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1.0 SUMMARY 

1.1 Background, objectives, activities, data and methods of analyses 

Background: To provide background information for the evaluation ofpossible impacts ofthe 
construction of the Sound Bridge between Denmark and Sweden related to possibie changes in 
distribution and migration patterns of herring in the Sound, the Danish Institute for Fisheries 
Research has monitored herring occurrence and abundance in the Sound area with special 
emphasis on the spring spawning western Baltic herring stock during two monitoring periods from 
September 1993 to April 1994 and from October 1994 to May 1995, respectively. 

In the period September 1993 to AprillMay 1995, 15 hydro acoustic surveys were carried out in 
the Sound (ICES Subdiv. 23). This report presents results from the monitoring period October 
1994 to May 1995 but includes also certain comparative results from the monitoring period 
September 1993 to April 1994 to summarize the obtained results du ring both monitoring periods 
from September 1993 to May 1995. Further, the usefulness of the results related to the 
construction activities is summarized, and the results are presented in context of advice of future 
monitoring of herring occurrences and migrations in and through the Sound area, partly related 
to the activities during establishment ofthe fixed link across the Sound, and paitly related to the 
environmental protective criteria set up by the Danish Ministry of Environment and Swedish 
authorities regarding herring migrations in the Sound. The recommended future monitoring of 
herring in the Sound take into consideration the acoustic sonar monitoring ofherring coveringa 
limited cross section (Drogden; depths deeper than 9 m) of the Sound performed by nID and 
makes, thus, the two investigation methods complementary to one another. 

Related to the construction ofthe fixed link in the·Sound between Denmark and Sweden a number 
of environmental criteria, arnong others with respect to herring in the Sound, shall be respected 
and obeyed. Related to migration routes and distribution of herring the Danish environmental 
authorities (Miljø- og Energiministeriet og Trafikministeriet Jan. 1995) and Swedish authorities 
(Vattendomstolen Jul. 1995) have set the following criteria: Situations where sediment fans block 
for the passage of herring through Drogden and Flinterenden when migrating south to the 
spawning areas and when migrating north to the feeding areas must not arise. Monitoring and 
effect evaluation shall be established to ensure that the protective clauses are obeyed. 

Objectives: The objectives ofthe monitoring investigations on herring in the Sound are to obtain 
detailed information about and describe horizontal and vertical distribution, densities, biomass and 
stock composition of herring in the Sound with special emphasis on the western Baltic herring 
stode, and successively describe the spatial and temporal variances in the occurrences of herring 
based on continuous (repeated) monitoring activities. The latter gives indirect quantitative 
information (indices) about the migration pattems ofherring in the Sound. Further, the purpose 
is to establish reference data and knowledge concerning the herring in the Sound related to design 
oflater monitoring progranunes for evaluation of the environmental impact from the construction 
of the fixed link between Denmark and Sweden (e.g. evaluation of herring occurrence and 
migration related to construction activities and to dispersion of suspended sediment fans). 
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In all months both in 1993/94 and 1994/95 the highest abundances ofherring were found in the 
depth layer from the sea surface to 20 m depth. Within this layer the highest concentrations were, 
in general, found in the 10-20 m depth layer with few smaller concentrations in the surface layer 
from 5-10 m depth. The occurrences of herring in depths below 20 m were very limited. (Figs. 4-
18 & Fig. 19). Related to the Sound link construction area there were observed spatiallimited high 
concentrations ofherring in the sea surface layer (5-10 m depth) in strata G9-GlO in the autumn 
and early winter period in 1993/94. The same relatively high concentrations in the same strata and 
depth strata occurred practically during the whole second monitoring period from October 1994 
to May 1995. (Figs. 4-18 & Fig. 19; Tab. 4). 

Direct observations when performing hydro acoustic surveys and folIowing qualitative, 
comparative analyses ofthe hydrographical CTD samples related to herring occurrence pattems 
shown on printed echograms indicated that when hydrographical stratification exist in the water 
column, Le. existence of halo- and/or thermocline(s) in the pelagic water layer, herring tended to 
concentrate in the layers around these cline(s), Le. the herring tended to be distributed in dense 
scattered layers in association with bottom slopes or hydrographical stratified water layers. 
Herring in the Sound did not occur in large schools but, rather, showed a densely aggregated 
distribution pattem which appear from the acoustic signal peaks which only very infrequent 
exceeded values of -53 dB which were set as the fish school threshold value. (Not shown). 

