
MARINE ECOLOGY PROGRESS SERIES 
Mar. Ecol. Prog. Ser. 

Published December 30 

Do toxic algal blooms affect subtidal soft-bottom 
communities? 

Frode Olsgard 

Section of Marine Zoology and Marine Chemistry. Department of Biology, University of Oslo, PO Box 1064. N-0316 Oslo, Norway 

ABSTRACT: An extensive bloom of the toxic flagellate Chrysochromuha polylepjs occurred over 
much of the Skagerrak and Kattegat area during May-June 1988 with severe effects on biota in 
shallow marine habitats. Results reported here are from annual grab-sampling of subtidal soft-bottom 
communities off the southwest coast of Norway during the period 1986 to 1991 at depths between 
69 and 184 m, and describe changes In fauna associated with the toxic algal bloom. In the 3 years prior 
to the bloom the fauna at each station was persistent and only modest year-to-year changes in the 
number of species, abundance and species composition were observed. Samples collected 1 yr after the 
bloom event revealed a significant reduction in both number of species and individuals. The most 
obvious changes were found at sites situated in accumulation areas characterised by fine sediments 
indicating a possible connection between the quantity of sinking toxic material and the degree of 
faunal perturbation. A DCA ordination demonstrated a clear switch in faunal composition in the study 
area subsequent to the bloom, and a tendency of the fauna to return to the pre-bloom communities 2 yr 
after the bloom event. Principal species affected were moderately abundant oligochaetes, polychaetes, 
crustaceans, molluscs and sipunculids. Allocation of each species into the categories 'gaining' and 
'losing' according to annual changes in abundance gave a good description of the community distur- 
bance probably induced by the toxic alga. Other possible causes for the observed faunal perturbation 
may be changes in water temperature, food input, predation interference and changes in sediment 
composition, but none of these were found to give reliable, alternative explanations for the substantial 
changes observed in the soft-bottom communities subsequent to the toxic bloom. 
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INTRODUCTION 

A massive bloom of the toxin-producing Prym- 
nesiophycean flagellate Chrysochromulina polylepis 
Manton et Parke occurred in the Skagerrak and Kat- 
tegat in May-June 1988 (Dahl et al. 1989, Dundas et 
al. 1989, Lindahl & Dahl 1990). The bloom finally 
covered an area of about 75000 km2 and was pos- 
sibly the most spectacular toxic algal bloom hitherto 
recorded (Graneli et al. 1993). The distribution and 
maximum concentrations of cells found in the surface 
waters (0 to 20 m) is shown in Fig. 1. Observed 
maximum concentrations in the pycnocline were 
80 to 100 X 106 cells 1-' (Underdal et al. 1989, 
Nielsen et al. 1990), but lethal concentrations in 
shallow water occurred at a lower threshold of 5 to 

10 X 106 cells 1-' (Lindahl & Rosenberg 1989, Under- 
dal et al. 1989). The bloom was accompanied by 
extensive mortalities of various organisms at depths 
between 0 and 30 m on the Norwegian and Swedish 
coasts of the Skagerrak and the Kattegat (Berge et 
al. 1988, Gjers~ter 1988, Lindahl & Rosenberg 1989). 
Ecological impact of such an extent following an 
algal bloom has not been previously reported else- 
where (Pedersen et al. 1992). 

On the Norwegian coast the bloon~ resulted in 
massive damage to farmed fish, littoral wild fish, inver- 
tebrate animals and attached algae on rocky bottoms 
(Berge et al. 1988). In the water column the pycnocline 
was devoid of heterotrophic flagellates, ciliates and 
copepods, which re-invaded above the pycnocline after 
the bloom (Dahl et al. 1989, Nielsen et al. 1990). Labo- 
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rowing sea urchins (Berge et al. 1988). 
However, after the bloom the number of 
species and individuals were strongly 
reduced at some localities (Oug & Rygg 
unpubl.). These changes occurred some- 
what later than the impact in the littoral 
(Oug & Rygg unpubl.). 

One problem in the examination of 
possible impact of the toxic bloom on 
soft-bottom communities was a lack of 
long-term data from established monitor- 
ing stations. The data presented in this 
study are from control sites for annualmon- 
itoring of a mine tailings disposal site in the 
Jsssingfjord area in southwestern Norway 
(Olsgard & Hasle 1993). High concentra- 
tions of Chrysochromulina polylepis (35 to 
45 X 106 cells 1-l; Berge et al. 1988) were 
observed close to the investigated area. 

The effect of a toxic planktonic alga on 
bottom communities requires transport of 
the toxic alga and particles containing 
the toxin to the bottom. If toxic material 
reaches the sea floor, the greatest pro- 
portion is likely to sediment out in accu- 
mulating bottoms and not in erosional 
bottoms. Hence depth and sediment 
characteristics of each station are impor- 
tant variables in an evaluation of a possi- 
ble impact of this toxic alga. 

Qualitative and quantitative changes 

6" 8" 1 0" 12" were found in the soft-bottom commu- 
nities in the Jplssingfjord area after the 

Fiq. 1 Distribution and maximum concentrations of Chrysochromuhna bloom. The aim of this paper is to de- 
p ~ y l e p i s  (106 cells l-') in surface waters (0 to 20 m) in the Kattegat and scribe these temporal asso- 
Skagerrak area in May-June 1988. Adapted from Berge et al. (1988). Arrow ciated with the toxic algal bloom. 

Indicates grab-sampl~ng area 

ratory experiments have shown toxic effects of Chryso- 
chromulina polylepis on eggs and larvae of the ascid- 
ian Ciona intestinalis (Granmo et al. 1988), blue mussel 
Mytilus edulis (Granmo et al. 1988, Nielsen & Stram- 
gren 1991) and on the nauplii of the crustacean 
Artemia salina (Edvardsen & Paasche 1992). The toxin 
seems to be similar to prymnesin, the toxin produced 
by Prymnesium, In its haemolytic and cytotoxic 
characteristics resulting from interaction with cell 
membranes (Shilo 1981, Underdal et al. 1989, Yaso- 
moto et al. 1990). 

During the bloom little damage was reported to soft- 
bottom communities (Berge et al. 1988). The few ob- 
servations on soft-bottom macrofauna for depths down 
to 75 m were observations of recently dead poly- 
chaetes and molluscs (Pedersen et al. 1989a, E. Oug & 
B. Rygg unpubl.) and partial loss of spines from bur- 

MATERIALS AND METHODS 

Sampling. Samples were collected annually in 
March-April at 6 to 10 sites (Fig. 2) from 1986 to 1991 
giving 3 yr before and 3 yr after the bloom event. In 
1986 and 1991 data are available from 6 stations 
whereas all 10 stations were sampled each year from 
1987 to 1990. The sampling sites were mainly located 
along deep channels or in typical sedimentation areas 
at depths between 69 and 184 m. Triplicate 0.1 m* van 
Veen grab samples were taken at each station during 
the winter or early spring to avoid unstable communi- 
ties and periods of heavy larval settlement. The grab- 
samples were sieved on 5 mm and 1 mm mesh screens 
with round holes The sieve residues were fixed in 4 % 
buffered formaldehyde, stained with Rose Bengal, 
sorted and later preserved in 70 % ethanol. Animals 
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Fig. 2. Location of the 10 sampling sites 

were identified to species level or, where this proved 
difficult, to genus, family or higher taxonomic levels. 
Sediment samples for analysis of grain size distribution 
and organic matter were collected with a 63 mm dia- 
meter gravity corer at  each station each year, except at 
the most shallow, sandy station which was sampled 
using a 0.1 m2 van Veen grab. 

