys incurvus (Huds. ) Batters 16 0.11 i6 0.78 2 - == - - - - -
Phyllariopsis brevip, jardh) Henry & South 31 0.10 24 061 10 3 0.05 3 047 3 004 2 0.03
Halarachnion ligulatum (Woodw.) Kutz 20 0.10 3 05 - - - - - 3 004 - -
Heterosiphonia plumosa (J.Ellis) Batters 19 0.10 19 0.69 13 0.84 - - - - - -
Polysiphonia polyspora (C.Agardh) [ Agardh 10 0.10 - - - - 2 055 - - - - - -
Dictyopteris polvpodiowdes (D.C ) 1 V. Lamour 25 009 18 U44 15 044 5 0.15 1 001 - - -
Stenogramme interrupta (C. Aagardh) Mont. ex Hary 5 ©0.09 2 003 - - 3 0.56 4 013 - - - -
Microcladia glandulosa (Scl. ex Turner) Grev 4 0.09 = B - - 3 064 16 297 1 001 19 135
Aglaothamnion byssoides (Arn. ex Harv ) Halos & Rueness 36 0.08 - = 10 016 - = - - - - -
Corallina officinalis L. 28 0.08 29 0.11 1 002 2 010 - - - - - - 21 038
Gelidium latifolium (Grev | Bornet & Thur 25 0.08 1 0.00 - - - - - - - - - - -
Rhodymenia ps nata {J V.Lamour) P.C Silva 11 0.08 12 0.12 11 D.56 6 .53 - - - - 1 009
Briopsidella halymeniae (Berthold) Feldmann 7008 - - 1 0.02 - 2 049 - - 1 001 - -
Schuzymenia dubyi (Chauv. ex Duby] J. Agardh 29 007 - - 4 D06 - - - - - - - - -
Callophy p. 1 007 - = - - = 1 045 - - - - - -
Apnr’.o“un ruscifolium (Tumer| J Agardh 26 0.06 7 003 - - - - - 2 0.03 - - - -
Cryptonemia lomation |Bertolini) J. Agardh 18 D06 6 0.01 7 011 1 001 11 032 4 0.0v - - - -
Pterocladia cap. ‘ede (5.G.Gmelin) Bornet & Thur 15 0,04 1 0.00 . = = = - = - - = - = =
Gratelot J Agardh 14 004 - - - - - - - - - -
Halurus equisetifolius (Laghtl.] Kutz. 14 0.04 19 007 14 0.28 16 046 - - - - -
Halopteris filicina (Gratel | Kutz. 12 004 1 0.00 4 006 1 002 2 01 - - = -
dylothammon muitifidum (Huds.) Nageli 8 003 3 0.09 4 006 - - 4 014 3 062 = - = -
Acrosorium reptans (P .Crouan & H.Crouan) Kylin 7 003 1 0.00 5 016 - - - - - -
Spatoglossum solieri (Chauv. ex Mont.| Kutz 5 0.03 - - - - - 5 023 - - = = - -
Gigartina pistillata (S.G.Gmelin| Stackh. 11 0.02 3 003 10 0.16 3 019 - - - - - - -
Cuu um decorticatum (Woodw | Howe 9 002 62 14.51 - - - - - 8 0.68 - - -
ipia filicing (J.V Lamour) C.Agardh 8 0.02 - - 1 0.02 - - - - - - - - - -
onia foetdissima Cocks ex Bornet 8 0.02 4 001 - - - - - - 2 003 8 D12 2 003
Call lophyilis lacimata (Huds ) Kitz. 7 0.02 30 055 4 0.06 4 0.06 - - - - - - - -
Lomentaria cl: x\ul’r 1sa (Tumer) Gai Ilrm 7 0.02 - - = - - - - - 7 010 - -
rium ven iZanardini) Ky 3 0.02 22 U.Us 3 013 1 009 - - - - - - - -
T ¢ lr.’r"‘rr 6 0.01 8 070 - - - - - - - - - - 8 4.74
5 0.0t - 1 002 - - - - - - - -
4 001 - 2 - 5 - = - = - - _ - B
Bryopsis plur 4 001 1 001 - = - - - - - 4 0.06 1 009
Halicystis pdnulu S(hrmdr ex Murray” 3 001 17 004 - - - - - - - 3 004 3 0.04
Bornetia secundifiora (J.Aqardh) Thur. 1 0.0t 1 0.00 1 09 1 001 - - - - - - -
Cys i bacedata |S.G.Gmelin) P.C.Silva 2 0.00 1 000 2 003 1 0.0 - - - - - - - -
Dudr ava verticillata {With.) Le Jal. 2 0.00 - 2 003 - - - - - - - -
liggarting teedi J V. Lamour 2 000 1 00l 2 0.03 1 009 - - -
Scinaia fu ) J Agardh 2 000 - - - - - - - - - - - -
Codium frac gar| Harot 1 0.00 7 001 - - - - - - = =i 1 0.01 7 0.10
va(rqlo»um hypoglassodes (Stackh | Collins & Hen 1 000 18 0.08 - - - - - - - - - -
F | Sauy 1 000 B = 1 0.02 - - - - = - - — -
3.G.Gmelin) P C.Silva 1 000 - - - - - - - - =
i 1 0.00 7 0.01 - - - - = = = 1 001
d Ol(‘n fensis | Harv ) Collins ex W.R. Taylor 1 000 = - - - - = - = - = 1 ant
hylla (J Agardh) J Agardh 1 0.00 - - 1 no02 - - - - - - - - -
1 000 - - - - - - - - 1 001 - -
1 0.00 - - i 0.02 1 001 = = - =
- = 211312 s - - = =
- - - - = - - 6 0.09 15 1.29
= e - - 3 004 - E =
- - 2 046 N = = - -~ -
1 - - - - S - = = 2 003
nhis [Tumer) J Agar - - - - - - - - - 2 003
P.Crouan & H.C - - - - 1 009 - - - -
wyuosum [C Agardh) Bornet - - - - - - - - = - =
TOTAL 2441 85 1061 116 525 90 357 164 185 104 178 73 340 105 298 43
Species richness 80 75 51 36 kL 25 28 34
ophytic phase), "Schizvmenia dubyt (Chauv ex Duby| | Agardh = Hae celis
r 1sa (H i Kylin ex N n = Acrosorium re 15 |P.Crouan & H.Crouan) Kylin, "Derbesia ten

