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Zoogeography of Triturus vulgaris (L.)'and T. cristatus
(Laurenti) (Amphibia) in Norway, with notes on their

vulnerability

DAG DOLMEN

Dolmen, D. 1982. Zoogeography of Triturus vulgaris (L.) and 7. cristatus (Laurenti) (Am-
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The distribution of Triturus vulgaris (L.) in Norway is separated into a southeastern distribu-
tion area, extending westwards along the coast, and a central Norwegian area in the Tronde-
lag region. T. cristatus (Laurenti) has three separate distribution areas: a southeastern, a
southwestern, and a central Norwegian area.

It is thought that 7. cristatus reached southwestern Norway through mountain passes
_ from southeastern Norway. Possibly 7. vulgaris also reached this region, but it did not tole-
rate the change to a colder and more humid, atlantic climate. The many fjords and the high
mountains in southwestern Norway may today be an important dispersal barrier for the spe-
cies. Hydrochore dispersal by rafts seems to be fairly common. Both newts reached central
Norway from Jamtland, Sweden, probably also from southeastern Norway. The later cli-
mate deteriorations have reduced the maximum distribution area of the species, as has also
human activity.

Summer, and possibly also winter temperature, precipitation, length of activity season,
day length and the amount of direct sun radiation all cooperate in the limitation of the newts’
distribution and abundance. With respect to growth in the larvae, long day conditions in
central Norway are thought to compensate for the higher average temperatures further
south.

In Norway the newts may disperse locally, but T cristatus is threatened, and locally even
in danger of extinction, especially in central and southwestern Norway, by forestry practices
and introduction of fish to newt localities. The better dispersal abilities of 7. vulgaris vs. T.
cristatus can be explained by the wider ecological amplitude, less nocturnal habits and more
terrestrial way of life of 7. vulgaris.

Dag Dolmen, Department of Zoology, University of Trondheim, N-7000 Trondheim, Nor-

way.

INTRODUCTION

In a recent survey Dolmen (in press b) gives de-
tailed information on the distribution and habi-
tat of the newts, Triturus vulgaris (L.) and T.
cristatus (Laurenti), in Norway, as part of a
much wider European project on herpetile map-
ping and conservation of their habitats. The pre-
sent paper discusses newt distribution in Nor-
way in relation to immigration, climate and dis-
persal barriers, and also to more recent human
interference. Since both newts, and especially 7.
cristatus are vulnerable to extinction in many
parts of Europe, and since the reasons in many
cases have not been known, special emphasis
has been put on the most serious threats to
newts in Norway today.
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DISTRIBUTION AND HABITATS

Triturus vulgaris (L.) in Norway is distributed in
two discrete areas: a) Southeastern- and
southern Norway, mostly in the lowland, from
the Swedish border along the coast to Stavanger.
In the Osterdal valley district it is found as far
north as Ytre Rendal, in the Gudbrandsdal val-
ley up to Fron and it is also found at Lesja, while
in upper Telemark it goes as far east as Tokke
and Vinje at 700 m altitude. b) Central Norway
from Surnadal and Oppdal, mainly in the in-
land, east of the Trondheimsfjord to Grong and
Namsskogan. An apparently isolated population
exists at Vefsn. The distribution of 7' vulgaris in
Scandinavia and Finland is shown in Fig. 1.

T. cristatus (Laurenti) is distributed in three
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Fig. 1. The distribution of Triturus vulgaris in Scan-  (1943), for Sweden on Gislén & Kauri (1959) (plus
dinavia and Finland. Areas in Denmark, South Swe- one find by Olsen 1974 and one by Dolmen 1981a),
den and Finland where the newt is common, are loo-  for Finland on Terhivuo (1981). Areas more than 500
sely hatched. For Denmark the map is based on Pfaff m above sea level are densely hatched.
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Fig. 2. The distribution of Triturus cristatus in Scan-
dinavia and Finland. See legend to Fig. 1.

areas: a) Southeastern Norway, in the lowland,
from the Swedish border, on both sides of the
Oslofjord, to the Skien area. Northwards it is fo-
und as far as Helgoya at Mjesa, and Leten and
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most northerly at Ytre Rendal. In Telemark it
goes as far as Seljord and Kviteseid at 600 m alti-
tude. b) Southwestern Norway between Hauge-
sund and Bergen. c) Central Norway from Rin-
dal, sporadically inland, to Levanger, and, at the
coast, on the Fosen Peninsula. In addition to the
abovementioned local areas some uncertain
finds of newts are reported further north. The



distribution of 7. cristatus in Scandinavia and
Finland is shown in Fig. 2. Further details of
Norwegian distribution are given elsewhere
(Dolmen, in press b).