Sediment analysis. Organic content of the sediments 
was determined as weight loss on ignition (450 "C, 24 h) 
and grain size distribution by sieving (> 0.063 mm) and 
cyclosizer (< 0.063 mm). The particle sizes were classi- 
fied into phi-units (phi = -log2 of the particle diameter) 
and the central tendency measured as median phi-size 
(Krumbein & Pettijohn 1938). 

The sites were grouped according to their environ- 
mental characteristics (depth and sediment variables) 
using Principal Component Analysis (PCA) on loglo 
(depth) or arcsin (percentage organic matter, silt-clay 
and fines) transformed values. A loga transformation is 
already employed in the calculation of median particle 
size; therefore no further transformation was required 
for this parameter. 

Fauna1 analysis. A total of 383 species were identified 
from 1986 to 1991. No species reduction was applied to 
the fauna data matrix prior to multivariate analysis. 
Fauna samples from Stn 59, the most shallow station 
with coarse sediments, were so markedly different from 
others that they were not included in the multivariate 
analysis. Removal of such 'outliers' is recommended to 

avoid severe interference in the site groupings of the re- 
maining stations (e.g. Gauch 1982, Jongman et al. 1987). 

Relationships between community structure and the 
environmental variables depth, organic content of 
sediment, silt-clay (particles ~ 0 . 0 6 3  mm), fine (par- 
ticles < 0.010 mm) and median particle size were deter- 
mined by correlating the obtained ordination axes in 
a DCA (Detrended Correspondence Analysis; Hill & 
Gauch 1980) fauna ordination with the environmental 
variables resulting in a biplot, using the programme 
CANOCO (Ter Braak 1988). 

Diversity of each site was measured using the 
Shannon-Wiener diversity H' (Shannon & Weaver 
1963) to a log2 base and Margalef diversity d (Margalef 
1958), while evenness was calculated using Pielou's 
index of evenness (Pielou 1966). 

The significance of changes in number of species 
and abundance at  each station during the period 1986 
to 1991 was tested with a l-way ANOVA (Sokal 
& Rohlf 1981) with replication (n = 3) on loglo trans- 
formed data. Homogeneity of variances were exam- 
ined with Bartlett's test (Sokal & Rohlf 1981). 
Differences of means were examined with a Least- 
Significant-Difference (LSD) test (Sokal & Rohlf 1981). 

The significance of decrease of number of species and 
abundance from 1988 to 1989 and increase from 1989 to 
1990 was tested with a binominal test (Siege1 1956). 

In order to examine if the observed reduction in 
number of species and individuals from 1987/88 to 
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1989 could be related to characteristics of the bottom 
sediments, linear regression coefficients were calcu- 
lated between the reduction in number of species and 
individuals and the PCA coordinates of Axis 1, which 
represented most (> 99 %) of the sediment information. 
The potential of a given sediment to receive and accu- 
mulate possible toxic algal material from the euphotic 
zone should largely be expressed in the measured 
sediment characteristics, and one would expect the 
fauna in areas with fine bottom sediments to be most 
exposed to settling toxic material. 

The species data matrix was subjected to a double 
square-root transformation before computation of the 
Bray-Curtis similarity coefficient (Bray & Curtis 1957) 
between sites. This transformation was applied in 
order to reduce the effect of dominant species on the 
Bray-Curtis coefficient (Field et al. 1982). The similar- 
ity-matrix was then subjected to a hierarchical, 
agglomerative classification employing group-average 
linking (Lance & Williams 1967). The significance of 
faunistic differences between site groupings was 
determined using the ANOSIM randomization test 
(Clarke & Green 1988). To examine yearly gross 
changes in fauna within the entire sampling area a 
summary matrix of all sites for each individual year 
was extracted from the double square-root species 
matrix and subjected to DCA ordination. 

Between 1988 and 1989 a reduction in number of 
species andindividuals was observed at most stations re- 
sulting in a change in faunal similarity within each sta- 
tion. Species having the greatest contribution to this 
change were determined using the similarity percent- 
ages programme SIMPER (Warwick et al. 1990). From 
the SIMPER analysis the 30 principal species at each sta- 
tion were Listed. For most species (> 80 %) the high rank- 
ing in the SIMPER analysis was a result of a reduction in 
abundance from 1987/88 to 1989. In other words top- 
ranked species in the SIMPER analysis showing a reduc- 
tion in abundance were the central species for the ob- 
served changes in faunal similarity in the survey area 
from 1988 to 1989. From the lists of 30 principal species 
those showing a reduction in abundance at all sites from 
1987/88 to 1989 were extracted. Those central species 
were further classified into functional groups according 
to feeding categories and reproduction. The feeding cat- 
egories chosen were deposit-feeders, surface deposit- 
feeders, suspension-feeders, carnivorous and omni- 
vorous. Reproductive categories were planktotrophic 
species which have larvae with long pelagic lives that 
depend on food from plankton, and lecithotrophic 
species which have larvae with short pelagic stages that 
depend primarily on the yolk. The classification into 
functional groups was based on Sanders (1960), Hart- 
mann-Schroder (1971), Pearson (1971), Fauchald & 
Jumars (1979) and Josefson (1981,1986,1987). 

The individual sl)c.cies populations at each station 
were divided In to  ( 1 1  ( I L I ~ ) ~  defined by the nature of their 
annual populdtlo~~ c h~lnges. These were: 'gaining' 
species which exhibit d gain from one year to the next, 
'losing' species which show loss between individual 
years and finally 'neutral' species with no change from 
one year to the next. If the year-to-year variation is 
random one expects an equal number of gaining and 
losing species in a community. The null hypothesis 
would be the proportion of gaining and losing species 
being equal. If a community is exposed to stress one 
expects that more species would decrease in abun- 
dance than increase, which implies a decrease in gain- 
ing and increase in losing species, as a response to the 
stressor. The significance of changes in percentage of 
number of species in each group between years for all 
stations was tested wlth a l-way ANOVA on arcsin- 
transformed data. For each group 95% confidence 
intervals based on mean square values were calcu- 
lated. Wilcoxon matched-pairs signed-ranks test (Siege1 
1956) was used to.test the significance and magnitude 
of change between years within each station. The 
resulting z-statistics indicate the magnitude and the 
direction of change. A positive z-value indicates an 
increase in gaining species while a negative z-value 
indicates an increase in losing species. 