No extensive data analyses ofherring occurrence related to hydrographical conditions have been 
performed. More detailed comparative analyses of data from C!D-profiles on 1 m depth interval 
basis, including influence of the exact location of haloclines, thermoclines and distinct oxygen 
layers on relative herring abundance, i.e. related to measured acoustic integration values (Sa­
values) per 1 m depth stratum;-would have demanded more extensive acoustic data resolution and 
further acoustic raw data handling than performed within the present data analyses and requested 
through the present monitoring programme. However, the performed data analyses on herring 
occurrences related to mean hydrographicai conditions within 5 m depth layers through the water 
column in different geographicai strata ofthe Sound show that the southwards displacement of 
herring out ofthe Sound in the period October to January towards the spawning grounds during 
the 1994/95 monitoring period did coincide with decreases in water temperature in all depth layers 
ofthe Sound (Fig. 19). Further, increases in mean salinity in all depth layers and relatively lower 
oxygen saturation in the deeper layers were observed from October-December, and through the 
whole period salinity increased with depth. Seen in light ofthese observed hydrographical changes, 
and in light of the fact that salinity will increase at bottom when relatively high saline inflowing 
North Sea water enters the Sound (from Kattegat) near bottom, the observed (gradual) 
hydrographicai changes might have initiated the observed southwards displacement of herring 
which coincide with these changes. (Fig. 19; Nielsen and Stæhr 1996). 

During the period from October 94 to May 95 herring with totallengths between 45-60 scm were 
dominant in all areas ofthe Sound, and within this length interval the most frequent size categories 
were the 48-58 scm herring in general. During the whole period, maximum length frequency 
peaks appeared to be, respectively, at 52-54 scm in the central Sound (superstratum 2) 
corresponding to age group 4 (except for October 94: age group 5); and 53-56 scm in the 
southem Sound (superstratum 3) corresponding to age groups 4-6 (also including age group 3 in 
December); and, finally, 49-54 scm in the northem Sound (superstratum 1) corresponding to age 
groups 2-3 in October-December and age groups 3-4 in January-May. (Figs. 20 & 21). In 
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mean salinity (%0) and mean oxygen saruration (%) divided into depth layers reJated to herring 
abundance are shown in Fig. 19. 

More detailed comparative analyses of CTD-profiles on 1 m depth interval basis, including 
influence of the exact location of halociines. thermoclines and distinct oxygen layers on relative 
herring abundance, i.e. related to measured acoustic integration values (Sa-values) per l m depth 
stratum. would have demanded more extensive acoustic data resolution and further acoustic raw 
data handling than performed within the present data analyses and requested through the present 
monitoring programmel 



4.0 RESULTS 

4.1 Type of results given 

Results and type of information given based on the present monitoring programme and 
performed investigations reiated to herring in the Sound with special emphasis on the 
western Baltic herring stock: 

Results on early tagging experiments (Biester, 1979; Otterlind 1984) showed that the Sound is a 
major over-wintering area and an important migration route for the presently imponant western 
Baltic (Rugen) spring spawning herring stock. However, no detailed quantitative investigations 
ofthe over-wintering herring from this stock and the passage of migrating Rugen herring in and 
through the Sound have previously been carried out. Only qualitative and aneedotal information 
exist. TIms, before the present monitoring investigations of herring in the Sound area during the 
period September 1993 to May 1995 were implemented no systematic investigations and detailed 
and quantitative data and information have existed related to the folIowing: 

a) Overall and relative spatial and temporal distribution (horizontal as venieal) of 
herring in the Sound in different geographical areas and months over the year. 
Le. the question about where and when these considerable amounts ofherring 
in the Sound acrually are located in the area and where and when they 
concentrate is answered. 

b) QuantitatWe indices of migration patterns and residence areas in the Sound 
related to previous (qualitative) mappings and investigations of the overall 
migration pattern of the Rugen herring between the spawning grounds in the 
western Baltic around Rugen and Griefswalder Bodden in the spring time and 
the summer feeding grounds in the Kattegat, Skagerrak and North Sea area. 
This is based on continuous and repeated monitoring. 

c) Estimates of absolute and relative density and biomass of herring in the whole 
Sound area (horizomal as vertical) in different areas and periods. 

d) Information about stock composition of the herring occurring in the Sound in 
different areas over the vear. 

e) Information abour herring abundance in all areas of the Sound - in both Danish 
and Swedish warers - in different seasons related te depth stratification and 
hydrographicai conditions in different depth layers in the Sound. 

