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1. Introduction

The lack of reference material in environmental studies and the heterogeneity of
methods in fish monitoring in the Baltic coastal areas have lead to the development of
an international fish monitoring system. The system involves annual monitoring of
biological key variables at fixed areas (coastal reference areas) and stations using
standardized methods. The methods were established in Sweden already in the 1960's
and 1970's. The international cooperation began in the beginning of the 1980's between
Swedish and Finnish fishery research institutes. Estonia joined the cooperation in 1990.
Corresponding monitoring started in Latvia and Lithuania in 1992. The Nordic Council
of Ministers granted financial support during the development of the system.

The objectives of the monitoring in reference areas are:
- to provide reference material for studies in areas affected by human activities,
- to contribute to the general monitoring of the changes in the Baltic coastal
- to trace large-scale environmental changes,
- to follow the biological development in the unique archipelagoes
- to provide material for prognoses of fish stocks.

Reference areas for coastal fish monitoring have so far been established in the Gulf of
Bothnia and the Northern Baltic Proper. There are six international reference areas,
which are located in regions with a minimum of human impact (Fig. 1). The system of
international reference areas is supported by monitoring in regional reference areas and
"hot spots'. Neuman and Sandstrbm (1996a, 1996b) presented an integrated monitoring
programme for coastal fish and the development of the system of Baltic coastat
reference areas. The action plan used in the selection of reference areas and stations is
described eg. in Adjers et al. (1995).

The reference areas also fulfil the requirements of monitoring of other trophic levels
than fish (vegetation, bottom fauna, birds and mammals). The aim of the system of the
reference areas is, according to the proposal of the Nordic Council of Ministers (Nordisk
Ministerrad, 1992) to monitor all trophic levels and to use the collected information for
commeon purposes. Other trophic levels are already monitored in varying degrees in the
reference areas (Adjers, 1996). The monitoring in reference areas is coordinated by the
"Coordination Organ for Baltic Reference Areas" (COBRA), whose secretary is
stationed at the Provincial Government of Aland. The organ consists of members of the
participating institutes (the Estonian Marine Institute, the Fisheries Division at the
Provincial Government of Aland, the Finnish Game and Fisheries Research Institute and
the Swedish Institute of Coastal Research).

Annual! reports dealing with various, selected themes based on the material collected
within the international reference areas will be published. The theme of this report is
species composition. Demersal warm water species are mainly discussed including
species composition, temporal trends in abundance of perch and roach, abundance of
perch compared with cyprinds, abundance of roach related to water transparency.
Catches of demersal cold water species and pelagic species are presented.
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Figure 1. International reference areas in the Baltic Sea.




The monitoring system is under continuous development aiming to increase the
monitoring parameters and trophic levels. The purpose is to monitor parameters
covering both individual, population and community levels.

The system of reference areas is planned to be expanded to the Gulf of Finland. The
archipelago of Haapasaaret has been suggested as a suitable area. Discussions in the
matter will continue during 1997.

The viviparous blenny (Zoarces viviparus) has been suggested to HELCOM and
OSPARCOM as an indicator species for biological effects of toxic substances, which
creates a demand for monitoring. Monitoring is already carried out in Kvidéfjirden
and Holmgarna and pilot investigations of the occurrence of blenny have been carried
out in Brunskar and Finbo reference arecas and in Vainameri at a locality southeast of
the reference area.

In 1996 COBRA presented a programme for Finbo reference area, based on the
recommendations by the Nordic Council of Ministers (Nordisk Ministerrad, 1992).
Discussions of which parameters will be given priority in 1997 are taking place. A
corresponding programme for Kviadofjarden will be presented in spring 1997

2. Material and methods

In the reference areas fishing stations are placed in narrow strata, defined according
to depth. In the depth stratum, groups of neighbouring stations with similar
environmental conditions form sections. The sections represent different habitats
regarding e.g. exposure and boitom type. Among a great number of tested stations five
- ten with similar species composition, catch levels and inter-year variations are
selected (Adjers et al. 1995). This report includes results only from the finally selected
stations. The stations are regarded as statistically independent of each other.