RESULTS 

The PCA ordination of the sediment data is shown in 
Fig. 3. Except for Stn 59, the most shallow station, only 

Fig. 3.  PCA ordination of the stations according to depth and 
sedunent characteristics 
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Table 1. Depth and sediment characteristics at the sampling sites in the period 1986-1991 (Mean + S D )  

Site Depth Organic Silt-clay Fines Median particle- 
(m) matter (%) (% < 63 pm) (% < 10 pm) size (+-scale) 

5 1 171.2 f 1.0 5.4 f 0.6 75.2 f 2.9 59.7 f 7.3 7.2 * 0.1 
52 137.0 f 2.4 2.3 f 0.3 35.4 f 2.7 19.0f  1.3 3,2 f 0.1 
53 116.8 f 0.8 1.9 ? 0.4 28.3 k 3.3 16.0 f 3.0 3.0 f 0.6 
54 123.0 f 1.6 2.0 f 0.1 29.4 f 2.7 17.2 _+ 1.6 3.2 f 0.1 
55 108.3 f 0.5 2.3 f 0.4 32.1 f 3.0 28.4 ? 1.7 3.1 +. 0.1 
57 182.3 f 2.6 3.6 f 0.6 52 7 f 1.0 39.2 + 1.2 3.8 + 0.3 
58 170.0 f 1.8 2.3 f 0.4 20 6 f 2.9 16.0 f 2.1 2.9 * 0.1 
5 9 70.7 f 1.6 1.4 f 0.6 4.9 f 3.9 2.4 f 0.6 0.6 f 1.3 
60 171.5 f 1.3 2.2 f 0.2 2 9 3 f  3.1 26.1 f 3.2 2 . 9 f  0.1 
6 1 162.2 f 0.5 2.8 f 0.4 33.4 & 3.5 22.7 f 2.3 3.0 + 0.1 

minor year-to-year changes were found in sediment all differences in sediment characteristics between 
characteristics within each station. The input data in stations are explained along this axis. The first axis 
the PCA-ordination was therefore based on mean thus represents a gradient of sediment type. Stn 51 has 
values (Table 1) for each separate station. Along this fine sediments high in organic matter, while Stn 59 has 
first ordination axis 99.6 % of the total variation within coarse sediments low in organic matter. The remaining 
the data-set was explained, which indicates that almost stations have characteristics between these 2 stations. 
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Fig. 4. Biplot of the DCA fauna ordination and the environmental variables. Station numbers are given with an extension 
indicating year of sampling (e.g. 51-3 is Stn 51 in 1983) 
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Assuming that the observed coarseness-fineness grad- 
ent reflects an erosion-sedunentation gradient, the ben- 
thic communities in the sedunentation areas a priorithere- 
fore are expected to be more exposed to sinlung toxic 
material than communities occupying eroding sedirnents. 

A DCA ordination of the fauna was run separately 
followed by a correlation between the obtained fauna 
ordination with the environmental variables resulting in 
a biplot (Fig. 4). The eigenvalues of Axes 1 and 2 in the 
ordination were 0.16 and 0.11, respectively. In the biplot 
the environmental variables are displayed as arrows 
pointing in the direction of maximum correlation of each 
variable, giving a qualitative indication of the correla- 
tion between the fauna at each station and the en- 
vironmental variables. A t-test of pairwise correlation 
between the ordination axes and the environmental 
variables showed that both depth, proportion of silt-clay, 

proportion of fine and median particle size were sig- 
nificantly related (p < 0.05) to the 2 ordination axes. The 
stations to the right of the dashed line (Fig. 4 )  are more 
or less correlated with increasing depth, high percent- 
age of organic matter, proportion of silt-clay and fine 
particles in the sediments as well as high values of 
median particle size which also indicate fine sediments. 
The sedirnents at these stations possess properties char- 
acteristic of accumulation bottoms. The stations to the 
left of the dashed line were negatively correlated with 
increasing depth and fine sediments, and have proper- 
ties less characteristic of sedimentation areas. The plot 
gives clear indications of a connection between the bot- 
tom sediments and the benthic communities in the area. 

The change in number of species and individuals in 
1989, compared to the preceding years, was obvious at 
several stations (Fig. 5). At Stns 51, 52 & 60 there was a 
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Fig. 5. Variations in number of species (left) and individuals (right) per 0.1 m' (t SEM) at the sampling sites. Significance levels 
from a l -way ANOVA comparing number of species or individuals between April 1988 (pre-bloom) and April 1989 (subsequent 

to the bloom) are ~ndicated by astensks: 'p < 0.05; "p 0.01; "'p 0.001; no asterisk p > 0.05 (not sign~f~cant) 
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Table 2. Mean percentage of change ( R ?  SEM) in number of species and individuals for all sites (n = 10) respectively 1 and 2 yr 
after the toxic bloom. Proportion of stations with a decrease (d) from 1988 to 1989 and a subsequent increase (i) from 1989 to 1990 

and level of significance is also given (binominal-test) 

I year Species Individuals 1 
I R Proportion Level of sig. X Proportion Level of sig. I 

( ns: not significant I 
significant reduction in both number of species and 
abundance in 1989 compared to the 2 preceding years. 
At Stn 54 there was a significant reduction in abun- 
dance while at Stns 57 & 61 there was a significant 
reduction in number of species. At the remaining sta- 
tions there was a decline in either number of species, 
abundance or both after the bloom, although these 
were not significant. 

The percentage reduction in number of species and 
abundance from 1988 to 1989 is given in Table 2. A 
decrease in the number of species was observed at  9 
out of 10 stations (p < 0.05) with a mean reduction of 
18.5%, while the decrease in number of individuals 

involved all 10 stations (p < 0.01) with a mean reduction 
of 28.0%. From 1989 to 1990 an increase in both num- 
ber of species and abundance was observed. The mean 
increase in number of species and abundance in this 
period was 9.4 % and 14.6 %, respectively (Table 2) .  