4.2 Actuai resuits given 

The perrormed analyses ofhydro acoustic measurements and biological samples show that the far 
mosr abundant fish species in rhe Sound during both monitering periods was herring with 
measured biomass up to 130.000 tonnes in rhe lare summer and aurumn period. AmOl'lg herring 
stocks occurring in the Sound the western Baltic spring spawning herring stock was by size the 
far most important stock componem throughout the monitering periods. 
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InveStigations ofhening occurrences in the Sound have (so far) focussed on the periods from late 
summer to late spring (Tab. 1). Biomass in tonnes per NM**2 and abundance in number in 
miilions per NM**2 of herring in the Sound divided by stratum for different months / surveys 
during the overall survey period from September 1993 to May 1995 are shown in Tabs. 2 & 3. 
The measured total biomass and abundance of herring in the Sound varied between 130.000 to 
5.000 tonnes and 940 mill. to 40 mill. herring in the perioå September 1993 to May 1995 (Tabs. 
2 & 3), The max:imum measured herring abundances in the Sound area constitute a significant part 
of the total yearly catch of western Baltic spring spawning herring in the whole western Baltic, 
Skagerrak-Kattegat and North Sea area with a long term average on 172.000 tonnes during the 
period 1974-94 (see App. p. 68-72). 

No consequent and very distinctive spatial and temporal panerns in herring occurrences within the 
Sound area during the two year period can be deduced. In general, the occurrence ofherring in 
the Sounå was observed to be higher in 1993/94 than in 1994/95. Highest occurrences were 
observed in Sept. 1993 and lowest in Apr. 1994. In Sep.-Oct. 1993 and in Det. 1994 around 
100.000 tonnes' ofherring or more were found in the whole Sound area. In NOV.-Jan. in both 
1993/94 and 1994/95 there was around 40-70.000 tonnes. however, while the biomass in Jan. 
1995 was intermediary (approx. 40.000 tonnes) between the level in NOV.-Dec. (60-70.000 
tonnes) and a stable level in Feb.-May both years around 5-20.000 tonnes the biomass in Feb. 
1994 differed from this pattern as a biomass of around 85.000 tonnes was observed here. (Tab. 
2; Fig. 3). In all months from Sep. 1993 to Feb. 1994 there were more than 500 mill. herring in 
the Sound. This abundance level was only reached in Oct. 1994 in the period Oct. 1994 to May 
1995 (Tab. 3). Differences in condition ofthe herring (length-weight-relationship) were found 
(Tab. 6) which explains the-slightly different temporal distribution in abundance of herring in 
numbers compared to the-elomass distribution. Thus, in both monitoring periods the highest 
abundances ofhening in the Sound were tound in the period Sept. to Feb./(Mar.) both in 1993/94 
and 1994/95. Within this period, the herring had a tendency to concentrate in the central Sound, 
especiaIly around the island ofVen (strata G3-G4). However. there seems to have been a more 
continuos southwards displacement (emigration) of herring in 1994/95 than in 1993/94 where the 
emigration occurreå abruptly over a relatively short perioå in Feb./Mar. (Fig. 3; Tabs. 2 & 3). 