The test fishing methods are standardized according to Thoresson (1993). Test fishings
are carried out annually between July 25 and August 15 in shallow waters between 2
and 5 m. Fishing is repeated six times in every station. The nets are set between 2 and
4 pm and lifted the next day between 7 and 10 am. In the Gulf of Bothnia and
Archipelago Sea (Brunskir, Finbo, Holmdarna, Raned) coastal survey nets are used,
which are 35 m long, 3 m deep (2.5 m in water) and composed of five 7 m long parts
with mesh sizes 17, 21, 25, 33 and 50 mm from knot to knot. Two linked nets are set
in each station. In the southem arecas (Kvadéfjirden, Hiiumaa) net links are used,
which consist of four 30 m long, 1.8 m deep (1.5 m in water) nets. Each net is made
up of a single mesh size (17, 21, 25 and 30 mm). One link is set in each station. The
size of a survey net is almost twice the size of a net in the net links. The size of the
catches, expressed as catch per unit effort (CPUE; catch in numbers per net and fishing
night), can be compared by doubling the figures from Kviadéfjarden and Hiiumaa.

The reason why different nets are used is partly historical. Net series were used when
monitoring in Kvidofjarden began in 1962. Coastal survey nets were developed later
but the nets in Kvadofjarden were not changed due to obvious problems of comparison
between the methods. Another important rcason is that 120 m long, plain bottoms,




3. The

required by net links, are more difficult to find mn the north than in the south of the
Baltic Sea. Moreover whitefish, regarded as an important target species in the north,
is better catchable in survey nets than in net links. It is now established that survey
nets are used north and net series south of the 60th latitude.

The season and localities of the test fishings have been selected to catch demersal
warm water species, although demersal cold water species and pelagic species were
caught to some extent. The fishing methods are regarded as not appropriate for
monitoring of pelagic species (Baltic herring, sprat, smelt and vendace) and the catches
arc only presented. The following species, caught only occasionaily, three-spined
stickleback (Gasterosieus aculeatus), greater sandee! (Hyperoplus lanceolatus), black
goby (Gobius niger), eel (Anguilla amguilla), straight-nosed pipefish (Nerophis
ophidion) and deep-snouted pipefish (Syngnathus typhle) are not mentioned in the
report, because of insufficient catching in fishing gear. It is unclear if ruffe and
flounder belong to the demersal warm water or demersal cold water community.
However, in this report ruffe is included in the demersal warm water community and
flounder in the cold water community.

Trends in the abundance of selected species were analysed with Mann-Kendall
nonparametric trend analysis. The observations used were catch per station and night.
935 % certainty is used in all cases.

study areas

The intemational reference areas are located in Kvadofjarden in the Archipelago of
Gryt at the Swedish east coast of the Baltic Proper, in Hilumaa in Viinameri in
western Estonia, in Brunskar in the southern Archipelago Sea in southwestern Finland,
in Finbo in northwestern Aland, in Holméamna in the Northem Quark and in Réned in
the northern Bothnian Bay (Fig. 1). The characters of the areas are briefly described
below, but more detailed descriptions are found in Adjers et al. (1996).

