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Fig. 12. Vertical distribution of temperature (n) in the areas 1, 2 and 3.
Date: 05.09.1985.
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Fig. 13. Vertical distribution of temperature (n) and salinity (_) in the areas
1, 2 and 3. Date: 05.09.1991.
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Fig. 14. Vertical distribution of temperature (n) and salinity (_) in the areas
1, 2 and 3. Date: 10.09.1992.
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Fig. 15. Vertical distribution of temperature (n) and salinity (_) in area 1.

Date: 26.09.1992.
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Fig. 16. Vertical distribution of temperature (w) and salinity () in area 1.
Date: 02.09.1993.

34  Zooplankton

Although no systematic comparisons have been made, it has generally been
noted that the numbers of different taxa in plankton samples from
Hopavégen are lower than those in samples from the surface layer of the
main fjord, taken at about the same time. This may indicate that if the
majority of the zooplankton in Hopavagen have originated from the main
fjord, as suggested by Olsen (1974), the inflow of fjord water over the
shallow threshold has a "sorting—effect".
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Table 3. Zooplankton organisms identified in plankton samples from

3.5

Hopavégen

Tintinnida indet.

Hydroida indet.

Bolinopsis infundibilium
Ctenophora indet.

Rotifera indet.

Turbellaria indet.

Polychaeta indet. (larvae)
Podon sp.

Evadne nordmanni
Ostracoda indet.

Calanoid copepods (all stages)
Calanus finmarchicus (all stages)
Mysidacea indet.

Natantia indet. (larvae)
Brachyura indet. (larvae)
Paguridae indet. (larvae)
Cirripedia indet. (nauplii)
Gastropoda indet. (larvae)
Bivalvia indet. (larvae)
Bryozoa indet. (cyphonautes)
Asteroida indet. (larvae)
Echinoida indet. (larvae)
Ophiuroidae indet. (larvae)
Oikopleura sp.

Sagitta elegans
Chaetognatha indet.

Pisces indet. (larvae)

Benthic fauna

The dominant organisms in the dredge catches from Hopavagen were the
echinoderms Strongylocentrotus droebachiensis and Ophiura albida,
hermit crabs (Paguridae indet.)) and the serpulid worm Pomatoceros
triqueter. In shallow water large populations of the horse mussel Modiolus
modiolus were observed.
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Table 4. Benthos in Hopavégen. Dredge catches from soft and intermediate
bottom

POLYCHAETA
Pomatoceros triqueter
Spirorbidae indet.
Terebellidae indet.
Pectinaria sp.
Polychaeta indet.

NEMERTINI
Nemertini indet.

CRUSTACEA
Paguridae indet.
Galathea intermedia
Carcinus maenas
Crangon crangon
Caprellidae indet.
Gammaridae indet.
Balanus balanus
Verruca stroemi

BRYOZOA
Bryozoa indet.

MOLLUSCA
Polyplacophora indet.
Acmaea testudinalis
Aporrhais pespelicani
Turitella communis
Gibbula cineraria
Buccinum undatum
Velutina velutina
Natica sp.
Trophonopsis sp.
Nudibranchiata indet.

Modiolus modiolus
Anomiidae indet.
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Pectinidae indet.
Cerastoderma edule
Dosinia sp.
Abra alba
Cyprina islandica
Cultellus pellucidus
Hiatella arctica

ECHINODERMATA
Asterias rubens
Ophiopholis aculeata
Ophiura albida
Ophiuroidae indet.
Strongylocentrotus droebachiensis
Echinus esculentus
Echinocardium cordatum

CHORDATA
Ciona intestinalis

3.6  The littoral zone of Hopaviagen

The topography and substrate of the littoral zone in Hopavégen ranges from
gently sloping mud flats to steep cliffs (Fig. 17). Besides topography and
substrate, wave exposure is the most influential factor affecting the
distribution of littoral organisms. Using the relationships between exposure
and the distribution of littoral organisms, it is possible to devise
biologically—defined exposure scales for rocky shores in a particular area.
In Norway biologically—defined exposure scales were devised by Dalby et
al. (1978), van Marion (1978) and Osland (1985). The scales describe the
overall biological characters of shores with dlffcrent degrees of exposure,
ranging from very exposed to very sheltered.