Shannon-Wiener's diversity and Pielou's evenness at 
each station from 1986 to 1991 are given in Table 3. 
Only at Stn 51 was there a clear change in diversity 
and evenness although many stations displayed an  
apparent reduction in number of species or individuals 
or both from 1988 to 1989. For example, at Stn 60 from 
1988 to 1989, the number of species was reduced from 
123 to 100 and abundance from 1550 to 940 individuals 

Table 3. Margalef's diversity (d),  Shannon-Wiener's diversity (H') and Pielou's evenness (J') per 0.3 mZ from 1986 to 1991 

Stn Year d H' J' 

51 1986 8.1 3.51 0.59 
1987 8.7 3.89 0.64 
1988 9.9 4.40 0.71 
1989 7.6 2.91 0.51 
1990 8.9 4.40 0.73 
1991 10.2 4.57 0.73 

52 1986 11.3 4.46 0.70 
1988 12.2 4.67 0.72 
1989 10.0 4.53 0.75 
1990 11.6 4.69 0.73 

53 1987 14.5 4.97 0.73 
1988 13.4 4.81 0.72 
1989 14.0 4.96 0.74 
1990 14.1 4.76 0.71 
1991 14.9 4.90 0.72 

54 1986 11.8 4.84 0.73 
1987 12.5 4.40 0.68 
1988 13.7 4.47 0.67 
1989 11.7 4.77 0.76 
1990 12.8 4.80 0.74 

55 1986 11.5 4.82 0.75 
1987 13.6 4.66 0.69 
1988 15.0 4.91 0.72 
1989 15.9 4.94 0.72 
1990 14.4 4.79 0.72 
1991 12.8 5.11 0.79 

Stn Year d H' J' 

57 1987 11.6 3.51 0.54 
1988 13.1 4.06 0.61 
1989 9.1 3.55 0.58 
1990 11.2 3.43 0.53 

58 1986 14.0 5.14 0.77 
1987 13.5 4.86 0.73 
1988 15.0 4.57 0.67 
1989 14.4 4.80 0.72 
1990 15.3 4.80 0.70 
1991 14.4 5.16 0.77 

59 1986 17.2 5.32 0.78 
1987 16.2 5.54 0.83 
1988 17.3 5.63 0.81 
1989 12.9 5.18 0.81 
1990 16.4 5.46 0.81 
1991 13.7 5.18 0.80 

60 1987 13.6 5.19 0.78 
1988 16.6 5.41 0.78 
1989 14.5 5.41 0.81 
1990 13.3 5.26 0.81 

61 1987 11.8 4.63 0.71 
1988 14.0 4.63 0.69 
1989 10.7 4.14 0.65 
1990 11.2 4.44 0.70 
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while the Shannon-Wiener diversity index 
remained unaltered at H' = 5.41. Further- 
more, at Stn 54 diversity even increased from 
H' = 4.47 to H' = 4.77 when the number of 
species was reduced from 103 to 80 and 
abundance from 1667 to 844 individuals. 
Diversity indices therefore were not suitable 
for measuring the observed ecosystem per- 
turbation. 

The reduction in number of species and 
abundance from 1987/88 to 1989 were corre- 
lated against the coordinates of PCA Axis 1, 
which represented almost all the sediment 
variation. No significant correlation (r = 0.026, 
n = 10, p = 0.467) was found between sediment 
type and reduction in number of species, while 
the observed reduction in abundance was sig- 
nificantly correlated (r = 0.697, n = 10, p = 
0.025) to these sediment parameters (Fig. 6). 
This indicates that the most distinct reduction 
in abundance was found at stations situated in 
accumulation areas. 

Classification of the species matrix for the period 
1986 to 1991 resulted in 3 main site groups (Fig. 7) .  An 
ANOSIM-test clearly indicated that the obtained site 
groupings (a, b and c) were significantly different 
(p c 0.05). Site group a consisted of Stns 51, 52, 54, 57 & 
61, site group b of Stns 53, 55 & 58 while site group c 
consisted of the single Stn 60. The resulting dendro- 
gram shows that each station was more or less grouped 

I I I 

0.2  0 . 4  

PCA axis 1 

Fig. 6. Regression plot of relationship between reduction in number of 
individuals (A) of the sampling sites from 1987/88 to 1989 and the 
coordinates of the PCA Axis 1 representing depth and sediment 
variables. Solid line: estimated regression line; dashed lines: 95% 

confidence limlts 

together during the 6 yr of monitoring, whereas clearer 
changes were found within the different stations. The 
most apparent within-station changes took place in 
site group a from 1988 to 1989. In this site group all sta- 
tions showed a switch within the dendrogram between 
these 2 years. The stations in site group a represent 
sedimentation areas. Less changes were observed at 
stations within fauna site group b (Stns 53, 55, 58 & 59) 
which all have less fine sediments and are more repre- 
sentative of erosion areas. 

The DCA ordination plot of the total fauna in the 
study area from 1987 to 1990 is shown in Fig. 8. The 

Fig. 7. Classification of the stations from 1986 to 1991. Station numbers are given with an extension indicating year of sampling 
(e.g. 51-3 is Stn 51 in 1983) 
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resulting eigenvalues of Axes 1 and 2 in the DCA ordi- 
nation were 0.42 and 0.25, respectively. In the study 
area a change in faunal composition has clearly taken 
place after the Chrysochromulina polylepis bloom in 
1988. The ordination plot illustrates a maximum faunal 
dissimilarity in 1989 compared to the years prior to the 
bloom (1987 and 1988), and that the fauna in 1990 has 
a tendency to become more similar to the pre-bloom 
communities. 

The 30 principal species in the SIMPER-analysis 
were listed for each separate station. Table 4 is an 
extract of these results and lists those species, among 
the 30 principal ones, which were recorded in reduced 
abundance from 1987/88 to 1989 at all 10 stations. 
Species from all the main phyla, except Echinoder- 
mata, are represented. Reduced abundance is found 
for species within all trophic levels, with lecithotrophic 
or planktotrophic larvae, with dissimilar breeding 
periods and with different life-spans. The species in 
Table 4 account for 23.5 to 85.2 % (mean value 52.8 %) 
of the total reduction in abundance recorded between 
1987/88 and 1989. 

Table 5 lists species disappearing completely from at 
least 30% of the stations from 1988-89. For compari- 

Fig. 8. DCA ordination of total fauna in the study area from 
1987 to 1990 

son, similar data for 1987-88 and for 1989-90 are also 
given. Clearly a higher number of species disappeared 
after the bloom compared to the year before and 2 yr 
after. The number of species disappearing 2 yr after 
the bloom event was also higher than the pre-bloom 

Table 4. Principal species from the SIMPER analysis with reduced abundance at all 10 stations from 1987/88 to 1989 Mean abun-  
dance (X  per 0.3 m2) and mean % reduction from 1987/88 to 1989 and trophic level ( C  = carnivore, SDF = surface deposit-feeder, 
DF = deposit-feeder, SF = suspension-feeder), type of larva (Le = lec~thotrophic development, P1 = planktotrophic development), 

breeding penod and llfe-span are indicated 

Fauna element X per 0 3 m2 X per 0.3 m2 Reduction Trophic Larva Breeding Life span 
1987/88 1989 ("/.l level period (y r )  

Oligochaeta 
Ohgochaeta spp. 89 1 58.3 34 5 D F Le - 

Polychaeta 
Glycera capita ta 18.5 10.6 42.7 C/SDF P1 - > 5 
A ugeneria tentaculata 10.8 7.2 33.3 C Le - 
Prionospio cirrifera 25.6 19.1 25.5 SDF P1 Jul- Aug < 2 
Diplocirrus glaucus 5.7 3.7 35.0 DF Le May-Aug > 1 
P a r a m p h o m e  jeffreysii 41.2 26.1 36.7 C P1 Jan-Feb 2 
Melinna cristata 51.4 25.3 50.8 SDF Le Dec-Jan - 