3.1. Kvédéfjarden

The reference area of Kvidofjarden, located about 160 km southwest of Stockholm,
belongs to the continuous archipelago off the Swedish east coast (Fig. 1). The surface
salinity is in the range of 6-8 %o. Deep furrows, with depths down to 30 m, allow good
water exchange in the inner parts also. Local human impact is insignificant. A few
professional fishermen are operating in the area. Fish monitoring started already in
1962. The sections are made up of six stations each (Fig. 2). Section 5 is located in
the inner, sheltered archipelago. Section 6 is found in the outer archipelago close to
the edge of the open sea.
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Figure 2. Monitoring stations for coastal fish in Kvéddfjarden reference area.
The Secchi depths are measured at station 3 in section 5 and station 5 in
section 6,

3.2. Hiiumaa

The Hiiumaa reference area is situated in Vainameri southeast of the island of Hiiumaa
(Fig. 1). The area consists of relatively few islands and the water depth is mostly
below 4 m (Fig. 3). The mean salinity is 5-6%o. The surrounding land areas are
sparsely populated and industries are absent. Commercial fishing in the Viinameri is
relatively intensive,

Pilot studies began in 1990 and the fishing programme was established in 1992. The
monitoring programme consists of two sections with six stations in each section (Fig.
3). Section | is located close to the mainland of Hijumaa and is sheltered towards most
wind directions. Section 2 is open southwards and sheltered in the northeast from the
island of Saamaki. The water depth in the monitoring area is 2 - 3 m.
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Figure 3. Monitoring stations for coastal fish and locality for Secchi depth
measurements (@) in Hiiumaa reference area.

3.3. Brunskér

The reference area of Brunskar is located in the outer archipelago in the southern part
of the Archipelago Sea (Fig. 1). The water depth reaches more than 5 m only in
narrow, deep ravines, which cut in between the islands. A firth opens south of the area
with depths down to 50 m. Islands shelter the area in the north. The salinity of the
surface water is 6-7%o. There are no permanent human settlements hence local
environmental impacts are small. Only a few fishermen are active in the area today.

Fish monitoring has been carried out since 1991. The results from the first year are
excluded from the report due to few replicates. The programme consists of one section
with nine stations (Fig. 4), which were each fished three times in 1992 and six times
from 1993 and on.
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Figure 4. Monitoring stations for coastal fish and locality for Secchi depth
measurements (@) in Brunskar reference area.

3.4. Finbo

Finbo reference area is located in the northwestern part of Aland (Fig. 1). The water
depth is mostly between 5 and 10 m. The depths in the outer archipelago reach down
to 50 m. The salinity of the surface water varies between 6 and 7%.. Commercial
fishing of coastal species is carried out only by a few professional fishermen.

Fish monitoring started in 1976. Methods and stations have since then altered and
strictly comparable results have been obtained since 1987. The programme consists of
eight stations (Fig. 5), which have been visited six times each year, except for 1987
with only four times. The section is located in the middle archipelago zone and is
sheltered from most wind directions, but northerly winds may disturb the fishing in
some stations.
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Figure 5. Monitoring stations for coastal fish in Finbo reference area. The
Secchi depth is measured at station 6.

3.5. Holmd&arna

Holm®arna is located in the Northern Quark about 7 km from the Swedish coast (Fig.
1). The water depth is below 5 m and the salinity of the surface water 3-4%o. There
are no permanent human settlements and industries are lacking. Commercial fishing
is concentrated on whitefish and salmon.

Fish monitoring started in 1989. The programme consists of two sections with five
stations each (Fig. 6). Section 1 is located in a bay at the island of Angeson. Section
7 is located at the border to the open sea and is exposed to eastern and southeastern
winds. The Secchi depth measurements are carried out south of this area, where the
water depth reaches 8 m.




Figure 6. Monitoring stations for coastal fish and locality for Secchi depth
measurements (@) in Holm&amna reference area.

3.6. Raneé

The archipelago of Ranea is located in the northemn part of the Bothnian Bay (Fig. 1),
where the salinity is around 1%.. The depth is mostly below 5 m, but reaches below
8 m south of the island of Laxdn. The river Ranedlven falling into the bay of Réned
is not influenced by hydroelectric dammings and other human impacts are few.
Commercial fishing is directed at whitefish, vendace, salmon and Baltic herring.