With respect to pool size and water quality, 7.
vulgaris has been shown, in both areas, to live
and breed in a variety of different locality types.
T. cristatus is apparently somewhat less eurye-
cious, but both species occur within wide ranges
of e.g. H* -ion concentration, dystrophy, and
Ca+ *+ content. In southeastern Norway 7. cris-
tatus is found in many eutrophic localities (cat-
tle-ponds and clay basins) in the lowland, but in
Telemark further west and in southwestern
Norway, in dystrophic localities. In central Nor-
way T. cristatus has been found only in dystrop-
hic, and often acid, localities. T. cristatus is a
markedly more aquatic species than 7. vulgaris,
and on land it seems to prefer the damper hi-
ding-places (cf. Dolmen 1981b, and in press b).

IMMIGRATION AND DISPERSAL
BARRIERS
The immigration to the Scandinavian Peninsula

From their refuges in the Mediterranean, in
their dispersal period after the Ice Ages, T. vul-
garis and T. cristatus have been thought to have
reached the Scanian area by a land bridge du-
ring the early Boreal age (Boreal age:
7500—5500 B.C.) Johnsen 1935, Gislén & Ka-
uri 1959, see also Dolmen 1976). The favourable
climate (Hafsten 1960, 1963, Berglund 1968),
together with the existence of many favourable
habitats, allowed the newts to prosper and dis-
perse rapidly north- and westwards from South
Sweden during the next millennia.

As a result of the climatic conditions during
the Atlantic age (5500— 3000 B.C.), and the fol-
lowing relatively warm and dry Sub-boreal age
(3000— 500 B.C.), the lower parts of the Scandi-
navian alpine region were forested, the upper
timber-line being situated at least 400 — 500 me-
tres higher up than today. Bogs and marshes
also grew during the Atlantic age (cf. Hafsten
1960, 1963). Newts should therefore be able to
force the mountain passes from southeastern
Norway to southwestern Norway, and also
from southeastern Norway and from Jiamtland,
Sweden, to central Norway. The latter passes
are partly forested also today (by Pinus silvestris
and Betula pubescens). Even though T. vulgaris
and T. cristatus are mainly lowland animals,
they can, as shown by the present investiga-
tions, also be found at localities in Norway more
than 600—700 m above sea level. In Central-

and South Europe they may often reach altitu-
des of more than 1000 m and even 2000 m (Ste-
ward 1969, Arnold et al. 1978); for .T. vulgaris
in the Carmche Alps 2250 m is mentioned by
Freytag (1954).

The immigration to southwestern Norway

Both newt species have been found in upper Te-
lemark, at least as far up as 600—640 m above
sea level (a.s.l.), and T. vulgaris at 700 m a.s.l. In
all likelihood they have also survived until re-
cently (or still?) at about 900 m a.s.1: (Dolmen, in
press b). .

The mountain passes from the southeastern
parts of Norway to the southwestern parts, e.g.
via Haukeligrend — Haukeliseter, are situated
about 1000 m a.s.l. These areas would, during
the Atlantic age (see Hafsten 1960,.1963), have
an even better climate for the newts than newt
localities 400 m lower down have today. 7. cris-
tatus therefore probably dispersed to southwes-
tern Norway through these passes: its absence
from southern Norway also supports this the-
ory. T. vulgaris, however, has shown that it can
go higher up in the highland and has a greater
ability to disperse than T. cristatus (Steward
1969). The question is therefore why T. vulgaris
is absent from (or extremely rare in) southwes-
tern Norway. Its path over the mountain passes
would have been shorter and easier than for 7.
cristatus. One possible answer is that it did cross
the mountains, but was later eliminated by a
worsening of the climate during the:Sub-atlantic
age (500 B.C. up to present time).

The immigration to central Norway.

The immigration theory of Johnsen (1935) and
Kauri (1959, 1970), viz. that 7. vulgaris has dis-
persed to central Norway from Jamtland, is
strengthened by the fact that both species have
earlier been found in the Meraker border moun-
tains, just on the watershed (Dolmen, in press b).
The actual lakes, Smavannene, are today situa-
ted a few tens of metres above the local upper
timber-line (Pinus silvestris). Further northwest-
wards from this atypical newt locality, down the
valley, there are numbers of ponds and tarns,
where newts have not been found, but which
could apparently keep a newt population today.
Most probably the apparent absence of newts in
the Smavannene lakes today is due to the intro-
duction of fish (Bjerna Bendiksen, Stordalen,
pers.comm. 1972). The lakes are situated app-
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roximately 40 km from the nearest known Nor-
wegian locality for T. vulgaris and T. cristatus
(at Flora, Stjerdal), and about 70 km from the
nearest Swedish find of the species (Underséker,
see Gislén & Kauri 1959).

Probably more than one pass between Jamt-
land and central Norway was forced by the
newts, while some possibly also came in from
southeastern Norway. The lowest passes from
Jamtland to Trendelag, are not higher than
500—600 m a.s.l. Some mountain passes from
southeastern Norway to Trendelag are lower
than 700 m altitude, and may also have been
suitable dispersal routes. An unce: tain record of
newts exists from Reros (Dolmen, in press b).

