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Impact of climate warming on Arctic benthic
biodiversity: a case study of two Arctic glacial bays
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ABSTRACT; The retreat of Arctic giaciers and a resultant increase in inorganic sedimentation is one
of the predicted consequences of global warming. In order to evaluate possible effects of these pro-
cesses on arctic benthic biodiversitv, the fauna of 2 glacial bavs, rvhich may be treated as represent-
ing the expected phases of the giobal warming scendno, have been studied, Based on surface rvater
temperature, type of glacrer and resultrng inorganrc sedir.neniation rates, 'Tikhaia Bay' off Franz Josei
Land was chosen to represent an Arctic bay before warming and'Skoddebukta', off west Spitsber-
gen, to represent a similar bay already affected by the predicted climate changes. Nlacrofarintr n.;rs
coliected at 35 stations in Skoddebukta and 44 stations in Tikhaia Bay. Different methods of nreasur-
ing faunal diversity (number of species, Shannon diversrty index, k-dominance plots) lvere applied to
data sets representing the similar habitats sampled in both bays; these shou'ed the fauna of Tikhaia
Bay to be more diverse than that in Skoddebukta. Thrs finding is explained by the lower level of dis-
turbance due to inorganic sedimentation and by better trophic conditions in the former location, both
of which are linked to the level of glacial acti.;ity. Thrs case study leads to the conclusion that one of
the consequences of ciimate warmrng for Arctic ecosystems lvl1l be a decline of benthic brodiversrty
ciue to an increase in mineral sedimentation frorn meltwaters.
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l.INTRODUCTION

One of the predicted consequences and signs of cii-
mate 'warming is the retreat of qlaciers, which is cur-
rently being observed in the Arctic. The Spitsbergen
tidal giaciers, for instance, are retreating at a rate of up
to 0.5 km vr-r (Kongsbreen glacier, Lefauconnier et al.
1994). Similar processes are taking piace in the
Antarctic-Vaughan & Doake (1996) reported the dra-
matic retreat of the most northerly lceshelves on the
Antarctic Peninsuia, u'hich they linked to tire atmos-
pheric warming observed for the lasi 50 yr. A glacial
retreat is accompanied by an increase rn meltwaier
outflow and a flux of inorganic partrcles that i.s

reflected in the deposits of fine-grained giaciomarine
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sediments lSvendsen et al. 19961. Syvitski & Andrews
(1994) have attempted to evaluate ihe changes in ilu-
vial sediment inflow in the Canadian Arctic, applving
numerical models to 2 different climate change scenar-
ros jnvolving a warming effect. In both cases they pre-
dicted a significant increase in sediment flux over the
next 200 yr.

Possible changes of marine biocenoses which may
foliow climate-driven deglaciation can be predicted by
comparing present environments which might be

treated as representing different stages of this process,
Thc nrpscnt strrdv fncrrses on ? -\retir alar^ia1 bays in
which the main ciifferences are water temperature and
the type oi glacrer ti,e. actively retreating 'warm' glac-
ier and a much less active 'cold' type). The study aims
to establish whether there is a difference in benthic
faunai diversity between the studied bays and how it
can be linked to the environmental differences. The
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results can be used to predict one of the possible con-
seontrnees n' the r-limare warminn tn the arCtiC eCO-

svstem.

2. MATERIAL AND METHODS

Macrofauna w-as sampled in Juiy 1980 in Skodde-
bukta, on the western coast of Spiisbergen, and in
Auarrst-Senlemher 199 1 and Arrorrsl 1992 in Tikhaia""J*"'

Bal' 6n Hooker Island, Franz Josef Archrpelago (Fiq 1).

The material was coliected using a rectangular dredge
(80 x 30 cm) in Skoddebukta and a triangle dredge
(30 r 30, 30 cmtin Tikhaia Bay, in both cases a mesh
size of 1 mm was used, and the samples were addition-
ally sreved on a 1 mm mesh. The material was pre-
served in 4 7i' formaldehyde solution.