Fish monitoring began in 1990. In 1992 and 1993 investigations were not carried out.
The programme continued again in 1994 and consists of one section with eight stations
(Fig. 7). The test fishing stations arc located in the inner part of Réned archipelago.
The stations arc exposed to sountherly winds.
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4. Results

4.1. Kvédéfjarden

Demersal warm water species dominated the catches in Kviadofjarden (Table 1). Roach
and perch were most abundant. Cyprinids were well represented with eight species.
Apart from roach, also silver bream and rudd were relatively abundant. Demersal cold
water species were scarce, Only flounder was caught to some extent.

The main differences between the sections were lower abundances of perch and higher
abundances of silver bream and rudd in the more sheltered section 5 (Table 1). Ruffe
was more abundant in section 6. The abundance of roach was similar in both sections.
Pikeperch began to appear regularly in section 5 in 1992, but have not been found in
section 6.

The catches of both perch and roach were large in 1994 mainly due to high water
temperature (Fig. 8). The increase of the perch catches in section 5 was statistically
significant (Mann-Kendall trend analysis), probably because of increased mean
temperatures during the period 1962-1995 (Andersson et al, 1996). Higher
temperatures have positive effects on the survival of perch fry, which in turn results
in larger year-classes and larger populations of catchable size (Karas, 1996a, 1996b).
Andersson et al. (1996) also reported that roach catches have increased significantly
during the more than 30 years long monitoring period, probably due to higher
temperatures and increased eutrophication.

—e—Perch — # — Roach -- & --Mean temp.

T Section 5 A Section 6

CPUE

(D.) ainjesadwia) soyepn

1987 1889 1991 1983 1985 1889 1991 1983 1995

Figure 8. Annual variations of perch and roach catches and mean water
temperatures during the fishing in Kvéddfjarden reference area.

12



Table 1. Mean fish catches (1992 - 1996, RA 1994 - 1996), expressed as catch
per unit effort (CPUE), in the Baltic reference areas. *different nets have been
used and to gain approximatively comparable results between the areas the
figures should be doubled. (JM = Kvadéfjérden, HM = Hiiumaa, BS = Brunskar,
FB = Finbo. HO® = Holmdarna, RA = Ranea).

Area IM* HM* BS FB HO RA
Section 5 6 1 2 1 1 1 2 1
Demersal warm water species

Perch (Perca fluviatilis) 73 114 3.5 48 167 303 300 240 9.7
Pike (Esox lucius) 0.2 Gl 0.1 0.1 0 02 <01 <01 0.1
Pikeperch (Stizostedion luzioperca) <0.1 ¢ <01 =01 <01 6.2 0 G G
Ruffe (Cymnccephaus cernuns} a4 15 04 02 <01 1.2 29 31 42
Bleak (4 iburnus alburnus) 0 ¢ <01 <01 0 ¢ <01 01 <01
Bream (4 bram is brama) <0.1 <G.1 0 0 0 <1 G ¢ 0.4
Crucian carp (Corassius carassiis) 0.1 <61 0 0 <01 ] 0 0 0
Dace (Leuciscus leuciscus) 0 ¢ <01 01l 0 C 0 0 .2
Ide (L euciscus idus) <Q.1 <0.1 01 <0 <01 <01 <01 0 c.2
Roach (Rutilus rutilus} 103 il1.8 .6 78 32 4.1 197 41 335
Rudd (Scardinius erythrophthaimus) 26 04 G ¢ 0 <01 ¢ 0 1]
Silver bream (B licca Eroerkna) 26 06 <01 01 <01 <01 0 ] 0
Tench (Tinca tinca) <0.1 <6.1 c 0 0 G C 0 0
Vimba bream (¥im ba vimba) <0.1 0 <01 02 0 0 0 0 0
CPUE (SUM) 23.6 258 49 13.0 199 360 527 313 483
Neo. of species 12 16 10 10 7 9 6 5 8
Demersal cold water species