Fig. 3. The current-situation in parts of the Trondhe-
imsfjord, and the distribution of Triturus cristatus. A
raft drifting from Stjerdalen can easily end up at
Frosta/Levanger or on the Fosen Peninsula, e.g.
Leksvik.

The crossing of sea barriers

In which way 7. cristatus reached the Fosen Pe-
ninsula in central Norway is difficult to say. The
distribution pattern does not indicate a dispersal
route around the Trondheimsfjord. Crossing the
fjord on floating trees or logs is, however, a
possibility: Some of the great water masses from
the Stjerdalselva River flow right across the
fjord (Fig. 3), and it is possible that a log coming
down the Stjerdalselva River would run agro-
und on the north side (Per Jacobsen, NTH
Trondheim; pers.comm. 1976). It is also known
that many individuals of 7. cristatus may hide
together between the bark and the wood of
dead, fallen trees (Dolmen 1976). If such a tree
was taken by the river during the spring flood
(or a clay slide) in Stjerdalen, where both newts
are present, it might easily carry newts across
the fjord to where 7. cristatus also in fact has
been found. The salt content in the surface layer
of the Stjerdalselva fjord current today, during
the spring flood, may be less than 5—10 %o,
even at a distance of several kilometres from the
river mouth.
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The tolerance to salinity in 7. vulgaris, which
is probably a bit hardier than T. cristatus (Dol-
men 1981b), can be seen from the fact that 7.
vulgaris larvae have been found to live even in
water with about 4 %o salinity (Dolmen, in press
b): Two living T. vulgaris larvae were discove-
red in a rock-pool in southeastern Norway, but
three or four additional larvae were newly dead
(probably because of increasing salinity due to
evaporation, or the very high temperature in the
pond). Lonnberg (1920, 1925) has shown that
adult 7. vulgaris can even tolerate a sojourn in 6
%o salt water (brackish water in the Baltic Sea
east of Stockholm, Sweden) for more than a day
and night, without seeming to take any harm.

T. vulgaris has also been found in small rock-
pools exposed to splash from the sea on some
small skerries outside Kristiansand in southern
Norway. The newts lived here together with
marine elements like coelenterates. The specific
conductivity, however, of the pond water was
not more than 350 pS/cm, and the pH 6,4 (Ing-
var Spikkeland, Oslo; pers.comm. 1977). The lo-
calities are situated some six-eight kilometres
out from the Otra River mouth at Kristiansand,
and the dispersal may have occurred by passive
floating on trees or logs out to the small islands.

According to Lonnberg (1920) a similar hy-
drochore dispersal may have brought 7. vulga-
ris out to the outer islands of the archipelago
east of Stockholm, Sweden, more than ten Kilo-
metres from the mainland. Johnsen (1935) sup-
poses that the occurrence of 7. vulgaris at the
Hvaler Archipelago, outside the mouth of the
Glomma River, in southeastern Norway, even
as far out as Akeroya, can be ascribed to disper-
sal by rafts.

The crossing of sea barriers such as fjords and
coastal waters thus seems to have taken place in
many instances near the outlet of big rivers.

It is also highly probable that the occurrence
of T. cristatus (perhaps also T. vulgaris) on the
Aland Archipelago, between Sweden and Fin-
land, should be attributed to a similar passive
dispersal. The first islands of this archipelago
would effectively reduce the chances of a suc-
cessful rafting from Sweden further to the Fin-
nish mainland. This may explain why 7. crista-
tus has been found so frequently in the western,
main parts of Aland, but not on the great many
islands further east and on the Finnish main-
land, a problem mentioned by Terhivuo (1981).

It is also worth mentioning that at the north-
western outpost of the distribution of 7. vulgaris
in southern Norway, in the Stavanger/Jaeren
area, no big rivers exist. The adjacent fjord ares

(Boknafjord) is, moreover, very broad and with
numerous small islands, which theoretically
would have hindered newts on a drifting raft
from crossing successfully.

Possible climate dispersal barriers in
southwestern Norway

In southwestern Norway, and also in the coastal
part of central Norway, T. vulgaris is rare or ab-
sent. T. cristatus, however, is present in both
areas. Possibly 7. vulgaris tolerates the coastal
climate less well than T. cristatus.

Olsen (1974) showed that at Stavanger/Jeren
in the western part of southern Norway, 7. vul-
garis needs as much as four months for larval
development, before the metamorphosis in mid-
September. Larval hibernation under the ice co-
ver of the pond is quite common, but not favou-
rable. He therefore assumed that southwestern
Norway (here defined as the area right north of
Stavanger: Haugesund-Bergen), which on ave-
rage has slightly lower temperatures than Sta-
vanger and Jeren, is too hard climatically for T.
vulgaris.

A climate barrier for T. vulgaris north of Sta-
vanger can hardly be fully proved, however; in
contrast to the finds by Olsen (1974), a few lar-
vae collected at Klepp, Jeeren 1971, had attained
full metamorphosis size as early as the end of
July (cf. Dolmen, in press c). It is reasonable to
assume that the many fjords, especially Bokna-
fjord with its many branches, and the many
high mountains in the Ryfylke area, constitute
the most serious dispersal barriers northwards
for T. vulgaris.