tex Murray {gametophytic phase

) P..Cr"xvmn % H.Crouan

De Not
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Table 2 (continued}

Speaies Site 4 Arrigunaga Sute 5 Galea Site 6 Menakoz Site 7: Matxilando
1834 18992 1984 1992 1984 - 1964 1992
N C N C N C N (o) N C N C N C N C
Mesophyllum lichenoides (1 Ellis & Sol.) Lemoine 1 001 9 018" 34 41.25 34 816" 32 36.48 34 20.7d 34 26.24 34 538"""
Zanardinia prototypus (Nardo) Nardo - - - - 30 27.98 34 63.2°°° 31 2242 34 8HE™" 32 1493 33 2026°
Fterosiphonia compl, ta (Clemente) Falkenb. - - 3 006 6 U.bb 1024 31 2067 33 17.09 34 2109 34 359"
num (Lightt.) Roth - = - 14 0.50 13 0.26 22 1153 - B 27 0.6 = o
1 [Feldm -Maz | Balles. & Rom - - 1 (ST A B¢ 10 015 < = = 5 2
L:!‘ll(/lll"7 w-qmpv(m le lv\mcnl( | Thuret - - = - - - - = - - 4
RE ..)Llyuu itosel Hardy-Halos 1 om 6 26 368 9 L35 21 298 - : 29 107 9
.\u[ arv.) F.Schmtz - - 14 29 T 1001 22 2 33 516 33
tI.Agardh} Falkenb - - - 1 00l 4 22 120 13 vae” 34 .eb [}
uld K\I 1} Maqgs & Hommersand - - 24 574 20 - 19 122 - 34
Anu{hum. onella spirographidis (Schifin. Woolast. 7 01 5 010 34 4012 17 26 1.50 i - - - —
Cladostephus spongiosus [Huds ) C Agardh 1 001 - 3 012 1 a8 012 1 001 24 347 5 057"
Hae 0 3 005 — 15 D94 . 8 U.2u 13 019 8 250 14 122
“lhs) Nagels 2 003 2 004 20 168 5 007" 6 009 6 031 5 007 -
punctatunt [(Stackh ) Grev. - 3 - 15 022 28  (04hc 25 141 & 0267 31 046 14 021"
vota dichotoma (Huds.) J.V.Lamour = - = - 1 001 13 0.20° PARNVRVK] - - 29 043 1 oo1"
Calliblepharis ciliata {Huds.) Kutz - - - - ~ - - - - - - - - - 5 0.22
Anctrichium furc tum (). Agardh) Baldock 3 005 8 016 8 012 2 003 - - 1 0.05 - - - -
Cryptopleura ramosa (Huds ) Kylin ex Newton - - - - - - - - - - - 2 003
Compsothamnion thuyoides (J.s Sm | Nagel 3 005 21 0.38 9 013 17 027 - - 30 0.44 4 09
Desmarestia liqulata J. V. Lamour = i3 1 004 - - 6 0.29 - 2 003 4 013 5 007
Pterosiphonia pennata (C Agardh) Falkenb 5 008 8 0206 1 009 1 0.01 3 0.05 8 141 7 0.10 2 010
Champia parvula (C.Agardh) Harv. - - - - 10 044 1 001 11025 4 013 22 040 - =
Cladophora sp 1 002 7 014 1 001 - - 25 040 33 085" 29 042 24 072