Arctic char (Savelinus alpinus) v} 0 0 0 0 Q 1} 0 <01
Burbot (Lora lota) 0 0 ¢ <0.1 ¢ <01 G 0 <0.1
Flounder (Platichthys flesus) <01 01 <01 <01 L7 15 o 0 0
Fourhorned sculpin (Mycoxocephalus guadricornis) 0 4] 0 ] 0 <01 ¢ [ 0
Longspined bullhead (Tauruius bubalis) 0 0 4] 6 <01 <01 0 0 ¢
Rainbow trout (Oncorhyrchus mykiss) 0 <0.1 0 0 0 <61 0 0 0
Trout (Sdmo trutta) 0 o 0 0 0 0 0 0 <ol
Turbot (Psetta maxima) 0 0 0 <01 <01 <01 0 1] 0
Viviparous blenny (Zearces viviparus) 0 0 0 <01 <01 <01 0 <0.1 0
Whitefish (Coregonus lavaretus) g <0.1 ¢ 0 05 <01 03 13 0.6
CPUE (SUM) <061 01 <01 <01 22 16 03 13 06
No. of species 1 3 1 4 5 8 1 2 4
Pelagic species

Baltic herring (Clupea harergus) 0.1 <01 0.1 08 95 93 06 6.0 11
Smelt (Osmerus eperlanus) 0 0 0 Q 0.1 <01 0 0 0
Sprat (Sprettus sprattus) 0 0 <01 <01 <01 <01 ¢ 0 0
Vendace (Coregomus albula) 0 0 0 0 0 0 <01 <01 <01
CPUE (SUM) 01 <01 01 08 97 93 06 60 11
No. of species 1 1 2 2 3 3 2 2 2
Total CPUE 237 260 51 138 319 469 536 386 500
Total no. of species 14 14 13 16 15 20 95 9 14
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4. 2. Hiiumaa

Sixteen species were caught (Table 1), ten of which belonged to the demersal warm
water community. The most common were perch and roach. Demersal cold water and
pelagic species were scarce. Only flounder and Baltic herring were found more or less
regularly. The total catches, dominated by perch, were low in section 1 (Fig. 9). Ruffe
was caught in noticeable numbers. The catches of perch and roach were larger in
section 2 than in section 1. Vimba bream was also caught regularly (Table 1).

During 1992 - 1994 perch dominated in section 1, but the catches dropped drastically
in 1995 (Fig. 9). Together with a slight increase of the roach catches, the situation
altered so that roach dominated the catches in 1996. The perch catches in section 2
showed a similar drop as in section 1 and were very low in 1996 (Fig. 9). The
decrease was statistically significant (Mann-Kendall trend analysis) in both sections.
Kangur (1996) suggested that the decrease is caused by overexploitation of the perch
population in Viinameri. The roach catches in section 2 also decreased but the
variations of the catches between the stations were too large to prove it statistically
significant. The mean temperature was 2 - 3 °C higher in 1994 compared with the
other vears, which probably contributed to the high catches of perch (Fig. 9).
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Figure 9. Annual variations of perch and roach caiches and mean water

temperatures during the fishing in Hiiumaa reference area.

4 3. Brunskar

Totally 15 species were registered. The warm water community consisted mainly of
perch and roach, with perch strongly dominating. Other species were found only
occasionally, The demersal cold water community was comparatively well represented
and dominated by flounder and whitefish. Baltic herring was caught in noticeable
amounts in this area (Table 1).
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High water temperatures were noted in 1994 and 1995 compared with the other years,
which probably contributed to the increased perch catches (Fig. 10). Roach was rare
in the beginning of the period, but became successively more common. The increase
is statistically significant (Mann-Kendall trend analysis). The roach population
consisted mainly of large individuals (17.5 - 25 cm), indicating that the population
increase was caused by immigration and that local recruitment is weak.