The sampling sites were selected to cover the whole
^r +L^ L ! lo nel renresentalive m6fg1i3lqlEo Ul Llrtr UOyD qllU !u

from different habitats. The number and depths of
samples taken in different habitats (as described by
the bottom type, depth and the distance from the glac-
ier front) in both bays are presented in Table 1. The
muddy bottom at the forefields of the glaciers was clas-
sified as the habitat representing the bottom covered
by the glacier up to 1960 in Skoddebukta and up to
1957 in Tikhaia Bay,

In the laboratory the animals were taxonomicaliy
identified and counted. The diversity u,-as described by
the nrrmher nf qnpeies ne- snmnle thc Shannon-
Wlener index, and k-dominance plots. Natural loga-
rithms were used for Shannon-Wiener index calcula-
tions (Shannon & Weaver 1963), The k-dominance
curves were obtained by plotting percentage cumula-
tive abundance against species rank (Lambshead et al,
1983) Tbe analvses were perlormed ustng the
PRIMER programs package deveioped ai the Plymouth
Marine Laboratorl', UK,

Table 1, Number (depth range) of samples coilected in different habitats

Skoddebukta Tikhaia Bay

N{uddv bottom in the forefielcs ol the glocier
Shallow botrom covered rn rtn macrophvres
Shallow muddy bottom
Deep central bottom, muddr and sandy-muddy sedrments

7 (8-5s m)
5 (6-10 m1

3 (2-3 m)
14 (19-60 m)

L1 (s-35 m)
B (5-15 m)

L1 (s-20 m)
i4 (25-100 m)
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Fig. 4. Shannon-Wiener index values in the bays studied
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Fig. 2. Number of species per sample
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Fig. 3. Number of species per sample in the habitats studied:
(A) shallow bottom with macrophytes; (B) shallow muddy
bottom; (C) forefieids of a giacrer; {D) deep central bottom

3. RESULTS

107 species were identified rn Skoddebukta, 174 in
Tikhaia Bay. The list of species is not presented here,
as they were reported in Wesla'"vski. & Zajaczkowski
(1992) and Wlodarska ei al. (1996). The faunal diversity
anaiyses were performed on a set of all samples taken
in the studied bays and on subsets of samples taken in
4 habitats (Table 1).

The number of species per sample ranged from 5 to
64 in Tikhaia Bay and from 7 to 39 in Skoddebukta
(Fig. 2) The mean values observed for ali samples col-
Iected in the bavs were 22.2 and 19.7 respectively.
Mean values calculated for different habitats were
higher in Tikhaia Bay than in Skoddebukta, except for
the central deep bottom where in Skoddebukta it was
27,9 while in Tikhaia Bav it was 22.1 (Fiq.3\.

1.8

Fig. 5. Shannon-Wiener index vaiues in the habltats studied
A, B, C, D as for Fiq. 3

Shannon-Wiener diversity indices varied fi'om 0,39

to 2.49 in Skoddebukta and from 1.33 to 3,02 in Tikhaia
Bay (Fig. 4). The mean values for all samples collected
were 1.84 (Skoddebukta) and 2,3 fTikhaia Bay). Mean
values were higher in Tikhaia Bay in all habitats stud-
ied and the dlfference was the most distinct in case of
samples from the shallow bottom covered wlth macro-
phytes (Fig. 5).

Fig. 6 presents k-dominance curves for all samples
from the bays studied, as well as for all samples from
the different habitats. As the curves do not intersect,
the data sets are comparable in terms of iniristic diver-
sity (Lambshead at al. 1983). In all cases the curve rep-
resenting fauna from Skoddebukta aiways lies above
the curve representing fauna from Tikhaia Bay, indi-
cating that the fauna of Tikhaia Bay was more diverse
in ail habitats examined.