Hopavégen is a very sheltered locality, but the littoral zone in Hopavigen

differs in several aspects from the normal pattern usually found in very

sheltered localities:

1 Sublittoral laminarians are absent from Hopavagen.

2 There is no fully developed fucoid zone in the eulittoral zone. The
normal fucoids of the littoral zone are locally scarce.
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3 The abundance of Mytilus edulis is much lower than one would expect
under very sheltered conditions. It seems that the settlement of larvae has
not been successful for several years.

4 The abundance of Semibalanus balanoides is much lower than one
would expect under very sheltered conditions.

A common feature of benthic algae, mussels and barnacles is that they are
sessile organisms. However, it is clear that the distribution of mobile
intertidal animals such as Nucella lapillus, Patella vulgata and Littorina—
species in Hopavdgen on the other hand is normal. These species are
abundant throughout the whole area on suitable substrates.

The hydrographic measurements showed that the temperature and salinity
of the surface water in Hopavégen mainly follows the variation found in the
surface layers of the main fjord. Yet in the adjacent area outside Straumen
the littoral community is normal. This indicates that that the hydrographic
conditions are unlikely to be causing the abnormal pattern of organisms
found in the littoral zone in Hopavigen. Furthermore, the variations of
temperature and salinity in Hopavagen are much smaller than those found
in the inner parts of Trondheimsfjorden. The inner parts of the fjord show
normally developed populations of laminarians, fucoids, mussels and
barnacles.

Sessile littoral organisms may be damaged or dislodged from the substrate
by sea ice. Ice formation however, has not taken place in Hopavdgen since
1942 (Mr O.A. Olsen, pers. comm.), and ice erosion therefore cannot
explain the unusual distribution pattern of littoral organisms in Hopavagen.

The sea urchin Strongylocentrotus droebachiensis grazes heavily on
organisms in the sublittoral and eulittoral zone in the Hopavédgen area. The
sea urchin is very abundant both in and outside Hopavagen. A significant
increase in the number of sea urchins, resulting in the disappearance of the
laminarian vegetation, was observed by local fishermen in the early
seventies (Mr O.A. Olsen, pers. comm.). Initially the sea urchins seemed to
avoid the strong current in Straumen, but in the middle of the eighties
Strongylocentrotus droebachiensis became more abundant in Straumen,
resulting in a marked reduction of the laminarian vegetation there. In the
same period severe effects of sea urchin grazing were reported from other
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places along the Norwegian coast (Sivertsen & Bjgrge 1980, Sivertsen
1987).

Strongylocentrotus droebachiensis primarily grazes on benthic algea in the
sublittoral zone (see review by Hawkin & Hartnoll 1983), but may
occasionally graze on fucoids in the lowermost parts of the eulittoral. The
unselective rasping of sea urchins may even deplete bamnacles at low levels
(Lewis 1964). It seems very likely that the absence of sublittoral algae in
Hopavagen is caused by the grazing of sea urchins. The eulittoral zone in
Hopavagen may also be partly affected by the grazing of sea urchins.
However, outside Straumen the sea urchins are at least as abundant as
inside Straumen. There are, however, no signs of such grazing effects in the
eulittoral zone outside Straumen.