Bonnernaise isparagoides (Woodw.) C.Agardh - - - - - - - - 9 013 =
Taonia atomaria {Woodw.) J Agardh = = = - 4 028 14 021 12 019 - - 8 0.12 - -

Gymnogongrus crenulatus (Turner) J.Agardh - - - - - - - 6 0.09 7 U010 1o 037 14 0.57
Plocamium cartilagineunt (L) P.S Dixon - - 1 004 - - 1 0.01 3 005 10 0.37 24 035 31 1497
Aspardgopsis armeata Harvey - - - - = - - - 1 002 3 004 29 043 1 009"
Ulva rigida C . Agardh - < - - 1 001 3 004 2 003 - 11 016 - -
Halopitys incurvus (Huds.) Batters - - - - - - - - - - - - - -
Phyllariopsts brevipes (C Agardh) Henry & South - - - - 1 00 = -
Halarachnion ligulatum (Woodw ) Kiitz - - - - 10 0.51 - - 1 002 1 001 3 004 - -
Heterosiphonia plumosa (1 Ellis) Batters = b - - - - - - - - - - - - -
Polysiphonia polyspora (C.Agardh) J Agardh N - 1 0.04 2 0.03 1 001 6 008 - - - - -

Dictyopteris polypodioides (U.C.) J.V Lamour - o= =
Stenogramme interrupta {C. Agardh| Mont. ex Harv - - - - - - - - - - -
Microcladia glandulosa (Sol. ex Turner) Crev. - - - - - - - - - 3 012 -
Aglaothamnion byssodes (Arn. ex Harv.) Halos & Rueness  — - - - - - = - -
Cul(m'iru otficinalis | - - - - - - - 1 002 6 (.24 26 0.35‘ -
Gelidium latifolium l( rev. ) Bornet & Thur - - - - - - - 1 0.01 25 0.51 = -
i LV Lamour| P.C.Silva = 4 028 - 1 001 - - - - - - -
Briopsideila h 1 |Berthold) Feldmann = - = - - > = = = 3 004 - -
Schizymenia Chauv. ex Duby) J.Agardh - - - 17 032 - Fe ® = 8
Callophyllis sp - - - - - : - - - - - =
Apoglossum ruscifolium (Turner) J.Agardh = N = = - = - - - 26 0.34 SR S T
Crypton mation |Bertolini) 1 Agardh - - - - = - - - - - - 1
Pterocla S.G.Gmehn) Bornet & Thur. - - - - 13 0.26 i Loy 2 0.03 - - - - - -
Gratelot Arardh - - - - - - - - - - 14 0.28 - — "
Halurus e iLaghtt | Kutz - - - - - - - = - - 2 003 - - 1 001
Halopteris filici - - - - - - - - - = 6 0.09 - -
fe Huds ) Nigel - - - - - - E - - = - - - -
.Crouan & H Crouan| Kylir 2 0.03 1 0.04 - - - - = - - - -
ri [Chauv. ex Mont | Katz. - = = - - - - - - - - -
Gigartina pisiillata (S.G Gmelin) Stackh - - - - - - - - - - - 1 0.01 - -
Codium decorticatum (Woodw | Howe - = - - 2 0.03 - - 7 011 33777t - - 21 194°**
Grateloupta filicina 1J V. .Lamour) C.Agardh - - - - - - - - 2 003 - - 5 007 - -
2