Proclea graffi 33.4 6.8 79.6 SDF Le - 
Terebellides stroemi 3.9 0.6 84.8 SDF Le May-Oct 
Chone duneri 7.5 4.5 40.0 SF - - 
Sa bellidae spp. 51.8 23.4 54.8 SF - - - 

Crustacea 
Tanaidacea spp. 22.4 5.3 76.3 SDF - - - 

Eudorella emarginata 4.5 1.8 59.5 SDF Le - - 

Molluscs 
Yoldiella lucida 3.3 0.2 93.9 DF Le - - 

Yoldiella frigida 4.8 3.0 36.8 DF Le - - 

Thyasira spp. 54.8 20.9 61.8 D F Le - 2-3 
Abra nitida 12.0 6.7 44.1 SDF P1 Sep-Oct 2-7 

Sipunculida 
Golfingia spp. 29.1 16.6 43.0 D F Le - 

-: no data 



Mar. Ecol. Prog. Ser. 102: 269-286, 1993 

Table 5. Summary of species disappering completely from > 3 0 %  of the stations in the periods 1987-88, 1988-1989 and 1989-90 
(respectively 1 yr before, and 1 and 2 yr after the bloom). Trophic level of each species are also indicated (C  = carnivore, 

SDF = surface deposit-feeder, DF = deposit-feeder, SF = suspension-feeder, 0 = omnivore, H = herbivore) 

Cnidaria 
Anthozoa spp 

Polychaeta 
Goniada rnaculata (C) 
Nepthys paradoxa (C) 
Rhodine spp. (DF) 
Sosane sulcata (SDF) 
Ampharete finmarchica (SDF) 
Amaeana trilobata (SDF) 

Mollusca 1 Nucula delphmodonta (DF) 
Modiolus phaseolinus (SF) 

Echinodermata 
Brissopsis lyrifera (DF) 

Polychaeta 
Aphroditidae spp. juv. (C)  
Eteone spp. (C)  
Anaitides spp. juv. (C) 
Syllidia armata (C)  
Syhdes longocirrata (C] 
Sphaerosyll~s hystrix (C) 
Nephtydae spp. juv. (C) 
Onuphis conchylega (C) 
Pseudopolydora paucibranchiata (SDF) 
Spiophanes spp. juv. (SDF) 
Scolelepis squamata (SDF) 
Scalibregma inflatum (DF) 
Ophelina acuminata (DF) 
Euclymene praetermissa (DF) 
Mynochele spp. (DF) 
Pectinaria auncoma (SDF) 
Ampharete finmarchica (SDF) 
Sosane sulcata (SDF) 
Samvtha sexcirrata ISDF) . , 

Eupolymnia nesidensis (SDF) 
Terebellides stroemi lSDF) 
Chone infundibLMorhis (SF) 
Euchone spp. (SF) 

Crustacea 
Asterope norvegica (2) 
Leucon nasica (SDF) 

~clollusca 
Entahna quinquangular~s (DF) 
Philine scabra (C) 
Natica alderi (C) 
Nucula tumidula (DF) 
Yoldjella lucida (DF) 

Sipunculida 
Phascolion strombi (DF) 

Phoronida 
Phoronis muelleri (SF) 

Echinoderma ta 
Amphiura chiajei (0) 
Amphiura spp. juv. (0) 
Ophiura sarsj (C) 
Ophiura spp. juv. (C) 

Polychaeta 
Phyllodocidae sp. 1 (C)  
Glycera alba (C)  
GoniadeUa bobretzkii (C)  
Nephtys cihata (C) 
Synelmis klatti (C)  
Scalibregma inflatum (DF) 
Pectinaria koreni (SDF) 
Sa bellides octocirrata (SDF) 
Ampharete finmarchica (SDF) 
Amaeana trilobata (SDF) 

Crustacea 
Eudorella truncatula (SDF) 
Tmetonyx cicada (?) 
Calocans macandrae (C) 

Mollusca 
Nucula sulcata (SDF) 
YoldieUa frigida (DF) 
Cerastoderma minimum (SF) 

Ech~nodermata 
Echinocardium flavescens (DF/H) 

numbers. This could be the result of a continuous effect 
of Chrysochromulina polylepis and indicates that an 
equilibrium is still not reached. 

The species in Table 5 were all characterised by a 
low number of individuals and must be considered as 
rare species in the study area. In benthic surveys most 
attention is traditionally given to the numerically dom- 
inant species while rare species are usually considered 

of minor interest. The main reason for this is that rare 
species contribute little to the total abundance and bio- 
mass and are considered as mere random members of 
the communities. From 2 to 3 times more rare species 
vanished after the bloom event (1988-89) compared to 
the year before (1987-88) and the year after (1989-go), 
which indicates that investigation of rare species may 
probably be of interest in studies of changes in benthic 
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Table 6.  Rank~ng of the 10 most numerous specles in the 
survey area each year 

Species 1987 1988 1989 1990 

Heteromastus filiformis 1 1 1 1 
Exogone hebes 2 2 2 2 
Oligochaeta 3 3 3 3 
Exogone verugera 4 4 5 9 
Nemertini 5 7 4 4 
Thyasira spp. 6 8 7 
Paramphinome jeffreysii 7 10 
Melinna cristata 8 6 
Sabellidae spp. 9 5 
Eclysippe vanelli 10 9 7 6 
Spiophanes kroyeri 10 9 8 
Caullenella spp. 6 
Aricidea spp. 10 
Tharyx spp. 8 5 

communities. All trophic levels seem to be affected, 
and many juveniles disappeared in 1989 (Table 5). A 
similar disappearance of juveniles was not observed 
before and 2 yr after the bloom which may indicate a 
disturbance in recruitment in 1989. 

Ranking of the 10 most abundant species in the sur- 
vey area from 1987-90 gave a total hst of 14 species 
(Table 6). The 2 polychaetes Heteromastus fjl~formis 
and Exogone hebes and Oligochaeta were the most 
numerous taxa during these 4 yr; however, thelr indi- 
vidual rank remained unaffected by the bloom. The 
next 2 taxa, the polychaete Exogone verugera and the 
group Nemertini, exhibit some adjustments In abun- 
dance over time, but the first taxa to show apparent 
changes in rank order were the bivalve Thyaslra spp. 
and the polychaetes Paramphinome le f freys l~,  Sabelll- 
dae spp, and MeLinna cristata. In the period 1988-1989 
these 4 taxa were not represented among the top 
ranked species (Table 6) and their absence was the 
most obvious change. In the SIMPER analysis (Table 4) 
these 4 species were also identified as key species 
responsible for the observed change in fauna1 slrnllar- 
ity within the study area from 1988 to 1989. 