-l- r"t
! Mean+.SD

T-l Mean

T 
Mean-sD

+tiu
l
f

Mean "S D

Mean

iT=itilNIltl
Til'l

'l

i

ntl
r-1
1l
[]

T

I
tlLI TIIrr
r

!t 
i=r

t

^^i
I

I

221
.=

oc
I
E
o

-(D

+ Vean+SD

l-j iJean

'-i llean-SD
.+ [1in

--T--
I

Tlkhara Bay



o

s_-
z
E.o
dsa

ao

8zo
o

E

"50
:e

.2 oo

E--
uzo

l0

specres rank

100

species rank

4. DISCUSSION

The bays studied are similar regarding their geo-
graphical position in the Arctic, their overall size

(-2.5 x 3 km) and geomorphology, the presence of a

glacier (of 2 and 3 km giacier front iength), sediment
composition (mostly mud and sand-mud) and the salin-
ity of bottom waters (around 34 PSU) Weslawski
(1993a) The main differences are: surface water tem-
perature and the activity of the glacier. That is why the
ba1's can be regarded as representative of situations in

specaes rank

speoes ranK

Fig, 6, k-dominance plots for data sets: (A) all samples; [B)
shallow bottom wrth macrophytes; (C) shallou' muddy bottom;

(D) forefields of a glacier' (E) deep central bottom

different phases of a climate warming scenario:
Tikhaia Bay of an Arctic bay before warming and
Skoddebukta of a similar bay already affected by the
climate changes, The summer surface water tempera-
ture in Skoddebukta ranges from 4 to 6'C then
decreases to 1oC in bottom layers, forming a well-
defined pycnocline at depths of 20 to 25 m (own
unpubl. data). In Tikhaia Bay the waier column tem-
perature ranges from -0.7 to -1oC r,nrith a very weak
vertical gradient (Swerpel 19921. Torellbreen is a

'warm' active glacier typical of west Spitsbergen
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(Baranowskl 1977), while Sedov Lednik rs an example
of a'cold'type of glacier (Barr 1995), less active, calv-
rng during less than 1 mo in a year (Wesiawski 1993a).
That results in differences in the amount of giacial melt
w-ater and discharge of inorganic suspension to the
bays, whrch rs reflected in different levels of water
transparency: Secchi depth was 2 to 13 m in Frantz
Josef Land and 0.5 to 2 m in Svalbard glacier bays
(lVeslawski & Stempniewicz 1995). The large amounts
of inorganic particies affect the light regimes and
hence the primary production in Skoddebukta. Com-
pared with Svalbard waters, Tlkhaia Bay experiences a
prolonged bloom [Wiktor & Zajaczkowski 1992), and
hrgher amounts of organic particles can more rapidtv
reach the bottom due to r,veak stratification of the
water coiumn and hence easier sedimentation in
Tikhaia Bay.

In general, the diversity comparisons require the use
of strictly standardlsed methods of sampling and sam-
ple-processing; moreover, only simrlar habitats should
be compared (Sanders 1968, Warlvick & Ruswahyuni
1987). Therefore differences in sampling methodology,
especialllz in sampiing gear and the mesh size of the
sieve, made most of the investigations carried out in
Svaibard and neighbouring arctic sites incomparable
in terms of faunal diversity {Kendall 1994). In ihe pre-
sent study, 4 diff erent habrtats were chosen to provide
for comparability of data between both bays (in pairs of
data from the same habitat, within-habitat diversity)
and to present the material representative of the entire
benthic fauna of a typical arctic glacial bay. The diver-
sity measures applied have indicated the Tikhaia Bay
macrofauna to be more diverse then the Skoddebukta
one. That difference has been shown both for within
habitats comparisons of pairs of data from the 4 studied
habitats and for the data sets comprising all the sam-
ples taken in a bay. We assume that the main factor
resoonsible for lhese differences is that the hioher'--r.-'_-_-_.-
intensity of inorganic sedimentation induced distur-
bances in Skoddebukta.