Spatoglossurn

Polysiphonia Idissima Cocks ex Bornet - - - - - =
Callophyllis 1ata (Huds.) Kutz. - - - - - - - —
Lomentaria clavellosa (Turner) Gaillon - - - - - - - -
Acrosorium venulosum (Zanardini) Kylin - - - - - - - - - -
Codium adhaerens C Agardh - - - - - - - = - E
Jania cornicuiatda {L.1 J.V Lamour - - - - - - - - - :
Gelidium pusilum (Stackh.) Le Jol. - - = - - - = - - 3 =
Bryopsis plumosa (Huds | C Agardh 1 002 - - - - - - 3 0.05 - z - - - -
Hm(ycm parvula Schmidt ex Murray - - - - - - 14

Bornetia secundiflora |J. Agardh) Thur. - - - - - - = : - = - = - - - -
Cystoseira baccata (S.G.Gmelin) P.C Silva - - - - - - = - - = - - - -
Dudresnaya verticillata (With)) Le Jfol - - - - - - - - - . - - - -

: feedir (Roth) J V. Lamour - - - - - - - - _ - - a - _ -
ellata (Turner| J.Agardh - - - - - - - - - - 2 u03 - -
iSuringar) Harnot - - - - - - = - E = . - - - -
Hyp m hypoglossoides (Stackh | Collins & Herv. 1 002 18 076 " - - - - - - - - - -
Halopteris scoparia (1) Sauv - - - - - - = - = = - - - -
Gracilaria bursa-pastoris (S G.Gmelin) P.C Silva - - - - = - = - - 1 001 - -
Gymnogonnrus patens J Agardh - - - - 1 0.0 - - - - - 6 009
Lomer orcadensis | Harv | Collins ex W .R. Taylor - - - - = - - = - . 1 001 - =
Meredit lla (J Agardh} J. Agardh. = - - - - - - - - B - - - =
Naccaria wigeai (Turner) Endl - - - - - - - - - - =, - - - =,
Peyssonelia coriaces Feldmann - - - - - - = = - - - = - - - =
Saccorhiiza polyschides (Lightf.) Batters - - - - - - - - - = 8 0.63 - - 3 012
Spirulina sp. - 5 010 - - 3 0.04 - % - = - - - .
Jania rubens (L) 3V . Lamour - - - - - - - - - - 6 1.09 - - - -
roccocus coronopifolius Stackh. - - = - - - = - - = = - - 1 0.01
'.’r-wur') lacimatum (Lightf y Maggs & Hommersand - - 20 050" - - . . - = = - -

009 1 0.01 20 353"

0.16 - 15 029"
4 6 000 - -
4

]
|
|
|
|
|

Gigartin

7
P@;cm alia sp. - - - - - - - - - - - - - - 2 018
::‘; sp - - - - - - - - - 4 006 - - - -

160 re. “'rvrnm.»!Tllrw ) J —\qmdn - - - = - - - - - - = = - - - -
Hlymenia |, P.Crouan & H.Crouan ex Kiitz. - - - - - - - - - - - - - - - -
Pleanospe cuosum (C Agardhi Bornet - - - - ~ - - - - - 1 0.01 - - - -

TOTAL 31 050 114 3.18 332 91 285 149 348 100 328 154 680 90 402 154
Species richness 13 18 27 27 30 30 42 35
Asparagopsis armata Harv. = Falkenbergia rufolanosa (Harv) F.Schmitz (tetrasporophytic phase); "Schizymenia dubyi (Chauv. ex Duby) 1 Agardh = Haematocelis

rubens J Agardh (tetrasporophytic phase); ' Cryptopleura ramosa (Huds.) Kyhn ex Newton = Acrosorium reptans (P.Crouan & H.Crouan| Kyhin; “Derbesia tenuissima
De Not | P.Crouan & H Crouan = Halicytis parvula Schmidt ex Murray (gametophytic phase