The z-statistics for each individual station each year 
are given in Fig. 9. Between 1988 and 1989 a signlficant 
reduction in the z-value was found at all sites except 
Stns 53 & 55. The most obvious, negative changes 
were found at stations situated in accumulation areas 
illustrated by an apparent reduction in the z-value. The 
negative z-value found at all stations between 1988 and 
1989 illustrate that the majority of the species showed a 
reduction in abundance In this period. 

From 1986 to 1987 and 1987 to 1988 the proportion of 
gaining and losing species was almost the same, but 
from 1988 to 1989 a significant increase in losing 
species and a significant decrease in gaining specles 
was observed (Fig. 10). The following year an opposite 

Stn 51 Stn 52 

Stn 53 Stn 54 

Stn 55 Stn 57 

Stn 58 Stn 59 

.4 l 
n :; 

Stn 60 Stn 61 

Fig 9. The z-statistics from M~ilcoxon matched-pairs signed- 
ranks tests of significance of changes in the number of 
gaining and losing species at each station The number of 
observahons are the total number species at each station 
between years (1986-87. 1987-88 etc) .  The hght-shaded 
area indicate a s~gnificant positive change (significant in- 
crease of gaining species, z > + 1 96, p < 0.05) while the dark- 
shaded area ~ n d ~ c a t e  a signlficant negat~ve change (signlfi- 
cant increase of losing species, z < -1 96, p < 0 051 The 
non-shaded area between the z-values i 1 96 represent the 

area of non-significant change (p  > 0 05) 

pattern was apparent with a high proportion of gaining 
species and fewer losing species until the system again 
stabilised wlth an almost simllar proportion of species 
In each group in 1990-91. The curves for gaining and 
loslng are, as expected, nearly inversely related. The 
proporbon of neutral species was low during the entire 
perlod and displayed no significant changes. 
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Fig. 11. Recordings of tem- 
perature from the 2nd quarter 
each year from 1975 to 1992 at 
150 m depth outside Lista 
(58"Ol' N; 6' 32' E). Solid line 
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mum temperatures, which are an irnpor- 
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tant reason for fluctuations in benthic 
YEARS fauna (Buchanan et al. 1978). There was 

Fig. 10. Proportion of gaining, losing and neutral species between years to an in temperature 
the total number of species. For each of the 3 categories the 95% confidence between 1978 and 1980 and between 
intervals, calculated from the mean square values based on a l-way 1987 and 1988, when the temperature was 

ANOVA, is given about 2'C below the mean temperature of 
6.0°C. Buchanan et al. (1978) pointed out 

DISCUSSION that in warmer years following a period of cold winters 
there was a replacement in the top ranking of some 

Possible causes for the observed changes in fauna larger species by small species of polychaetes, accom- 
panied by a rise in total number of individuals present. 

A simultaneous reduction in both number of species Similar trends were observed by Pearson et al. (1986) 
and abundance within the study area indicate that the in their study in Loch Linnhe and Loch Eil, and they 
area was affected by a common factor of disturbance. suggested that clunatic fluctuations acted on the 
Comparable reductions in number of species and abun- spawning success and subsequent recruitment of 
dance of soft-bottom fauna were also reported by Oug particular species. Souprayen et al. (1991) further 
& Rygg (unpubl.) from an area about 120 km south- suggested that during cool periods, a developing mis- 
east of Jsssingfjord. This indicates that the changes match between peak zooplankton and phytoplankton 
occurred over large areas. The bloom of the toxic alga productivity may increase the supply of carbon to the 
Chrysochromulina polylepis was the only known dis- benthos with a decrease in number of species and an 
turbance of importance in the study period. At the increase in abundance and biomass as a result. From 

gaining 
- - - - -  losing 

neutral 

F 3 z. -. -.-I -.-. -.X 

I I I I I 

Research, Bergen, Norway 

same time other possible factors responsi- 
ble for the observed fauna1 perturbation 
cannot be excluded. The main extrinsic 
factors of importance for subtidal 'benthic 
fauna are probably water temperature and 
food input (Buchanan & Moore 1986a, b, 

- Pearson et al. 1986, Grebmeier et al. 
1989). Changes in the benthic comrnu- 

- nities could also be a result of predation- 
- interference, changes in sediment compo- 

sition or sediment re-working. 
- 

The water temperatures at 150 m depth 
- between 1975 and 1992 from the 2nd 

quarter each year at Lista, about 35 km - 
southeast of Jsssingfjord, are shown in 
Fig. 11. The data represent yearly rnini- 
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the Jerssingfjord area neither a replacement of the top 
ranked species by smaller polychaetes nor an increase 
in abundance, such as observed In the studies above, 
were detected. This suggests that the temperature 
anomaly recorded in the Jsssingfjord area from 1987 to 
1988 is not an explanation of the observed changes in 
fauna from 1988 to 1989. 

Several studies from the North Sea and Skagerrak 
have suggested a trend in the last 5 to 10 yr of increas- 
ing phytoplankton production and sedimentation of 
organic material to the bottom (Buchanan & Moore 
1986a, b, Josefson 1990, Austen et al. 1991, Colebrook 
1992, Josefson & Jensen 1992) resulting in a general 
increase of benthic abundance and biomass. In the 
Jerssingfjord area a reduced faunal abundance was 
found from 1988 to 1989 which could not be a response 
to a possible increase of organic material to the area. 

Reduction in abundance of species may also result 
from increased predation. Main predators are often 
taken to be carnivorous benthic invertebrates (Peter- 
son 1979) and various species of fish (Le Mao 1986). 
In the Jsssingfjord area none of the larger preda- 
tory macrofauna like nemertean worms and the poly- 
chaetes Glycera spp., Goniada spp. and Lumbrineris 
spp. showed an increase in abundance. In fact, re- 
duced abundances were found for most carnivorous 
species between 1988 and 1989. 

Fish have been caught as part of a monitoring pro- 
gramme with a beam trawl in the same area as 
the benthic grab samples (Miljaplan A/S, Sandvika, 
Norway, unpubl.). Common fish species in the area, 
which are known to feed on soft-bottom fauna, are cod 
Gadus morhua, haddock Melanogrammus aeglefinus, 
plaice Pleuronectes platessa, witch Glyptocephalus 
cynoglossus, long rough dab Hippoglossus plates- 
soides, lemon sole Microstomus kitt and four-bearded 
rockling Rhinonemus cimbrius. The beam trawl 
catches indicated that no changes in number of fish 
species or their individual abundances have taken 
place in the study area in the last 10 yr. Fluctuations in 
fish predation are therefore not likely to be a possible 
explanation for the observed changes in the benthic 
communities from 1988 to 1989. 

Sampling of sediments revealed no apparent 
changes in the sediment parameters during the study 
period. Likewise no increase, but rather a decrease, in 
abundance of deposit-feeders in the study area was 
noticed from 1988 to 1989, which rules out explana- 
tions related to the trophic-group amensalism hypo- 
thesis (Rhoads & Young 1970). 