The most outstanding physical differences between the areas outside and
inside Straumen refer to the exposure gradient and the tidal movement.
Lewis (1964) points out that abnormal tidal movements may have a
dramatic effect upon the intertidal organisms. Many sessile intertidal
organisms face great problems when the tidal rhythm differs from the semi-
diurnal pattern. Larval stages of sessile animals seem to be particularly
sensitive. The cyprid-larvae of Semibalanus balanoides are far more
sensitive to prolonged periods of exposure than the metamorphosed
individuals. Other intertidal organisms show the same tendency (Newell
1979). The hypothetical tidal curve for Hopavéagen (Fig. 6b) shows that the
conditions are highly risky for organisms which depend on an approximate
semi—diurnal tidal rhythm. Free dwelling organisms, such as the common
intertidal gastropods, can simply avoid this problem by adjusting their
position on the shore. Sessile organisms in the sublittoral zone are not
affected by this problem either. This is clearly demonstrated by the dense
populations of Modiolus modiolus in Hopavagen.

Grazing and the abnormal tidal movement seem to be the major problems
faced by the intertidal organisms of Hopavdgen. Grazing is likely to be the
major problem at lower levels, while the abnormal tidal movement is the
major problem at higher levels.

The mean water level in Hopavdgen is ca 0.5 m above mean sea level. That
means, in a geological perspective, that Hopavagen is near the point of
being separated from the sea by geological uplift. Calculating on an average
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Fig. 17. Substrate and topography of the shoreline of Hopavagen.

uplift rate of 2.1 mm per year (Bakkelid & Skjgthaug 1984), and
discounting the effects of sea level variation and varying sedimentary rates,
Hopavdgen may become separated from the sea in about 700 vyears.
Estimates based on observations at Agdenes during the last fifty years (O.A.
Olsen, pers. comm.), indicate that the uplift rate in recent time may be as
high as 4-5 mm per year. In this perspective, the abnormal tide regime and
the resulting abnormalities in the littoral community, may be interpreted as
showing an early stage in the transition of Hopavagen from a landlocked
bay to a fully formed lake. In the landlocked fjord Lakselvvatn in Northern
Norway, the mean water level is 1.5 m above mean sea level (Jensen et al.
1985), and Lakselvvatn therefore presumably represents a later stage in lake
formation. Lakselvvatn has a fully developed fresh water littoral fauna
above 2 m deep. The freshwater runoff from two rivers is however greater
than in Hopavégen. Lindholm (1982) describes landlocked basins on Aland,
representing different stages in lake formation. The conditions in the Baltic
Sea (low salinity and small tidal range) differ however from the conditions
on the Norwegian west coast.

Anoxic conditions in the deep water may also be explained as a result of
land uplift. It has been suggested that a relatively high land uplift rate in
recent time may have caused a significant decrease of the water renewal in
parts of Borgenfjorden, North-Trgndelag (McClimans 1981).
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3.7 The littoral zone of Straumen

The narrowest part of Hopavagen has a width of only 7-8 m and a depth of
ca 1.5 m at low tide. Towards the main fjord the tidal stream runs through a
ca 200 m long tidal sand/mud flat. Towards Hopavagen, a few meters inside
the narrowest part of Straumen, the depth increases suddenly to ca 5-6 m.
Still further towards Hopavédgen a ca 50 m long shallow bar indicates that
the velocity of the water current decreases.

When 259.000 m® water is forced into Hopavagen by the rising tide during
a period of only 4 h 30 min., the average inflow is almost 1000 m’/min.
With an estimated area of the cross section through the narrowest part of
Straumen of ca 18 m’, the average velocity of the current during a rising
tide is ca 0.9 m/s. Dalen (1971) reported measuring velocities exceeding
2 m/s.

Common benthic macroalgae in the tidal zone of Straumen are Pelvetia
canaliculata, Fucus spiralis, F. vesiculosus, Ascophyllum nodosum, Fucus
serratus, Scytosiphon lomentaria, Dumontia incrassata, Chordaria
flagelliformis and Halidrys siliquosa. Common subordinate algae species
are Corralina officinalis, Chondrus crispus, Gigartina stellata, Palmaria
palmata, Hildenbrandia prototypus, Phymatholithon sp. and Cladophora
rupestris.