The average winter temperature may be
much the same in the Stavanger/Jeren area and
in southwestern Norway, but the number of
days with a temperature above 0°C is lower in
the southwestern Norwegian fjord area (in
which T. vulgaris does not live, but 7. cristatus
does) (Pedersen 1968). The Stavanger/Jeren.
area has also a slightly longer summer (the num-

_ber of days warmer than 10°C) (Pedersen 1968,

Sund 1968), but locally the summer average
temperature in southwestern Norway may be as
high as — or even higher — than at Sta-
vanger/Jeren (Ekman 1922, Johannessen
1963). There is no noticeable difference in the
number of yearly plant growth days (Johannes-
sen 1977). From Table 1 it is seen that on the av-
erage the climate stations in inner southwestern
Norway have the same number of clear days as
Stavanger/Jeren during the summer; the num-
ber of fully overcast days, however, is higher,
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Table 1. Monthly number of days with various weather phenomena, and mm pfecipitation; standard normals

from 1931 —60, according to Bruun & Haland (1970).

Monthly number of days with rain . .

overcast days . . .
J A

Locality M J A M S
Stavanger/Jeeren
Obrestad 13.1 15.0 157 16.9 20.1 7.2 7.8 10,6 10.1 107
Klepp 12.7 153 16.5 17.7 20.5 7.7 9.0 106 10.1 10.0
Sola 13.5 15.1 156 183 208 8.8 11.0 122 105 9.2
Stavanger 13.3 152 16.3 17.8 199 99 119 116 128 126
Southwestern Norway
Sauda 12.8 16.7 18.2 18.6 20.6 11.3 14.1 15.8 15.2
Indre Matre 149 176 19.7 192 20.5 11.9 144 165 145 16.1
Bergen. Fr.berg 155 185 19.6 193 214 125 142 166 154
clear days mm precipitation
- Locality M J S M J J A S
Stavanger/Jeren
Obrestad 59 34 18 22 21 51 72 90 108 153
Klepp 75 52 32 38 33 — — — — —
Sola 54 29 19 23 20 98 69 89 108 122
Stavanger 58 45 23 25 21 51 78 97 111 140
Southwestern Norway
Sauda 56 33 20 28 28 83 120 121 155 217
Indre Matre 6.1 40 30 29 28 110 180 173 228 —
Bergen, Fr.berg 45 34 19 26 20 83 125 141 168 228

and also the number of days with rain slightly
higher. The monthly averages of the daily mini:
mum temperature are also distinctly lower in
southwestern Norway than in the Sta-
vanger/Jeren area during the summer (Bruun
1967, see also Ekman 1922). The most conspi-
cuous climatic feature of the fjord area in south-
western Norway, however, is the great amount
of monthly precipitation, which may be more
than twice that of Stavanger/Jeren e.g. (see also
Wallén 1968, Johannessen 1977). All these fac-
tors naturally work on the flora elements e.g.:
the Nemoral biotic zone ends exactly in the Sta-
vanger area (Sjors 1963).

There are two or three factors which may dis-
favour T. vulgaris compared to T. cristatus in a
cool and humid climate (southwestern Norway):
its preference for a high water temperature
(23,5°C, against 20,6°C for T. cristatus, accor-
ding to Striibing 1954), and the fact that 7. vul-
garis is a relatively short-lived animal (Hags-
trém 1977, 1979a,b; Dolmen, in press c). Pro-
bably it cannot therefore put up with successive
breeding failures. A third possible factor is the
difference in hygro- and hydrophily of the two
species (Dolmen, in press b).
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The influence of the climate on the distribution
of newts on the Scandinavian Peninsula

The. distribution of newts in Norway falls wit-
hin the areas where the last frost night is nor-
mally recorded some time between 21 May and
1 June (cf. Myklebost & Stromme 1963). Terhi-
vuo (1981) points out that most records of T.
vulgaris in Fennoscandia refer to regions where
the annual length of the vegetation period (a da-
ily mean temperature of > 6°C) is 140 days or
longer. This, however, does not apply so well to
Norway, especially coastal Norway, where 160
days seems more appropriate. One of the factors,
perhaps the most important, for growth and dis-
tribution of the newts is thought to be the heat
sum of the summer halif-year, and — especially
for the metamorphosis — the maximum tempe-
ratures in the water. This is only partly reflected
through the July isotherms (see Ekman 1922),
towards west (milder spring and autumn) and
north (longer daily radiation- and twilight peri-
ods) the newts seem to tolerate a lower July tem-
perature (longer hunting-day; see Dolmen, in
press a). In southeastern and southern Norway
the main distribution of the speccies roughly fol-



lows the 15°C-isotherm for July (cf. Ekman
1922), but T. cristatus does not go further west
than Skien. It is possible that certain edaphic fac-
tors are involved in the distribution of T. crista-
tus, e.g. Ca-content underground (see Dolmen
1981b). T. vulgaris goes further west, to Sta-
vanger, and its area crosses the 14°C-isotherm at
Lista/Lindesnes. In southwestern Norway 7.
cristatus also lives within the 14°C zone, in cen-
tral Norway even partly within the 13°C zone.
Like T. vulgaris the other part of its distribution
area comes to lie within the 14°C zone: around
central parts of the Trondheimsfjord. In Sweden
the main distribution areas of both 7. vulgaris
and 7. cristatus lie within the 14°C-isotherm,
except for some isolated records in the far north,
and also the area around Lake Storsjoen, Oster-
sund, which has an average temperature of
about 13°C in July.