162 Mar Ecol Prog Ser 130: 157-167, 1996

o2 oV} L4
4 n L
R4 ° .
H= °
<€ . °©
[ J . )
. .o
o O ee 0
09 ®
1y e o .
LN | e ® )
le ' e [
v 10 g1 ! o ©
° . Cne
yov v oy O 95
R = &0
e OO O g v n
* *e -
* v
v. w»* e =
> L] éx e X
a e H X
© 3 m = ‘XX
rv A 4 X, " ;( x
*
A A Lx " X
‘v' N VOOo A o _ R
S A i A i D2« * g B Xxx
LAY AT AL A .| ¥y
. aT AAA 4 g * m
0. . “‘AAA o a * %
°© o%-“./\ Blg _.:'*.n o
o & & o=
o _*. "
o ol =
= .
[ AXIs
-0.7 +0.8
Site Symbol Site Symbol
1984 1992
Muskiz O Muskiz [ ]
Ciervana \vj Ciervana \4
Termica o Termica *
Arigunaga Amigunaga
Galea Ao Galea A
Meflakoz (3 Mefiakoz u
Mamilando % Matxilando X

Fig. 2. Ordination plot for the first 2 axes of principal compo-
nent analysis (PCA) of the quadrat data

In 1984, Group 2 (Fig. 4) combined the quadrats from
Sites 3 (Termica), 2 (Ciervana) and 5 {Galea). Corre-
sponding to the quadrats of each site were 3 subgroups
(2A, 2B, 2C) and, along with these, a small group of
shallow-depth quadrats in Sites 2 and 3 (2D). The
3 subgroups represented a degraded and homoge-
neous flora which supported heavy silt levels (Table 3).
They were characterised by moderate cover and a
strongly developed crustose layer of Mesophyllum
lichenoides and Zanardinia prototypus with a poorly
developed understory layer. The shallow-depth quad-
rats of Sites 2 and 3 were characterised by a poor crus-
tose layer, from which Z. prototypus was absent. The
group had an understory layer mainly composed of
speciles with simple morphology such as Callithamnion
neglectum, Ceramium diaphanum, Anotrichium fur-
cellatum, Antithamnionella spirographidis, Pterotham-
nion plumula and Compsothamnion thuyoides. Spe-
cies with complex morphology were basically
represented by Rhodymenia coespitosella, which was
abundant in rocky juts. This type of vegetation lacks

canopy. In the 1992 dendrogram (Fig. 5), Subgroups
2A and 2B were fused in Subgroup 2A'B', Subgroup
2C was maintained (2C') and for the conjunction of
the shallow-depth quadrats from Sites 2 and 3 (2D),
a new group was formed (2D'). The most notable
changes were the significant increase in the crus-
tose layer at the Site 5 (from 70 to 145%) and the
significant decrease in species such as Rhodymenia
coespitosella and other ceramiaceous algae (C.
diaphanum, A. spirographidis, P. plumula) at the
3 sites. The appearance of the new group (2D') is
explained by the practical absence of a crustose
layer in shallow-depth quadrats and by prolifera-
tion of new species such as Codium adhaerens,
Codium decorticatum and Spirulina sp. instead of
the ceramiaceous algae. Absence of the crustose
layer was basically due to substrate occupation by
the bivalve Mytilus edulis.

In 1984, Group 3 (Fig. 4) gathered all quadrats
from Sites 6 (Menakoz) and 7 (Matxilando). A sub-
group (3A and 3B, respectively) corresponded
to each site. The flora was degraded and more
heterogeneous than that in Group 2, having heavy
sand and moderate silt levels (Table 3). Cover was
moderate with well-developed crustose (Meso-
phyllum lichenoides and Zanardinia prototypus)
and understory (Pterosiphonia complanata, Rho-
dymenia coespitosella, Falkenbergia rufolanosa,

Chondria coerulescens, Callophyllis laciniata,
a2
w Mu92
=
<
] 2
A9 Mu84
4
1 -
Ci%2
0 CiBAf
Te84
¢ Me92 Ma92
/ :
Ga92 Ma84
Te92
Gag4 - Me84
'1 T T T T T T T
2 -1 0 1 2
Axis 1