The sublittoral macroalgal community is dominated by Laminaria digitata,
with the scattered occurrence of Alaria esculenta. The Laminaria—stipes are
heavily overgrown with epiphytic and epizoic organisms. The surfaces of
stones and bedrock have a pinkish colour resulting from the presence of an
almost complete cover of calcareous algae (Lithothamnium sp.,
Phymatholithon sp., Lithophyllum orbiculatum). The algae Ceratium
rubrum, Polysiphonia sp., Desmarestia aculeata, D. viridis, Leathesia
diformis and Codium fragile are common species between the laminarians.

The invertebrate fauna of Straumen (see Table 5) shows a high diversity
compared with the fauna in most of the shallow waters in the
Trondheimsfjord area. A characteristic feature is the presence of a relatively
large number of filter feeders, favoured by the strong tidal current. Another
interesting feature is the presence of typical sublittoral organisms at high
levels. It is for example not uncommon to find Buccinum undatum crawling
upon exposed stones in Straumen and Alcyonium digitatum can easily be
found between stones around the water mark at low tide. This phenomena, a
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general uplift of the upper limits of some species, is well-known from very
exposed localities on the outer coast. In the intermediate and inner parts of
the fjords this phenomena is restricted to localities with very strong
currents.

Table 5. Marine invertebrates found in Straumen in the period 1983-1994.
Recordings marked with (*) are recordings from the tidal stream
outside the bridge over Straumen

PORIFERA
Cliona celata
Halichondria panicea

CNIDARIA
Hydractinia sp.
Laomedea flexuosa
Dynamena pumila
Clava squamata
Coryne pusilla
Sarsia eximia
Hydroidae indet.
Alcyonium digitatum
Tealia felina
Metridium senile
Actinaria indet.

NEMERTINI
Linneus longissimus
Nemertini indet.

POLYCHAETA
Polynoidae indet.
Arenicola marina (*)
Terebellidae indet. (*)
Nereis sp. (*)
Spirorbis sp.
Pomatoceros triqueter
Serpula vermicularis
Polychaeta indet.



CRUSTACEA
Balanus balanus
Semibalanus balanoides
Mysidacea indet.
Caprellidae indet.
Gammaridae indet.
Amphipoda indet.
Idothea sp.
Isopoda indet.
Crangon crangon
Galathea sp.
Paguridae indet.
Carcinus maenas
Hyas araneus

PYCNOGONIDAE
Pycnogonum littorale

BRYOZOA
Electra pilosa

Membranipora membranacea

Alcyonidium sp.
Bryozoa indet.

MOLLUSCA
Polyplacophora indet.
Patella vulgata
Acmaea testudinalis
Gibbula cineraria
Lacuna divaricata
Littorina obtusata
Littorina littorea
Littorina rudis
Hydrobia sp.
Velutina velutina
Natica sp.

Nucella lapillus
Buccinum undatum
Nudibranchiata indet.

Anomidae sp.

31



32

Musculus discors
Musculus niger
Modiolus modiolus
Mytilus edulis

Mya arenaria (*)
Cerastoderma edule (*)
Hiatella arctica

Pholas candida (*)

ECHINODERMATA
Cucumaria frondosa
Psolus sp.

Echinus esculentus
Strongylocentrotus droebachiensis
Henricia sp.

Asterias rubens

Marthasterias glacialis
Crossaster papposus

Ophiotrix fragilis

Ophiocomina nigra

Ophiopholis aculeata

CHORDATA
Ciona intestinalis
Styela rustica
Ascidiacea indet.

3.8 Fish

The following species of fish species have been recorded from Hopavagen
between 1983 and 1994:

Gadus morhua, Pollachius virens, Merlangius merlangus, Pollachius
pollachius, Trisepterus minutus, Clupea harengus, Platychthys flesus,
Microstomus kitt, Pleuronecta platessa, unidentified flounder (hybrid?)
(Pleuronectidae indet.), Coryphoterus flavescens, Pomatoschistus minutus,
Spinachia spinachia, Pholis gunellus, Labrus bergylta and Ctenolabrus
rupestris.
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