Deoxygenation has been suggested as one of the 
main reasons for kills of fish and benthic invertebrates 
following blooms of Gyrodinium aureoleum (Tangen 
1977, Boalch 1984). However, the Jerssingfjord area 
is an  open and exposed part of the coastline, and it 

is unlikely that water ever becomes deoxygenated. 
Quarterly oxygen measurements a few meters above 
the sea bottom in a deep and comparatively sheltered 
part of the study area (Dyngadypet, 160 m depth; see 
Fig. 2), in the years 1978 to 1984, always gave values 
higher than 4.5 mg O2 1-l (Miljerplan A/S, unpubl.). The 
total algal biomass contribution from Chrysochro- 
mulina polylepis was very small due to the small size 
of the algae. Lindahl (19911, in his study of the 
C. polylepis bloom in the Gullmarsfjord on the west 
coast of Sweden, showed that the alga contributed only 
about 10 % of the total annual primary production. 

None of the factors mentioned above are plausible 
explanations for the observed reductions in number of 
species and abundance between 1988 and 1989. In the 
same period the study area was exposed to a com- 
prehensive toxic bloom, and it is natural to see the 
faunal perturbation in connection with the bloom of 
Chrysochromulina polylepis. 

Possible mechanisms of impact from 
Chrysochromulina polylepis 

The impact of a toxic planktonic alga on benthos 
below the euphotic zone obviously requires sedi- 
mentation of the toxic alga or particles containing the 
toxin to the bottom. Several studies indicate that 
sinking particles, once they have left the surface layer, 
reach the seabed comparatively rapidly (Graf et al. 
1983, Rice et al. 1986, Kiprrboe et al. 1990). In the 
Gullmarsfjord Lindahl (1991) found that most of the 
Chrysochromulina polylepis population sedimented 
within 72 h. The algal material caught in the sediment 
traps during this period was aggregated (Lindahl & 
Rosenberg 1989). 

Several species of diatoms, especially older and 
nutrient-depleted populations, are well known to 
become sticky by mucus secretion and form aggre- 
gates (Kranck & Milligan 1988, Alldredge & Gotschalk 
1989, Kisrboe et al. 1990). Aggregation increases the 
size and density and hence the sinking rate of the 
phytoplankton cells considerably (Smetacek 1985, 
Nicolaisen & Christensen 1986). It is unknown whether 
similar mechanisms exist for Chrysochromulina poly- 
lepjs, but the high density of algal cells observed 
during the bloom makes it likely that aggregates were 
formed during sedimentation of the algae, and thus 
enabled a more rapid sedimentation. The observed 
mass sedimentation (Lindahl 1991) and aggregation 
(Lindahl & Rosenberg 1989) of C, polylepis indicate 
that these mechanisms were operative. 

Another possible pathway for algal biomass to reach 
the bottom is through sedimentation of fecal pellets 
from herbivorous zooplankton. If the algae were 
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consumed by zooplankton, remains of algal material 
would probably reach the bottom fast due to high 
sinking rates of fecal pellets, up to over 200 m d-'  
(Smayda 1969, Turner 1977). 

GranCli et al. (1993) observed that during much of 
the time the Chrysochromulina polylepis bloom was 
virtually monospecific, and that the few other plank- 
tonic algae and zooplankton present were in poor 
condition. It was also demonstrated that depths with 
high concentrations of the toxic algae were almost free 
from ciliates and copepods, the potential predators for 
C. polylepis (Dahl et al. 1989, Nielsen et al. 1990). 

In temperate coastal waters, copepods only consume 
a small fraction of the spring bloom primary production 
(Falkowski et al. 1988, Smith & Lane 1988, Nielsen 
& Richardson 1989), and at the peak of the Chryso- 
chromulina polylepis bloom it is unlikely that copepods 
could efficiently exploit the increased algal biomass. 
During the bloom it also appears that potential grazers 
avoided waters rich in toxic phytoplankton, and it 
is therefore possible that a main part of the toxic 
algal cells sedimented ungrazed to the sea floor. The 
toxicity of C. polylepis was shown to last for 4 to 5 wk 
and could be transferred to other organisms (Pedersen 
et al. 1992, Oug & Rygg unpubl.). Increased zooplank- 
ton mortality and increased sedimentation of dead zoo- 
plankton following ingestion of the toxic algae there- 
fore may be a possible pathway for transportation of 
toxic material to the benthic fauna. 

In the soft bottom communities species from all 
trophic levels were reduced after the toxic bloom. 
Experiments have shown a rapid response of benthic 
animals to sedimentation during phytoplankton 
blooms and an increase in benthic metabolism at 6 to 
7 cm depth in sediments within 1 d after sedimentation 
(Graf 1987). Several species of polychaetes (e.g. Hetero- 
mastus spp., Capitella spp., Terebellides stroemi and 
Tnchobranchus glacialis) are often observed with algal 
fragments in their guts (Fauchald & Jumars 19?9), sug- 
gesting that phytoplankton reaching the bottom can 
probably be utilised directly indicating that a rapid 
transfer of toxins, even to deposit-feeders, is possible. 

However, in the Jsssingfjord area many species in 
the soft-bottom communities remained unaffected. 
Studies from shallow waters after the Chrysochro- 
mulina polylepis bloom also showed distinct effects on 
some species while closely related species were un- 
affected. Among bivalves, mortality was high, e.g. in 
the horse mussel Modiolus modiolus and saddle oyster 
(Family Anomiidae), whereas the common mussel 
Mytilus edulis and the edible oyster Ostrea edulis 
appeared to be resistant (Berge et al. 1988, Underdal et 
al. 1989, Pedersen et al. 1992). Selective mortality of 
littoral fauna was also reported by Southgate et al. 
(1984) from SW Ireland following a bloom of the 

toxic dinoflagellate Gyrodinium aureolum. In soft 
sediments toxic effects and mass mortalities of lug- 
worm populations Arenicola marina in South Wales, 
also related to a bloom of G. aureolum, were described 
by Olive & Cadnam (1990). They also found that other 
species from the same trophic level as the lugworm 
remained unaffected. 

Insufficient information is available on diet and 
digestive physiology of most soft-bottom species. One 
possible explanation for differences in toxic effects 
between species is that most species are highly selec- 
tive in their choice of diet and that only some of the 
food available was toxic. It is also known that items 
selected for ingestion can be processed in different 
ways by the different species (Jumars et al. 1984), 
which means that only a few species ingesting the 
same kind of particles may experience toxic effects. 