Fig. 3. Plot of the site group average scores for the first and

second PCA axes. Arrows show displacement from 1984 to

1992. Mu: Site 1, Ci: Site 2, Te: Site 3, Ar: Site 4, Ga: Site 5,
Me: Site 6 and Ma: Site 7
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Fig. 4. Cluster analysis of all quadrats for 1984 using chord distance as resemblance coefficient and average linkage (UPGMA)
as clustering method. This presentation shows 4 groups (1 to 4) which represent 4 levels of degradation in the vegetation

Ceramium diaphanum, Drachiella minuta, Nitophyl-
lum punctatum) layers. P. complanata was the domi-
nant species in the understory layer (36 % cover). This
type of vegetation lacks a canopy. In the 1992 dendro-
gram (Fig. 5), the same group was maintained (3'),
although with a greater degree of homogeneity due to
the fusion of the 2 subgroups. The most notable
changes were the increase in cover (from moderate
to high) due to the appearance of a dense canopy of
the annual species Codium decorticatum at Site 6
(partially developing at Site 7) and the increase of the
crustose and understory layers at Site 7. Understory
layer species such as P complanata, D. minuta,
C. laciniata and Plocamium cartilagineum showed
significant increases in cover to the detriment of other
species (C. diaphanum, Antithamnionella spirogra-
phidis, R. coespitosella, C. coerulescens, Cladostephus
spongiosus and N. punctatum). Gelidium sesqui-
pedale, a perennial species which formed a canopy at

the reference site, appeared for the first time at Site 7
in 1992.

In 1984, Group 1 (Fig. 4) was composed of the
quadrats from Site 1 (reference site). This was the
only group whose vegetation did not alter. There
were 2 subgroups (1A and 1B) corresponding to the
communities of Gelidium sesquipedale and Pterosi-
phonia complanata, which supported slight and mod-
erate sand levels, respectively (Table 3). Both had
a well-developed crustose layer of Mesophyllum
lichenoides (the cover of Zanardinia prototypus was
very thin). The poor understory layer of the G.
sesquipedale community was basically formed by
Pterosiphonia complanata, Rhodymenia pseudopal-
mata and Cryptopleura ramosa. G. sesquipedale
formed a dense canopy, over which Plocamium carti-
lagineum constituted a poor epiphytic layer. The
understory layer of the Pterosiphonia complanata
community became highly developed and was basi-



164

Mar Ecol Prog Ser 130: 157-167, 1996

2D

1A'

3'

Sites 6 and 7

[ sier [

2!

2A'B'

i

[ sites 2and3 J[ Site' s ][Sites2and3][ Site 4 ]

il

Fig. 5. Cluster analysis of all quadrats for 1992. Dendrogram displays 6 groups (1A', 1B', 3, 2', 2D" and 4'} which correspond to 4
levels of degradation just as in 1984

cally made up of P. complanata, Falkenbergia rufo-
lanosa, Desmarestia ligulata, Calliblepharis ciliata,
Cryptopleura ramosa, Pterosiphonia pennata, Halopi-
tys incurvus, Heterosiphonia plumosa and Plocamium
cartilagineum. In the 1992 dendrogram (Fig. 5), a
separation of this group into 2 groups (1A' and 1B’)
can be observed. Thus the community of P. compla-
nata became combined with Group 3'. The most no-
table changes were the increase in cover (from high
to very high) in the community of G. sesquipedale due
to the appearance of an upper canopy of the annual
species Saccorhiza polyschides and the increase of
crustose and understory layers of the P. complanata
community.

DISCUSSION

The circular disposition of the quadrats detected in
the PCA correspond to a sequence of sites according to
a gradient of decreasing pollution from Sites 4 to 1

(Figs. 2 & 3). The discontinuity observed between
Sites 4 and 2 and between Sites 1 and 7 is due to the
absence of a gradual transition of the flora. The dis-
placement of the quadrats recorded from 1984 to 1992
in the direction of the reference site (Fig. 3) represents
an improvement of the sites. The slight displacements
of Sites 2 (Ciervana) and 4 {(Arrigunaga) in the opposite
direction occurred for different reasons. Site 2 under-
went a regression as the result of the negative in-
fluence of construction in the enlarging of Port of
Ciervana. This construction increased the levels of
sedimentation and turbidity in the water column. The
regression of Site 4 was of a more mathematical
nature, being due to the unequal number of quadrats
computed for both years (5 and 23 samples with flora
for 1984 and 1992, respectively).