The contour-plots in Figs. 4-18 present the total number of herring measured in each pelagic depth 
strata i.e. visualize the total measured number ofherring in each pelagic water layer down through 
the vertical water column divided by geographical strata. In Tab. 4 herring density in each bottom 
depth strata is presented. i.e. density of herring per depth locality with given bottom depth is 
given. In all months both in 1993/94 and 1994/95 the highest abundances of herring were found 
in the depth layer from the sea surfaee to 20 m depth. Within this layer the highest concentrations 
were. in general. found in the 10-20 m depth Iayer with few smaller concentrations in the surface 
layer from 3-10 m depth. The occurrences of herring in depths below 20 m were very limited. 
(Figs. 4-18 & Fig. 19). Related to the Sounå link construction area there were observed spatial 
limited high concentrations of herring in the sea surface Iayer (3 -10m depth) in G9-G 10 in the 
aurumn and eady winter period in 1993/94. The same relatively high concentrations in the same 
strata and depth strata occurred practicallv during the whole second monitoring period from 
October 1994 to May 1995. (Figs. 4-IS & Fig. 19: Tab ... n. 

[n aeneraL the waters in the Sound is hvdrographicallv stratitied with a low saline upper water - . - . 

layer separated from a high saline bottom layer. However. besides this general and roughly 
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Number af herring per NM**2 divided by sex and maturity group in the northem (superstratum 
l), central (superstratum 2) and southem (superstratum 3) Sound during the period October 1994 
to May 1995 is shown in Fig. 23. Maturity index matA is juvenile (immature) herring, matB 
mature and spawning herring, and mate is post spawned herring. It appears from Fig. 23, that the 
abundances of all maturity groups varied significantiy between months and areas, and that both 
sexes showed parallel monthlyand geographical osciilations. Juvenile herring were most abundant 
in the northem and central Sound during the period October-December, and within this period 
the most extreme abundances af juvenile herring were found in the northem part ofthe Sound. 
Further, during the whole period October 1994 to May 1995 juvenile herring were least abundant 
in the southem part ofthe Sound compared to the central and northem parts. This is in accordance 
with the above reponed indices af likely relatively high abundances af juvenile North Sea (Bank) 
herring (l-group) in the Sound distributed southwards from the Kattegat-Skagerrak area into the 
nonhem and central parts ofthe Sound. In general, a higher number offemale immature herring 
than male immature herring were observed in the Sound. (Fig. 23). 

Mature and spawning herring were abundant in the whole Sound area during the period Oct. 1994 
to January 1995 with a decreasing tendency later in that period, and also with a slightly decreasing 
tendency towards the most southern parts ofthe Sound (superstratum 3). The amount ofmature 
and spawning herring decreased significantly in February-May. However, in Mayintermediary 
abundances af mature and spawning herring were found, especially in the central Sound. The latter 
might be caused by occurrence af same local spawning around the island of Ven. Parallel with the 
observed abundance pattern af juvenile herring, the marure and spawning herring were found in 
relatively low numbers in the northern Sound and relatively high numbers in the central and 
southern Sound in November compared to the months af October and December. This pattem 
show existence af temporal variations in local migration and concentration of over-wintering 
juvenile and mature and spawning herring within the Sound area during the autumn and winter 
period. Theobserved decrease in marureand spawningherring in the spring p eri od from February 
and onwards inåicates that a spawning migration had begun from the Sound area to the spawning 
grounås inthe westernBaltic Sea around Rugen and GriefswalderBodden. This migration seems 
to have taken place in early spring, and aiready starting in late winter (January to February).For 
both juvenile, mature and spawning herring in the Sound there seems not to have been any 
significant differences in abundance af the different maturity groups between the two sexes in 
different months and areas. 

Regarding occurrence af post spawned herring in the Sound the picture is somewhat more 
complicated.lng'eneral.onlyvery few post spawned herring were faundin theSoundcompared 
to the abundance levels af the other maturiry groups found within the area. Nodistinct and 
consequent temporal, geographicai and sexual pattems in distribution ar occurrence can be 
distinguished for post spawned herring in the Sound. except that no post spawned herring have 
been found in October month. Post spawned herring were present in all at her months in small 
numbers indicating (same) occurrence af both autumn spawning and spring spawning herring 
stock components in the Sound. Related to the northward migration af western Baltic herring 
from -ihe spawning grounds back to the feeåing grounds du ring spring it can be concluded that 
these herring not seerned toconcentrate in iarge amounts in the Sound for longer periods within 
the season from October to May. It CaD not. based an the present monitoring programme and data 
materiaL be concluded whether the Sound ar the Belt Sea is the most important migration route 
back to the northern feedil1g gtounds. 
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