For the diurnal larvae, beside the daily air
temperature, also the amount of sunshine sho-
uld be important, as this increases the water
temperature. Central Norway and the Stor-
sjoen/Ostersund area in Jamtland, Sweden,
have the same normal temperature in June (cf.
Ekman 1922); the plant growth season, how-
ever, is much shorter at Storsjoen (120—140
days compared to 160— 180 days in the central
Norwegian lowland (cf. Johannessen 1977). Ne-
vertheless, the growth of T. vulgaris larvae is
just as good at Storsjoen as at the best localities
in central Norway, and metamorphosis may
even take place earlier (Dolmen, in press c; see
also Olsen 1974). The reason is probably the lar-
ger amount of clear weather in Jamtland (cf.
Wallén 1968; for further discussion see Dolmen,
in press ¢).

It has been shown (Dolmen, in press c) that
the growth of newt larvae in central Norway is
not much slower than in southeastern Norway.
Moreover, larval hibernation as described from
South Scandinavia (e.g. Collett 1918, Gislén &
Kauri 1959, Hagstrom 1927b, Olsen 1974) has
never been observed in the northern distribution
area (even though the latest 7. vulgaris larvae
have been collected as late as 30 October, and a
few times from under thin ice cover in the au-
tumn), nor in north central Sweden (cf. Olsen
1974; Dolmen, in press c). Metamorphosis thus
generally takes place relatively early in central
Norway. The mid-summer light condition in the
north presumably compensates for the higher
temperatures further south, both influencing the
growth.

The maturity of newts in central Norway is
reached one year later, at least, than at similar

biotopes in southeastern Norway. In 7. vulgaris
the first breeding takes place when 3 + and 2 +
years old, respectively, in the two areas (Dol-
men, in press ¢). At the northernmost localities
(Vefsn), however, the growth and maturing pro-
cesses are much slower. Unfavourable climatic
conditions, the absence of a real dark/twilight
period (night < § lux) e.g., thus possibly limit
the distrioution of the species further north.

One of the northermost Swedish populations
of newts, at Stensele (now eradicated; see Dol-
men 1978b), situated at 470 m altitude, probably
survived because of neoteny (Kauri 1959). The
climatic conditions so far north and so high
above sea level in a dry region have probably fa-
voured neoteny instead of the normal aqua-
tic/terrestrial alternation. Neoteny is otherwise
very rare in Scandinavia, and has been found
only once in Norway (see Dolmen 1978b). At
the Vindelgransele locality, not far from Sten-
sele, but situated at only 340—350 m altitude,
the size of the T. vulgaris larvae seemed to be no
less than for central Norwegian larvae from the
same time of the year (mid-July), but little is
known about the adults (Dolmen, 1981a, and in
press C).

PROFITS AND THREATS
Man’s influence on the amphibian fauna

Human activity, especially in earlier times, may
have had a positive influence on the amphibian
fauna and also, locally, on the dispersal of the
newts. The digging of numerous drinking-water
basins and wells for man and cattle, in southeas-
tern Norway e.g., as mentioned by Dolmen
(1980), has given both newts splendid breeding
conditions. There is also a possibility that newt
eggs and larvae could have been carried, invo-
luntarily, by man from one district to another,
during the transport of live fish fry for introduc-
tion to new areas: Johnsen (1935) guessed that
the anthropochore dispersal of Carassius vulga-
ris, Cyprinus carpio, and possibly Esox lucius,
may have taken newts to new areas; it has also
been proposed (Lund 1964) that aquarium kee-
pers might have set out newts in new areas after
having kept them for some time as pets. These
hypotheses, however, were put forth at a time
when the distribution of the newts was still little
known and appeared to be very discontinuous
and scattered. Although a few attempts of ant-
hropochore, voluntarily long-distance dispersal
of newts are known (both unsuccessful; see Dol-
men, in press b), it is believed that any such
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transports take place mainly within the area al-
ready occupied by the species.