Subsequent to the bloom, no opportunistic species 
increased in abundance. The sieves used in the study 
had a 1 mm mesh size, and underestimation of recruit- 
ment of opportunists therefore is possible. If a time lag 
of 0.5 to 1 yr is allowed for sieve recruitment, which 
according to studies of Buchanan & Warwick (1974), 
Buchanan et al. (1986) and Josefson (1986) should be 
sufficient for most of the current species, fauna- 
samples from 1990, which is almost 2 yr after the bloom 
event, should contain any dominant opportunistic 
species, if present. No increase, but rather a decrease 
of the initially abundant opportunistic species (e.g. 
Heteromastus filiformis and Spiophanes kroyer~] was 
detected in the samples from 1989 and 1990. 

In 1989 a deficiency of juveniles was observed in the 
Jsssingfjord area compared to the years before and 
after the bloom. In a study about 120 km southeast 
of Jsssingfjord, disturbance in recruitment was sug- 
gested as a possible reason for lack of faunal recovery 
subsequent to the bloom (Pedersen et al. 1989b). 
Laboratory experiments have shown toxic effects of 
Chrysochromulina polylepis on eggs and larvae of 
benthic macrofauna (Granmo et al. 1988, Nielsen & 

Strsmgren 1991) and nauplii of crustaceans (Edvard- 
sen & Paasche 1992). Eggs and larvae of a large 
number of bottom fauna species are found in the 
euphotic zone for shorter or longer periods and nega- 
tive effects due to high density populations of the toxic 
algae in this zone therefore are possible. In water 
samples collected during the bloom, free toxins were 
also found in the water masses (Yasomoto et al. 1990). 

Changes in faunal composition following the algal 
bloom 

Disturbance in benthic communities normally in- 
duces changes in number of species and individuals 
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which most often results in a change in diversity (Gray 
1979, Rapport et al. 1985). A typical community 
response to stress, after a possible short period of 
stimulation, is a reduction in number of species, an 
increase in total abundance due to an increase of 
opportunistic species and a corresponding reduction in 
diversity (Pearson & Rosenberg 1978). After the 
Chrysochromulina polylepis bloom a simultaneous 
reduction in both number of species and abundance 
occurred, and diversity indices, with few exceptions, 
showed no changes from 1988 to 1989 (Table 3). Also 
Pielou's evenness index remained high or even 
increased following the bloom event. Application of 
diversity indices therefore was not very suitable for 
measuring the perturbation caused by C. polylepis. 
Rosenberg (1976) pointed out that diversity, when used 
alone, was useless as a measure of environmental 
impact. Changes in species richness is often a simpler 
and better parameter in assessing disturbance in 
benthic communities. 

In a study of benthic faunal response to copper, lead 
and zinc pollution in several recipients in Norway, Rygg 
(1986) described a similar situation with a reduction in 
both number of species and abundance and showed no 
dominance of opportunistic species at sites close to in- 
dustrial outlets. It is possible that this drop in both num- 
ber of species and individuals when exposed to 
Chrysochromulina polylepis or heavy metals is a typical 
community response for exposure to toxic agents. This 
may indicate that the classical response model of a ben- 
thic community exposed to pollution with a reduction in 
number of species and an increase in abundance of op- 
portunistic species, originally described from studies of 
organic pollution, is not appropriate when benthic fauna 
is exposed to toxic substances. 

Altogether 18 taxa were isolated as the most affected 
faunal elements in the Jsssingfjord area following the 
bloom (Table 4). The polychaetes Diplocirrus glaucus 
and Prionospio spp. and the bivalves Thyasira spp. and 
Abra nitida were also indicated by Oug & Rygg 
(unpubl.) as some of the most affected after the bloom 
event. Their stations were in shallower areas with a 
mean depth of 47 m, compared to the stations in the 
Jsssingfjord area with a mean depth of 141 m. Differ- 
ences in depth results in different benthic communities 
and sedimentation conditions and thus there are few 
common species affected in the 2 study areas. 

Allocation of species to the categories 'gaining' and 
'losing' due to changes in abundance from year- 
to-year gave a good description of the perturbation 
following the bloom (Fig. 10). The method is simple 
and objective and also permits statistical testing for 
evaluating changes. No subjective selection of species 
is performed because all species, sites and years are 
taken into consideration. 

Selye (1973) suggested a model of the response of 
an individual organism to stress-producing factors, 
stressors, known as the General Adaptation Syndrome 
or biologic stress syndrome. The model for a single 
application of a stressor, in contrast to a continuous 
application of a stressor, is shown in Fig. 12 which is a 
simplification of the model given in Selye (1973) and 
Rapport et al. (1985). A single application of a stressor 
(vertical arrow) may lead to a measurable response 
within the organism, the alarm reaction (A), followed 
by compensation to the stressor, the stage of resis- 
tance (B), and finally return to normal level of activity 
(Fig. 12). 

The diagram resulting from separation into gaining 
and losing species (Fig. 10) of the soft-bottom commu- 
nities in the J~ssingfjord area clearly resembles 
Selye's model for the response of an  organism to a 
single application of a stressor. From 1988 to 1989 a 
significant drop in the proportion of gaining species 
and a significant increase of losing species was ob- 
served. This reflects a considerable mortality within 
the populations in the period following the toxic 
bloom, comparable to the alarm reaction (A) in Selye's 
model (Fig. 12). From 1989 to 1990 the reverse trend 
was observed with a significant increase of gaining 
species and a significant drop in losing species. After 
this stage of resistance (B), following the terminology 
of Selye, the communities finally in 1990 to 1991 
returned to the expected distribution between gaining 
and losing species when there was no community 
perturbation. This method for separation into 'Gain- 
ing' and 'Losing' species (GL-method), according to 
changes in number of individuals within species 
following exposure to stress, can be a possible extra- 
polation of Selye's stress model to the community 
level. Gray (1989) has suggested that Selye's model is 
not appropriate for describing effects at  the commu- 
nity level, but using the GL-method proposed above 
may permit application of the model even at this level. 

Time 

Fig. 12. Simplification of Selye's General Adaption Syndrome 
model for a single application of a stressor (vertical arrow) to 

an organism. A: alarm reaction; B- stage of resistance 
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Separation into the categories of gaining, losing and 
neutral species was also applied by Buchanan et al. 
(1978) in their study of benthic communities off 
Northumberland, but they took only numerically dom- 
inant species and examined trends not from year-to- 
year but cumulatively over a period of 5 years. Oug & 

Rygg (unpubl.), in their investigation of effects of 
ChrysochromuLina polylepis on soft bottom communi- 
ties, also found that most species decreased in abun- 
dance, which is in accordance with the first phase of 
community perturbation described from the Jsss- 
ingfjord area. 

Concluding remarks 

The study of soft-bottom communities in the Jsss- 
ingfjord area suggests effects of Chrysochromulina 
polylepis down to a depth of 180 m. Observations 
directly relating the fauna1 changes and toxic algae are 
laclung and only few other comparable data sets, 
although indicating toxic effects, are available. Only 
through experiments, probably in mesocosms, one 
may establish plausible connections between sedi- 
mentation of the alga and adverse effects on soft- 
bottom communities. 
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