From the classification analysis, 4 community struc-
tural levels in the area studied can be distinguished for
both years. These reflect 4 different degrees of pollu-
tion, which are delineated here in decreasing order
(Table 3}.
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Table 3. Vertical layering cover (%), percentage cover (%) of morphologically simple species, species richness (species number)
and sedimentation estimates (see ‘Methods’) for the different degradation levels and sites (values are averages for each quadrat).
G.S.: Gelidium sesquipedale community; P.C.. Pterosiphonia complanata community

Study site: Site 4 Site 2 Site 3
Degradation level: Level 1 Level 2
1984 1992

Crustose layer cover 0.1 02 60 44 76 67
Understory layer cover 0.4 3.1 44 29 29 26
Canopy cover - - - - - -
Epiphytic layer cover - - - - -
Total cover 0.5 33 104 73 105 93
Percentage cover of 96 83 78 83 87 80
morphologically
simple species

Species richness
Sedimentation level 4

1.03 46 54 52 10 8.8
3.53 3.59 3.29 3.26

1984 1992 1984 1992 1984 1992 1984 1992 1984 1992 1984 1992 1984 1992

Site 5 Site 6 Site 7

- Level 3-

Site 1
Level 4

G.S. P.C.

70 145 59 39 44 75 56 60 29 53
21 4 41 37 46 63 9 355 56 86

- - - 78 - 19 68 92.5 - -
- - _ - - _ _ 4 - -
91 149 100 154 90 157 133 192 85 139
76 66 38 73 18 42 1.2 17 149 4.4

10 8.1 11 10 20 12 11 9 19 11
262 297 371 291 356241 044 1.2 241 196

Level 1: Extremely low species richness and algal
cover, absence of stratification (including the crustose
layer) and opportunistic nature of species. Smothering
of the rocky bottom by sediments and extreme turbid-
ity of the water cause the practical disappearance of
the flora while favouring faunal development, e.g. spe-
cies such as Actinothoe sphyrodeta and Phoronis hip-
pocrepia. Proliferation of invertebrates in polluted en-
vironments has recently been noted by various authors
(Littler & Murray 1975, Klavestad 1978, Munda 1980,
Brown et al. 1990). In these environments the only
species that can survive are those resistant to high
sedimentation, such as Pterosiphonia pennata, scia-
philous algae, such as Hypoglossum hypoglossoides
and Erythroglossum laciniatum, and those with simple
morphology (fundamentally ceramiaceous algae). Site
4 belongs to Level 1 (dendrogram Groups 4 and 4'), in-
dicating chronic, direct impact of the polluted plume.
The slight increase detected in species number and
their cover between years is an indication of slight re-
cuperation; however, it is still insufficient for the site to
resemble Level 2.

Level 2: Moderate algal cover, a strongly developed
crustose layer, a poor understory layer with a high per-
centage of opportunistic species and absence of canopy.
The high water turbidity and the partial smothering of
the bottom by sediments coming from the polluted
plume give rise to a very poor flora. The strong develop-
ment of the crustose species Mesophyllum lichenoides
and Zanardinia prototypusis encouraged by the absence
of a canopy, a weak development of the understory layer,
scarce illumination and its resistance to sedimentation.
Both species are sciaphilous (Boudouresque 1985,
Afonso-Carrillo et al. 1992). Sites 2, 3 and 5 (Groups 2
and 2' of the dendrograms) belong to this level as they
are frequently affected by the polluted plume and are

therefore subjected to heavy pollution. The significant
increase in crustose layer cover and the decrease in algal
cover of simple morphology between 1984 and 1992 at
Site 5 were favourable changes. Also, the noteworthy
decrease in ceramiaceous algae cover, partially substi-
tuted by Codium adhaerens, Codium decorticatum,
Cladophora pellucida and Corallina officinalis, was a
sign of improvement at Site 3. According to our obser-
vations of the lower littoral zone, C. officinalis is the sub-
stitution stage for ceramiaceous algae when there is an
improvement in water quality. Site 2 underwent a no-
table setback in reduction of crustose and understory
layers due to construction activitities in the enlargement
of Port of Ciervana.