Human activity has also in different ways
made the newts less common. The detrimental
effect of the introduction of fish to a newt loca-
lity is mentioned in a separate section. Other-
wise, intensive cultivation and afforestation
have destroyed many newt localities (cf. Hags-
trom 1981a). Dolmen (1976) mentions that 35
known newt localities in central Norway have
been destroyed by draining and filling-in during
the last thirty years (see also Dolmen 1978a).
For T. cristatus this makes up to 22% of all lo-
calities known, and some more are threatened
(additional 12%) (cf. Dolmen 1981b). Even
where the pools have been destroyed the newts
may return for breeding, hoowever. The philopa-
try of T. vulgaris for its particular breeding-
pond (cf. Dolmen 1981c¢) has been illustrated by
an example by Dolmen (1976). The newts still
gathered year after year in the springtime, altho-
ugh never getting an opportunity to reproduce
before the partly filled-in pools dried out.

Acid precipitation is probably a great problem
to newts, especially in southern Norway, in the
acid bedrock complex region, where 7. vulgaris
occurs very scantily. 7. cristatus, however, has
probably never existed in this area (cf. Collett
1918). During the last few years acid precipita-
tion has become a serious problem in most of
this region (see @kland 1969, 1979, Brakke
1976, Statistisk Sentralbyra 1976 e.g.). Even
though the acidity destroys the fish in these
lakes (cf. Leivestad et al. 1976), giving the newts
a chance to occupy new areas (cf. Andrén et al.
1978, Hagstrom 1981b), the water would very
soon get too acid for the newts as well (Dolmen,
in press b).

In southern Sweden changes of the landscape
and a lowering of the ground-water level, toget-
her with acid precipitation have caused a serious
decline in the amphibian populations (Hagstrom
1972a, 1975, 1981b). Declines of the amphibian
fauna and changes in density, however, can also
be ascribed to the fact that many of our herpetile
species in Scandinavia live at the northern mar-
gins of their distributional areas, and therefore
may show density fluctuations even with small
climate changes.

The impact of fish predation

One of the most serious problems for local newt
populations in Scandinavia today is fish intro-
duction to ponds and tarns. The impact of fish
predation on a newt population may be fatal.
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Even though T. vulgaris has been reported to
live in fish ponds (Vogel 1966), and both species
are said to cause great harm to fish fry (Sjogren
1947, 1973), the experience of the author is that
introduction of fish to a newt locality usually is
catastrophic for the newts. This effect has been
noticed with Salmo trutta in a number of cases
(cf. Dolmen 1976, 1981b).

Newts have in Norway very rarely been fo-
und in fish-ponds or -tarns. Only in about 12 lo-
calities in central Norway has 7. vulgaris been
found (only one or a few specimens) together
with S. trutta. Most of these localities are refer-
red to by Dolmen {1976). In only four of the
lakes is the newt population of any size, and in
these lakes the amphipod Gammarus lacustris is
also found to be fairly abundant and possibly be-
ing preferred as a prey by the fish («search ima-
ge» cf. Sviardson & Nilsson 1964, Pianka 1978).
No population of T. cristatus in central Norway
has ever been found together with S. trutta.
When S. trutta has been successfully introduced
to a newt locality 7. cristatus has always disap-
peared shortly afterwards.

- T. cristatus has proved to be much more vul-
nerable to predation from S. trutta than T. vul-
garis, probably because the 7. cristatus larvae,
at least for a time, live a nectonic life and are ea-
sily detected by the fish. Those of T vulgaris are
benthic, more cryptically coloured, and usually
keep to the shallow near-shore parts of the lake,
relatively rich in vegetation, where the fish oc-
cur less commonly. As shown from stomach ex-
aminations of S. trutta, not only newt larvae,
but also adults, at least of 7. vulgaris, are eaten
by fish (some cases are mentioned by Dolmen
1976).

The occurrence of Gasterosteus aculeatus
seems to have a similar detrimental influence on
newt populations. 7. cristatus in central Nor-
way has never been found together with G. acu-
leatus, and of more than 180 localities for 7.
vulgaris in central Norway only 4 or 5 of them
are known to keep a population of G. aculeatus,
and these localities are quite special (for details
see Dolmen 1976). The detrimental impact of
this fish on newt populations is also mentioned
by Smith (1964) e.g., who states that «introduc-
tion of sticklebacks into a pond has been known
to clear it of newt larvae in a few months».

G. aculeatus is very common in the central
Norwegian lowland, up to the upper postglacial
marine limit, which is at about 200 m altitude in
central parts of Trendelag (Holtedahl & Ander-
sen 1960). But the fish has reached even higher
up some places, and may inhabit ponds or tarns



in forest or bog areas. The distribution of G. acu-
leatus in ponds and tarns on floors of the low-
land valleys in central Norway is probably the
main reason for the absence of 7. vulgaris from
these valleys (for three exceptions, see Dolmen,
Sather & Aagaard 1975; Dolmen 1976). In the
Gudbrandsdal valley in southeastern Norway,
the distribution of T. vulgaris is associated with
the valley floor, and according to Collett (1918)
the newt is not found in the hills above. In cen-
tral Norway, however, the newt localities are al-
most exclusively situated in the hills above the
valley floor, at a fairly long distance from the ri-
vers, since most of the ponds and oxbow-lakes
historically have a near connection to the rivers,
which have a population of G. aculeatus. In the
Gudbrandsdal valley, however, this fish is ab-
sent (Huitfeldt-Kaas 1918). The occurrence of
certain species of fish in an area may probably
act as an effective barrier for the newts.