Disturbance defined as 'an external force which
causes quantifiable deleterious changes to the organ-
isms in an environment' is regarded as an important
factor influencing the diversity of marine soft-bottom
communities (Lake 1990), Connell (1978) proposed
the'Intermediate Disturbance Hypothesi.s', which
has been incorporated in Huston s I19791 generai 'Dy-
namlc Equilibrium N{odel'. Huston (1979) stated that
high diversity is associated with significant frequency
or magnitude of disturbance and low population
growth rates. However, he assumed that disturbance
reduces the populations in density- and species-inde-
pendent ways and so affects all the popuiations in a

community in the same way. He agreed that under ex-
treme conditions the variabilitv of resDonses of differ-

ent species populations wili increase and the diversrtv
will be reduced. That is the case for communities expe-
riencing high ievels of lnorganic sedimentation, which
does not affect ali species in the same wav. Large
amounts of inorganic suspension are especially stress-
ful to suspensron feeding and sedentarv organisms, as

they may clog the filtenng organs and hinder therr set-
tlement; they can also inhibit reproduction in some
species tWilber 1971, Moore 1977). The low macrofau-
nal diversity in a number of arctic localities has been
attdbuted to disturbances connected with high inor-
ganic sedimentation induced by glacial or fluvial out-
flow fFeder & Jewett 1986, Kendall & Aschan 1993,

Schmid & Piepenburg 1993, Holte et al. 1996), which
has also occurred in other regions (Smith & Kukert
1996). The higher and more avarlabie prlmary produc-
tion in Tikhaia Bay must enhance the effect of distur-
bances induced by inorganic sedimentation and hence
enlarge the dlfference in diversitv betlveen the balls
studied. Gorlich et ai. (1987) indicated that the avail-
abiiity of food may be a limlting factor in high sedi-
meniation areas as organic matter is quickly diluted in
large amounts of sedimenting inorganic material.
Vloreover, animals have to spend much of their energy
on the regulatorv processes connected with the nain-
tenance of their position ln highlv unstable substrate,
i.e. muddy sediment continuousiv buried by the rain of
inorganic particles. Higher diversitv has been attrib-
uted to hrgher levels of primary prociuction and envi-
ronmental stability by Conneli & Orias (1964). Pnmarlr
production in arctic waters rs generally }ow compared
to temperate and tropicai waters (Subba Rao & Platt
1984) and the food supply reguiates the benthic bio-
mass, but is also one of the factors influencing the ben-
thic faunai diversity in Arctic food-limited systems

lGrebmeier et al, 1988, 1989).

The most obvious direct consequence of atmospheric
warming is the rise of coastai \,vater temperatures. The
possible magnitude of such a change is still being dis-
cussed, One of the models predicts upper ocean tem-
perature to increase by 21o 4'C in 25 yr lf atmospheric
CO2 concentration doubies (Bernal 1991). Gray (1997)

inciuded this phenomenon as a possible threat to
marine diversity, following observations of severe
damage ln corals caused by an increase in water tem-
perature by 2'C in the Caribbean. In our opinion, such
an increase ln water temperature lvill have a much Iess

pronounced effect on Arctic macrofaunal diversity.
lvlost of the species observed in Arctic waters thrive at
a relatively wide range of temperatures, as has been
shown for key species on Spitsbergen (Weslawski
1993b) and this is connected with the 1ow level of

endemism of Arctic fauna. However, rising tempera-
tures may induce a geographical shift of species and
rpsrrltant r-hanoes in L:^ri.-^-^i., --., ^^^Uf. OUfLrrurlyeJ lrr UlUUlvClSlLv lltOv ULL



results suggest that a significant decline in macroben-
thic diversity will follor.r'the increase in the amount of

inorganic material in coastai waters, which is one of

the predicted consequences of ciimate warming in
polar regions, The magnjtude of these processes will
obviouslv stem Jrom the maqnitude of cllmate and
associated cryosphere changes, while their geographi-
cal range will probabiy be restricted to waters in the
immediate vicinity of glaciers. However, the effects
may not be negiigibie, as in West Spitsbergen, for
example, glacier-influenced ba,vs occupy 30 % of
coastal waters (Weslau'ski et al. 1995).
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