The catches of flounder have increased significantly during the period (Mann-Kendall
trend analysis)in spite of the rather high temperatures. Koli (1990) noted that some
subspecies of flounder with different behaviour exist in the Baltic Sea. The subspecies

found in this area may have high temperature preference, which may explain the large
catches on the shallow areas.
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Figure 10. Annual variations of perch and roach catches and mean water
temperatures during the fishing in Brunskér reference area.

4.4. Finbo

As many as 20 species have been found since 1992, nine of which were demersal
warm water and eight demersal cold water species (Table 1). Baltic herring was also
relatively common in the catches. The most common demersal warm water species was
perch followed by roach and ruffe. Pikeperch, bream, silver bream and ide were found
for the first time in 1991 and have since then been caught more or less regularly. Rudd
was found for the first time in 1996. The demersal cold water community was
dominated by flounder. Other cold water species have been found only occasionally.

The catches of perch have been relatively stable during the period, except for the large
catches in 1994 and 1995 (Fig. 11). The catches of roach have been stable with an
exception in 1990, when the catches were large. Flounder was regularly found in low
numbers until 1991, but from 1992 and on the catches have been about ten-fold larger.
However, this increase could not be proved statistically significant due to large
variations of the catches between the stations. The explanation for the surprisingly
good catches may be similar to that proposed for the flounder catches in Brunskar.
Upwellings of cold water are common in the area, which also probably contribute to
the comparatively high catches of demersal cold water and pelagic species (Fig. 11).
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Figure 11. Annual variations of perch and roach catches and mean water
temperatures during the fishing in Finbo reference area.

4 5. Holmobarna

The catches were made up of relatively few species. Six species of the demersal warm
water and two of the cold water community were noted (Table 1). Perch dominated
followed by roach. Ruffe, whitefish and Baltic herring were also relatively abundant.
The sections differed from each other mainly in the larger catches of roach in section
1 and larger catches of whitefish in section 2 (Table 1). Perch was slightly more
abundant in section 1, although the catches were large in both sections. The catches
of ruffe were also similar in both sections.

The abundance of both perch and roach varied strongly between years in section 1
(Fig. 12). The large catches of perch in 1990 and 1991 in both sections (Fig. 12) were
probably due to the strong year-class of 1988 (Kards et al., 1997). The perch catches
decreased significantly (Mann-Kendall trend analysis) in section 2, probably due to the
successive disappearance of year-class 1988.
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Figure 12. Annual variations of perch and roach catches and mean water
temperatures during the fishing in Holmdéama reference area.
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4.6. Ranea

The catches consisted of 15 species eight of which belonged to the demersal warm
water and four to the demersal cold water community (Table 1). The most common
species was roach, but perch and ruffe were also abundant. Bream, dace and ide were
found in noticeable amounts. Whitefish dominated the demersal cold water community.

The roach catches varied strongly between years (Fig. 13). For instance, in 1994 the
catches were very high, exceeding 60 individuals per unit effort. The perch catches
were more stable. The bottom temperatures were remarkably low in 1995 (Fig. 13).
which probably contributed to the low catches of roach.

—e—Perch — @ — Roach - - & - -Mean temp.
70 20
eoi " =
AN t18 g
5 1 "7"-A  Notest N X .l
w ag | fishing 4, '\ 116 8
2 m in1992 N R =
C 307 - and N AT 114 &
- " e ——N c
20 + . - 1993. SN £
o j{'/ ‘\ 12 ~
16 | -.9
0 - ' ‘ : - 10
1990 1991 1994 1995 1996

Figure 13. Annual variations of perch and roach caiches and mean water
temperatures during the fishing in Ranea reference area.