Many of the clay basins and cattle-ponds in
southeastern Norway, however, which keep a
population of newts, also have non-Cyprinus
cyprinid fish. These localities probably have no
big newt populations, but the impact of such
fish in many cases does not seem to be catastrop-
hic, not even for T. cristatus (cf. Beebee 1979).

The present dispersal capacity of the newts

The distribution of the newts in Norway can
partly be explained by the dispersal abilities of
the species in different parts of the country, al-
though the landscape has changed in various
ways in appearance through the ages. Know-
ledge about the ecological and geographic fac-
tors involved in the dispersal of the newts is also
very important when considering conservation
of these animals and their habitats.

When the amphibians invaded the Scandina-
vian Peninsula after the Ice Ages, they took ad-
vantage of a great number of excavated or dam-
med-up ponds and lakes, which made dispersal
easy. Over the years the number of suitable bre-
eding localities in many parts of the country has
diminished considerably, either by natural pro-
cesses or by human interference. The distribu-
tion area of the newts has therefore become sub-
divided on several occasions, and many locali-
ties are now isolated.

The success for pioneer populations depends
usually on the number of individuals involved,
population density and pressure, and reproduc-
tive rate are therefore important factors contri-
buting to dispersal phenomena (Udvardy 1969).
According to Hagstrom (1979b) a female newt

(both species) lays some 100—200 eggs. Because
newts live a very unobtrusive lite at least on
land, they may live more than 10—15 years in
nature (Hagstrom 1977, 1979a; Dolmen, in
press ¢) and the population can grow quickly
when first established, provided aquatic preda-
tors are not too numerous.

It is also known that, even though newts are
very philopatric animals (Dolmen 198Ic, cf.
Terhivuo 1981), and the terrestrial dwellings are
usually situated close to the breeding pond (Dol-
men 1981c), some (mostly young?) newts will
be on the move. T. vulgaris and T. cristatus
have been discovered up to half an English mile
(= 800 m) away from their breeding pond
(Simms 1969, Viertel 1976), and spring migra-
tions to the pond have been observed from a dis-
tance of several hundred metres (Heusser 1956,
Vilter & Vilter 1962, Dolmen 1976 and unpub-
lished). At a locality in central Norway the
newts (T. vulgaris) «immediately» invaded a
new pond formed in a slate quarry: The nearest
known newt pond is situated 400 m away (Dol-
men 1976). Similar examples have been repor-
ted by Warwick (1949), and Smith (1964) expla-
ins this new-colonization as due to random mo-
vements of the newts from a nearby pond. Dis-
persal can therefore easily occur from one sui-
table locality to another more than one half kilo-
meter away, and probably much further. This
applies also when newts lose their way to the
home breeding pond, as recorded by Cummings
(1912) (cf. Dolmen 1976, 1981c). The newts’ ol-
factory sence may probably be of great help in
the orientation (the smell of certain pond algae?)
(cf. Dolmen 1981c). The chance to reach anot-
her suitable breeding locality depends, however,
also on the number of such localities, their size
and form («catching angle») and the distance (cf.
Udvardy 1969). The success of dispersal and co-
lonizing of a new breeding area for newts is very
much similar to island colonizing, as dealt with
by MacArthur (1972).

Dispersal is slower and gene flow between
populations less frequent in central Norway
than in the lowland southeastern Norway. A
look at the map (series M-711, 1:50000) reveals
that in 30 randomly chosen 1-km-squares in a
region near Drebak (Oslofjord’ district in
southeastern Norway) at least 10 apparently sui-
table ponds can be found, and in the Horten —
Toensberg region, in the same district, 25 ponds,
while e.g. Verdal (central Norway) and Stjordal
show only 2 and 3 ponds, respectively. It is
known that none of these last mentioned ponds
have newts (a few smaller ponds not visible on
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the map have), but almost all the cattle-ponds
and clay basins. in the Oslofjord district have
newts. While most newt localities around the
Oslofjord thus are within relatively easy reach
for newts from other localities, a great many lo-
calities in the central Norwegian lowland have,
in practice, become isolated from each other.
Especially the relatively aquatic 7. cristatus wo-
uld have great problems to disperse to and thro-
ugh this cultivated land. Most of the difference,
— both areas are mainly arable, clayey lowland
— is probably partly due to more hilly lands-
cape in central Norway, but also to different far-
ming strategies and water storage practices in
the two areas (see Dolmen 1980); only a few far-
mers in central Norway usually dig out cattle-
ponds. In the boggy regions of central Norway
the number of sujtable ponds and tarns are often
far higher, e.g. 30 1-km squares show 32 bog
ponds and tarns for Skaun near Trondheim.
Another important aspect is that eutrophic
ponds, as those in the Oslofjord district, seem to
be more favourable with respect to growth and
maturing processes, both for newt larvae and
adults, than oligetrophic or dystrophic biotopes
(Dolmen, in press c). The reasons (food supply,
pH, altitude/temperature etc.) are not fully
known. '