Level 3: Moderate-high algal cover, moderate devel-
opment of crustose and understory layers, moderate
percentage of opportunistic species and absence of
canopy (or presence of an annual canopy). The under-
story layer develops fully to the detriment of the crus-
tose species. Site improvement is confirmed by an
increase in species of complex morphology in the
understory layer (to the detriment of the ceramiaceous
algae), along with development of an annual canopy of
Codium decorticatum and the appearance of fronds of
Gelidium sesquipedale. However, the absence of other
species from the understory layer of non-polluted envi-
ronments (i.e. Level 4) and the absence of a perennial
canopy indicate a state of degradation. Sites 6 and 7
(Groups 3 and 3’ of the dendrograms) belong to Level 3
because they are often affected by the polluted plume,
a situation which is due to the dynamics of the coastal
currents. Also, both sites suffer the negative effects of
various local effluents from small urban centres.

Level 4: Very high algal cover, moderately devel-
oped crustose layer, poor understory layer (when there
is no canopy this last is fully developed) and a low per-



166 Mar Ecol Prog Ser 130: 157-167, 1996

centage of opportunistic species. Generally there is a
canopy equipped with an epiphytic layer. Gelidium
sesquipedale is an example of a mature, stable com-
munity which efficiently uses its space through its
complex vertical layering. In this case, the dominance
of the canopy is favoured over the other layers. As sed-
imentation progresses with depth and in the depres-
sions, Pterosiphonia complanata, a more competitive
species in these environments, replaces G. sesqui-
pedale. In this case, the vegetation presents a simpler
stratification and no canopy or epiphytic layer, thus
favouring the development of an understory layer. Due
to their abundance, the following species are also
indicative of Level 4: Calliblepharis ciliata, Heterosi-
phonia plumosa, Dictyopteris polypodioides, Halopitys
incurvus and Halurus equisetifolius. Site 1, the refer-
ence site not affected by the polluted plume, belongs to
this level (Groups 1 and 1’ of the dendrograms). Most
of the species mentioned for Site 1 are rare or absent
at the rest of the sites. The flora remained fairly sta-
ble between the 2 years although there were some
significant increases and decreases in cover of various
species (Table 2). Sacchorhiza polyschides was the
most noteworthy case. This species undergoes annual
advances and setbacks all along the Basque coast
due to temperature changes (Borja & Gorostiaga
1990). However, significant changes in abundance of
species such as Pterosiphonia complanata, Mesophyl-
lum lichenoides and Cryptopleura ramosa are largely
explained by the decrease in sandy sources.

All of these changes basically took place between
1988 and 1992, when there was a major decrease in the
amount of contaminants being dumped into the waters.

In summary, decrease in pollution leads to a
decrease in sedimentation, turbidity and toxicity of the
water, factors which negatively affect algal develop-
ment (Grigg & Kiwala 1970, Hagmeier 1971, Rai et al.
1981). In these unstable environments the community
responds by simplifying its structure: reducing the
number of layers (Belsher 1974, Littler & Murray 1975,
Cormaci et al. 1985, Brown et al. 1990), reducing veg-
etal cover (Belsher 1974, Murray & Littler 1977, Cor-
maci & Furnari 1991), and allowing a proliferation of
opportunistic species with simple morphology (Murray
& Littler 1978, Lundalv et al. 1986), especially ceramia-
ceous algae (Belsher & Boudouresque 1976, Balles-
teros & Pérez-Vallmitjana 1984, Lundélv et al. 1986).
There is also proliferation of sciaphilous (Cormaci et al.
1992) and sedimentation-resistant species. The crus-
tose layer, made up of species having these character-
istics, shows strong development in polluted environ-
ments (Cormaci & Furnari 1991). Several authors have
demonstrated a reduction of species richness in pol-
luted environments (Borowitzka 1972, May 1985, Mur-
ray & Littler 1977); this was also the case in the most

degraded sites of the study area. However, in the sites
not affected by severe pollution the number of species
found is the same as the number in clean environ-
ments. Thus the previously described parameters are
necessary to evaluate the deterioration level of the
environment.

Finally, we can confirm that the transect technique
was very adequate for monitoring as the changes
produced were well reflected. However, the occa-
sional difficulties in re-locating the transects (with
the same orientation, bathymetrics and type of sub-
strate) along with the contagious pattern of spatial
distribution of several species (those with strong veg-
etative growth) indicate that the use of fixed quadrats
is ideal when carrying out maximun accuracy moni-
toring.
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