5. Discussion

The test fishings are directed towards demersal warm water species, which also
dominated the catches in all areas. Demersal cold water and pelagic species are caught
in varving amounts despite this. The distribution of the different fish communities
depends on several parameters e.g. the salinity, season and exposure to open waters
(Neuman, 1982). The demersal warm water commurity is totally dominated by
freshwater species, mainly perch, ruffe and different cyprinids. Recruitment conditions
such as sheltered and warm spawning localities determine to a large extent the
abundance of these species. Such localities are often found in inner, sheltered parts of
archipelagoes and become more rare towards the open sea. When the basic conditions
are available secondary effects of eutrophication e.g. changes in the macrophyte and
zooplankton communities influence recruitment success. The effects of eutrophication
on fish in the Baltic Sea have been discussed by several authors (e.g. Hansson and
Rudstam, 1990) and have recently been reviewed by Tammi (1996). The abundance
of cyprinids increases with increasing eutrophication. Also ruffe and pikeperch have
been noticed to increase (Lehtonen and Hildén, 1980). For Baltic coastal areas
Sandstrdm et al. (1994) showed that decreasing Secchi depths were comrelated with
increased shares of roach and other cyprinids.




The arcas and sections in the monitoring system can be classified into two different
groups, perch dominated and cyprinid dominated fish communities (Fig. 14). Section
1 in Hiiumaa, Brunskir, Finbo and Holm&arna belong to the perch dominated group.
Section 1 in Holméarna differed from the others by rather large catches of roach. The
numbers of other cyprinids were insignificant in these areas. The fish communities of
Brunskir, Finbo and Holm&arna showed similar distribution patterns with significant
amounts of demersal cold water and pelagic species. The Secchi depths were also good
and it can be concluded that indications of eutrophication were weak in these areas and
sections. However, the statistically significant increasing trend of roach catches
together with findings of pikeperch in Brunskir and the recent appearence of pikeperch
and other cyprinids (bream, silver bream, ide, rudd) in Finbo may indicate increasing
eutrophication. Indications of eutrophication in these areas have earlier been reported
by several authors (Bonsdorff et al., 1991; Rénnberg 1984; Makinen and Aulio, 1986;
and Jumppanen and Mattila, 1994). The cyprinid dominated arcas and sections were
section 2 in Hiiumaa, Kvidéfjirden and Réned The dominating cyprinid was in all
cases roach, but other cyprimids were also rather common. Indications of eutrophication
were hence stronger compared with the perch dominated arecas. The catches of
demersal cold water and pelagic species were generally low in these areas.
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Figure 14. Mean catches (1992 - 1996, RA 1994 - 1996) of roach, other
cyprinids and perch in the reference areas. *different nets have been used and
to gain approximatively comparable results between the areas the figures have
been doubled. (JM = Kvadofjarden, HM = Hiiumaa, BS = Brunskéar, FB = Finbo,
HO = Holmbama, RA = Raned).

The catches per unit effort of cyprinids were strongly negatively correlated to the
Secchi depths (Fig. 15). The seemingly strong dependence of the abundance of
cyprinids on the degree of eutrophication is remarkable as it is influenced by many
other factors. The two most important are probably the access to shallow, sheltered and
warm recruitment areas and the temperature conditions during the fishing. In relation
to the Secchi depth, the abundance of roach is surprisingly high in Réned and low in
Finbo. It is likely that Réneéd has better recruitment conditions than the other areas
(Sandstrom, 1994), while the catches in Finbo are probably affected by frequent
upwellings of cold water rather than any markedly low recruitment capacity. The
results of the analysis indicate that the fish monitoring system gives good information
on biological effects of eutrophication.
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Figure 15. Mean cyprinid catches related to mean Secchi depths (1992 - 1996,
RA 1994 - 1996) in the reference areas. Section 1 in Hiilumaa was excluded,
because the area is too shallow to allow measurements of Secchi depths.
*different nets have been used and to gain approximatively comparable results
between the areas the figures have been doubled. (JM = Kvédofjarden, HM =
Hiiumaa, BS = Brunskar, FB = Finbo, HO = Holmbarna, RA = Raned).
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