Big or small stands of trees, bushes, ditches
and uncultivated’land between the many man-
made ponds, as seen e.g. in many parts of
southeastern Norway, are splendid dispersal
corridors. The '‘boggy areas in central Norway
are probably also fit for use, judging from the
high frequency of newt localities among bog
ponds and tarns. It should also be mentioned, as
pointed out by Johan F. Willgohs, Bergen
(pers.comm. 1978) that although southwestern
Norway generally is characterized by mountains
and many fjords, the distribution area of T. cris-
tatus there is covered by more or less continu-
ous pine (Pinus silvestris) forest with boggy
areas, forming what can be looked upon as a
broad dispersal «corridor» between the newt lo-
calities. .

Dispersal takes’place probably most often by
terrestrial juvenile newts (Bell 1977, Andrén et
al. 1978, Dolmen 1981c), but also dispersal by
aquatic newts along water-courses is thought to
take place. The positive rheotaxis shown for
newts during the breeding season (Dolmen
1981c), together with a tendency for newts to
climb uphill after breeding (Cummings 1912),
may have led many animals up into the upper
valleys and highlands. Newt localities on hill
tops are in fact surprisingly common in all parts
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of the Scandinavian Peninsula. Terhivuo (1981),
100, stresses the possible importance of river val-
leys for the dispersal of newts and other herpeti-
les in Sweden and Norway.

The greater dispersal ability of T vulgaris,
compared to T. cristatus (cf. Steward 1969), can
casily be explained from the relatively wide eco-
logical amplitude, less nocturnal habits, and
more terrestrial way of life in 7. vulgaris. In ad-
dition this species is less vulnerable to fish pre-
dation. In Norway, like in other European co-
untries, it is more common and has a slightly
wider distribution than 7. cristatus.

T. cristatus has only a relatively short period
of terrestrial dispersal each year (cf. Dolmen, in
press b). Also its aquatic habits and its relatively
short activity period each night in central Nor-
way must hamper the species in dispersal from
its bog areas, to occupy e.g. cattle-ponds (which
are very short-lived, geologically speaking) in its
northern area.

Small isolated populations of any animal spe-
cies (usually in the periphery of the distribution
area) are in danger of extinction, by natural cau-
ses like competition, predation, disease, changes
in habitat, or population fluctuations (MacArt-
hur 1972). Many such newt localities could be
mentioned (see maps). In addition, it appears to
be only a question of time until these localities
are destroyed by human interference: fish intro-
duction, draining, or filling-in.

Since the late 1800s up to the present time the
climate of Scandinavia has become milder (Jo-
hannessen 1963, 1970); but although many spe-
cies of homoiotherm vertebrates have shown a
clear dispersal northwards during this period of
time, no corresponding widening of area has
been observed in amphibians and reptiles. Euro-
pean herpetiles with their northern distribution
border in southern Sweden seem to be more or
less of relic nature (Terhivuo 1981). In Norway,
too, a decline in the northern herpetile popula-
tions and an extinction from the northermost
districts seems to iake place (Dolmen 1978a,
Terhivuo 1981). As in Finland, the northern
marginal populations of 7. vulgaris in Norway
are isolated from each other. Terhivuo (1981)
suggests that the site tenaciousness of this newt
means a low rate of dispersal, and hypothesizes
that in the long run many of the marginal popu-
lations of 7. vulgaris perhaps died out. A similar
situation seems to be present in Sweden (cf. Gis-
1én & Kauri 1959, Dolmen 1978b, 1981b).

Nothing in the situation seems to indicate an
expansion of the distribution of 7. vulgaris in
the northern region — the area has been thoro-



ughly investigated. Since an anthropochore dis-
persal by T. vulgaris to the Vefsn localities is
very improbable — they are not situated close to
any former or recent human dwelling — it is
highly probable that this northernmost local po-
pulation of T. vulgaris has relic status. The
newts in this area become sexually mature two
or three years later than in southeastern parts of
the country and in the district around the
Trondheimsfjord, and few newts seem to reach
the adult stage.

As seen from the summer isotherms (see e.g.
Ekman 1922) the Vefsn — Rana district, the
newts’ northern outpost, forms a «pocket» of fa-
vourable climate which may have enabled the
species to survive a period of climatical deterio-
ration. At least four other herpetile species ap-
pear to have their northern distribution border
in this region, although the populations are very
sparse (Dolmen 1978a).

It should be mentioned that the Stortjorna lo-
cality, Vefsn, is surrounded on three sides by la-
kelets/tarns in which Gasterosteus aculeatus is
abundant. The occurrence of this small preda-
tory fish in an area may probably act as an effec-
tive dispersal barrier for the newts. It also makes
the fate of the newt population in Stortjerna un-
certain. Unintentional introduction of G. aculea-
tus may come to be catastrophic for the newts.
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