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A 30 sample unit soft-bottom monitoring station was compared to corresponding 5 
sample unit stations in the Aland archipelago in the northern Baltic Sea. The samples 
of macrozoobenthos were taken with an Ekman-Birge bottom-sampler (0.03 m2). The 
dynamics of the species populations were tested by analysis of variance during a 
period from 1972-1975 at the five-unit stations. Most of the differences in the mean 
densities were not verified. Estimation of a minimum sample size was made for the 
species at the 30 unit station. The spatial distribution of Macoma balthica makes it a 
species that is easy to sample. lts estimated minimum number of samples units 
needed for recording a 50 % change in population desity is nine. The other species 
require a !arger number of sample units. The results show the low level of precision 
when measuring gradual changes of the benthic assemblages using a sample size of 
five units on soft.bottom macrofauna. 

Zusammenfassung 
Die Struktur benthischer Gemeinschaften bei den Älandinseln (Nördliche Ostsee) aus 
der Sicht unterschiedlicher Probenumfänge 
Eine 30-Proben-Einheit einer Kontrollstation mit Weichboden wurde mit 5-Proben
Einheiten entsprechender Stationen bei den Alandinseln in der nördlichen Ostsee 

wurde mittels Varianzananalyse für die 5-Proben-Stationen über den Zeitraum von 
1972 bis 1975 untersucht. Die Unterschiede der Werte für die mittlere Dichte I ießen sich 
meistens nicht statistisch absichern. Für die Arten der Kontrollstation (30-Proben
Einheit) wurde der kleinste erforderliche Probenaufwand ermittelt. Aufgrund. ihrer 
räumlichen Verteilung ist Macoma ba/thica eine leicht zu fangende Art. Zur Feststel
lung einer Änderung der Populationsdichte um 50 % erscheinen mindestens neun 
Proben erforderlich. Die anderen Arten erfordern einen größeren Probenumfang. Die 
Ergebnisse demonstrieren den niedrigen Genauigkeitsgrad, wenn allmähliche Ände
rungen von Weichboden-Makrofaunagemeinschaften anhand von 5-Proben-Einheiten 
erfaßt werden. 

lntroduction 
Since 1972, six soft-bottom macrozoobenthos stations have been investigated for 
monitoring purposes in the Aland archipelago (HELMINEN, 1975). The investigation is 
part of the yearly program of the Husö Biological Station. The sampling and sorting has 
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been made as a routine by the staff of the biological station. The sample size has been 
five sample units at each station and at every sampling occasion. 

In 1976 a new monitoring station was started and investigated to give the spatial 
distribution of some of the most common species. The sample size was 30 sample 
units. Another aim was to estimate the minimum number of units requested for 
recording dynamical changes of the populations of the numerical dominants. 

All the investigated monitoring stations are situated in the Aland archipelago between 
60°01 'N to 60°28'N and 19°25'E to 20°27'E (Fig. 1 ). This work deals with the stations 1 
(Vardö), 2 (Lumparn) and B (Bergö), the last one being the 30 sample unit station. 
These three stations are surrounded by rather large water areas and the depth at all 
stations is 20 m. The temperature of the bottom water varied du ring 1972-75 between 
1° C in Winter to 18° C in Summer and the salinity has been 5.9 - 6.8 °/oo. 
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Figure 1 

The monitoring stations in the archipelago of Aland. This investigation deals with the stations 1, 
2, and B, the last one being the station that was sampled with 30 sample units. 
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Material and methods 

The sample units were taken with an Ekman-Birge bottomsampler having an area of 
0.03 m2

• The number of sample units at the stations 1 and 2 was five and the mesh size
of the used sieve was 1 mm2

• From 1972 to 1975 totally eight samples have been taken 
at each of these stations. The material of the 30 sample unit station (B) was s_ieved 
through a 0.6 x 0.6 mm screen according to the recommendations on investigations of 
macrofauna in in land waters given by the National Board of Waters. The B-station is a 
25 x 25 m square and the sample units were taken on six lines with 5 units on each. 
The two other stations have been sampled by the units at one point. 

A one-v11ay lay-out of the analysis of variance (anova) was used to test for differences in 
the mean densities of the few dominant species. The original values of density (x) were 
also transformed (log/x + 1 /) for the anova, but both data gave almost the same results. 

The sample size needed to record a 50 % change of the actual population densities at a 
probability level of 0.05 was calculated according to the following formula: 

n = (C/er)2 x (tdt ;o.os + tdt ;(1_0_95))
2 (HALO, 1967) 

n = the estimated sample size (number of units) 
C = 100s/x, where s = standard deviation, and x = sample mean 
er = the minimum difference in % to be recorded 
tdt t-value at df degrees of freedom 
The probability of the estimation is put to 0.95. 

The species found at these three localities are shown in Table 1. 

Table 1 

List of benthic species at three monitoring stations in the ß.. land archipelago. The order 
of the species are the same in Fig. 2 - 5. 

STATION 1 (Vß..RDÖ): 

Macoma balthica (L.) 
Pontoporeia affinis Lindstr. 
Chironominae larvae 
Halicryptus spinulosus Sieb. 
Oligochaeta 
Mytilus edu/is L. 
Mya arenaria L. 
Harmothoe sarsi (Malmgr.) 
Hydrobia spp. 
Mesidothea entomon (L.) 
Chironomus plumosus-group 

Nematoda 
Nereis diversicolor Mull. 

STATION 2 (LUMPARN): 

Macoma balthica (L.) 
Halicryptus spinulosus Sieb. 
Mya arenaria L. 
Chironominae 
Cardium sp. 
Pontoporeia affinis Lindstr. 
Potamopyrgus jenkinsi Smith 
Hydrobia spp. 
Myti/us edulis L. 
Mesidothea entomon (L.) 
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STATION B (BERGÖ): 

Macoma balthica (L.) 
Tubifex costatus Clap. 
Potamopyrgus jenkinsi Smith 
Ostracoda , 

Chironomus plumosus-group 

Eui/yodrilus hammoniensis (Mich.) 
Tanypodinae 
Pontoporeia affinis Lindstr. 

Results 
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Pe/osco/ex heterochaetus (Mich.) 
Chironominae II 
Chironomiae I 
Limnodri/us hoffmeisteri Clap. 
Mesidothea entomon (L.) 
Palpomyia sp. 

At the Vfüdö station (1) the number of different species at each sampling occasion has 
bean between 4 and 7 (Fig. 2). The total number du ring the period 1972-75 has been 13. 
The bivalve Macoma balthica and the amphipod Pontoporeia affinis only have been 
found in every sample. 

The densities of Macoma balthica show variations between 150 and 450 ind./m2
, but 

only the increase from the period before July 1975 to August 1975 is statistically 
significant (probability level 0.05). Before October 1974, the variations of the 
Pontoporeia population density (20 � 300 ind./m2

) cannot be verified, but from then the 
increase (up to 430 ind./m2

) is significant (prob. level 0.05). The other species cannot be 
tested for because of their occasional presence in the samples. 

The Lumparn station (2) has given totally 10 species with the method of five sample 
units and the 1 mm2 sieving screen throughout the period 1972-75. The number of 
species per sampling occasion has been between 3 and 8 (Fig. 3). Only Macoma 

ba/thica and the priapulid Halicryptus spinu/osus have been found at every sampling 
occasion. The variations of the Macoma population (350-600 ind./m 2

) from July 1972 
to July 1975 are not significant, but after the sudden increase in August 1975 it is on a 
probability level of 0.05. 

When 30 sample units were taken and sieved through a 0.6 x 0.6 mm2 screen the total 
number of species was 14 at the Bergö station (B) in August 1976 (Fig. 4). The Macoma 

population seemed to dominate by numbers, the 95 % confidence intervals of sample 
means of 30 units being 550- 710 ind./m2

• The oligochaete Tubifex costatus (330-650 
ind./m2

) and the gastropod Potamopyrgus jenkinsi (350-550 ind./m2
) were the second 

dominants. 

The size distribution of Macoma showed that only 1 7  % of the specimens were equal to 
or larger than 1 mm (maximum shell length). 

The calculated minimum numbers of sample units that should be taken to record a 
50 % change of the actual mean numbers are shown in Fig. 4. The spatial distribution 
of Macoma seemed to be more even than the distribution of the other species. Nine 
sample units may be enough to make studies of the Macoma population, but the 
populations of Tubifex and Potamopyrgus must be studied by 46 and 23 sample units, 
respectively. Recording dynamics of the second species at the station of V�rdö (2), 
Pontoporeia, the sample size should be 15 units for the 0.6 mm fraction. The isopode 
Mesidothea entomon, which was found in two units only, gives a theoretical value of 
803 units, if the aim is to record a 50 % change of its population size. 
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The macrozoobenthic assemblages at the stations 1 (Vfüdö in Fig. 2) and 2 (Lumparn in Fig. 3) 

based on five sample units at each sampling occasion. The variations of Macoma balthica are 

statistically significant only for the samples taken in August 1975 at both stations. All the species 

found at the stations are listed in Table 1. 
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The benthic assemblage at station B (Bergö) represented by 30 sample units (0.6 mm fraction). 
The dotted areas at the top of the bars represent the 95 % confidence intervals of the means. The 
inset values are the estimated minimum sample sizes of the species listed in Table 1. 
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In Fig. 5 eight hypothetical „community structures" are shown, each based on the 
means of five sample units chosen at random from the 30 original ones of the B-station. 
All these „communities" represent the same benthic assemblage in Fig. 4 taken at the 
same day. Macoma is the first dominant in five out of eight cases and Tubifex is the first 
species in three cases. There are four aspirants for the second place: Macoma 3, 
Tubifex and Potamopyrgus 2, and the Ostracoda 1. The number of species varies 
between 11 and 13. 

The variations of both Macoma and Tubifex were by anova shown to be non-significant, 
when analysing the series of hypothetical communities at the station of Bergö. 
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Figure 5 
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Eight hypothetical communities at the station B taken at the same day. Each communty 

represents the sample means of 5 sample units chosen at random from the 30 original ones. The 

variations of the populations of the first dominants Macoma ba/thica and Tubifex costatus are 

non-significant. 

Discussion and Conclusions 

These comparative studies of three monitoring stations in the archipelago of the 
northern Baltic Sea have shown that in this area the earlier methods with a sample size 
of 5 sample units and a standard sieve with a mesh size of 1 mm2 will yield a material 
that must be regarded as qualitative in relation to the real benthic assemblages. The 
spatial distribution of Macoma balthica makes it a species that is easily sampled and 
with 5 sample units it will often be the first dominant of the investigated local ities. lf one 
part the few sample units taken happens to pick up aggregates of some other species, 
the same „community" has another first dominant. 

In Fig. 4 several of the less dominant species have high values of estimated minimum 
sample sizes, which indicate strongly aggregated spatial distributio�s. In fact it is 
uncertain which species really are rare and the figure (Fig. 4), where the species are 
ranked by numbers, partly seems to be the result of the distribution pattern of the 
species populations. 
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The results show that the minimum sample size for monitoring purposes should be 
nine-at least in the 20 m depth zone in the archipelago-when a bottom-sampler with 
an area of 0.03 m2 is used. And with such a method the investigation must deal with the 
populations of Macoma balthica only. With larger sample sizes other species 
populations can also be studied. The need of large sample sizes as a consequence of 
the spatial distribution of macroinvertebrates is also shown by HELLAWELL (1976), 
who points out the necessity to conduct pilot surveys to obtain estimates of the number 
of sample units for the populations at different localities. 

The recommendations on the sample size in the Baltic for monitoring purposes gives a 
minimum of three samp!e units taken with a 0.1 m2 grab (DYBERN et al., 1976). The 
results here and those of KAJAK (1963) confirm the suspicion that the use of a !arge 
grab and three sample units per station will not yield better results for the population 
estimates than the smaller sampler and five sample units. 

The recommendations on the standard sieve in the Baltic (mesh size 1 mm2) seems to 
be a too crude method for the benthic fauna in the archipelago. The mesh size of 0.5 x 
0.5 mm recommended for special purposes might be a better device to yield valuable 
information about the benthos for monitoring purposes. With the recommended 
standard sieve the benthic assemblage of the local ity of Bergö would most probably 
have been similar to the corresponding assemblages at the stations of Lumparn and 
Vfüdö. 

The results of this investigation lead to the conclusions that for monitoring puposes 
one must either choose some suitable species populations to be studied, or otherwise 
one must concentrate upon qualitative studies on the number of species within a 
locality, with qualitative methods. With quantitative methods the distribution pattern of 
the studied populations must determine the number of sample units to be taken at the 
monitoring stations. 
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