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From photographic samples, we describe the benthic megafanal communities in two
north Svalbard fjords and on the adjacent continental shelfwe analyze the fauna in
relation to abiotic factors of depth, bottom water temperatire, percent cover of hard
substrata, heterogeneity of stone size, and bottom-waterurbidity to explore how these
factors might affect the fauna and how they are related to thdunctional traits (size,
morphology, mobility, colonial/solitary, and feeding typ) of the megabenthos. Depth
and bottom water temperature were consistently the strongst correlates with faunal
composition and functional traits of the constituent speas. A greater proportion of
the variability in the functional traits of the megabenthosould be explained by abiotic
factors rather than faunal composition, indicating that tb abiotic factors of depth and
temperature were strongly related to the functional traitof the megabenthos. On a
local scale, stone size heterogeneity explained most vatian in the functional traits
of the megabenthos in one fjord. The results of this case stud show a signi cant
relationship between bottom water temperature and the funttoning of north Svalbard
megabenthic communities. If our results are representatév for other areas, warming
temperatures in the Arctic may decrease the variety of funiinal traits represented
in Svalbard megabenthos, resulting in scavenger-dominatecommunities. A reduction
in megabenthic biomass may also result, reducing energy aviability to higher trophic
levels.

Keywords: Svalbard, benthic, image analysis, functional div ersity, monitoring

Introduction

The interplay between regional- and local-scale factorsisngortant determinant of diver-
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sity in biotic communities Ricklefs, 198)7 and marine benthic diversity can be in uenced by
factors at a variety of spatial scalgsuft and Piepenburg, 2003; Gage, 2004; Robert et al.,
2019. In the Arctic, environmental drivers such as depth, beaotliood supply, and bot-
tom oxygen aect megabenthic communities at regional scated factors such as substra-
tum type and disturbance may be just as important in structgrintommunities on more
local scales Kuklinski et al., 2006a; Roy et al., 2)1&ensitivity of benthic communities

to abiotic factors, therefore, will vary in dierent ways aesothese dierent scales, and
this must be considered when monitoring programs are desigaed their ndings are
interpreted.
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Benthic communities o the Norwegian archipelago of Sval-spatial scales by comparing stations among and within fjod an
bard are inuenced by a variety of factors, including watershelf areas.
mass distribution, sedimentation, climate forcing, aability of
biotic and abiotic substrata, disturbance, and food ingritfen-
burg et al., 1996; Kuklinski et al., 2006b; Carroll and Andearo
2012; Kedra et al., 2012; Kortsch et al., 2012; Ba azy ahd Ku
linski, 2013; Ronowicz et al., 2Q1Despite recent research
eorts (Sswat et al., 20),50ur understanding of how abiotic
factors in uence the megabenthos around Svalbard remains |
ited. As future climatic changes are likely to be more dramat
in the Arctic than in other regions ACIA, 2006; Mora et al.,
2019, itis especially important to understand what factors in u-
ence these communitie3érgmann et al., 2011; Nephin et al.
2019.

Methods

Study Area

Photographs of the seaoor were recorded in Raudfjorden,
Rijpfijorden, and on the north Svalbard shelfigure 1).
Raudfjorden and Rijpfjorden are both predominantly north-
facing fjords in the northern part of the Svalbard archipelago.
Both have a maximum depth between 200 and 25CHwlie
and Gulliksen, 1998; Wang et al., 2).1Raudfjorden consists
"of a single basin and has a sill at the fjord mouth that rises to a
depth of 130 mifolte and Gulliksen, 1998Rijpfjorden has a sill

terg(s)trgzl ?r:?)ugtegicf)vgiltlgiilI)/etyzrnigbafll:r}zrgeg \ﬂlr)]/a”;:jeerg]iteedn b¥1alfway down its length but opens widely onto a shallow shelf a
Y 100-200 m depthAmbrose et al., 2006; Wang et al., 213

considered to be subsets of shelf fauna, but recent evidence Raudfjorden is largely in uenced by Atlantic Water, a warm,

2?%?%2% 1;2hICSEeIr?erna(I)It agw(?g;ir:zeinc;i“eg?t?/rissk?)-tfs Oev;/\i%z?rl;msaline water mass that continues onto the north Svalbardf she
N Y, (Muench et al., 1992; Holte and Gulliksen, 1998; Rudels et al.,

outer to inner fjords, and this is usually attributed to grad . . . . .
ents of glacial sedimentatioriG@rlich et al., 1987; W odarska- .2005' lt. also experiences a relqtlvely high rate of inorganic sed
X ' imentation at 0.1-0.2cm yeat in the outer part of the fjord

Kowalczuk et al., 2005, 201 Benthic megafaunal biomass and . . - . ) .
diversity are also generally lower in Arctic fjords compatethe (Elvgrhzl etal., 1993with seq|mentat|on rate increasing toward
the fjord head {olte and Gulliksen, 1998

shelf, a pattern that again is attributed to inorganic seditagion In contrast, Rijpfjorden is a “true” Arctic fiord as itis primiy

(Z%)Stskl etal., 1989; Piepenburg et al., 1996; Grange arm’Smlin uenced by Arctic water and remains covered by ice for most

. . . of the year, from October to June or Julylg¢rata et al., 2013
In the present analysis, we describe from photographic 'Ma%&Hhe melting process is dynamic, with snowmelt re-freezinigas
the benthic megafaunal communities in two Svalbard fijondd a '

on the north Svalbard shelf, as well as the dominant abiatic f in the late spring (Vang et al., 2013 Even after landfast ice in

tors that appear to structure these communities. We focus irl$|]pfjorden has melted, ice oes are brought into the fjord by

particular on functional traits of the benthic fauna surface currents from the northeast, with the result thapRgr-

X . . - . den is covered by sea ice in various forms for most of the year
Functional traits describe what organisms actually do in a(Ambrose etal., 2006; Leu et al., 2 Because of its “true” Arctic
community rather than their taxonomic classi cation®¢tchey " ’ v

and Gaston, 2002 Communities with greater functional diver-
sity may be more resistant to invasion, have greater progtcti
ity or more e cient resource use, and provide a wider array
of ecosystem services than those with lower functionalrdive
sity (Mason et al., 2005; Petchey and Gaston, p.CBé@nctional
traits of the fauna may be more useful in explaining ecosystem
processes than taxonomic analyses aldviek@ny et al., 2008;
Bremner et al., 20)3 Evenness of functional guilds has been
found to decline from outer to inner regions of Svalbard {er
with fewer suspension feeders, and more mobile, deposit+igedi
organisms found in inner fjords\W odarska-Kowalczuk, 2007;
W odarska-Kowalczuk et al., 201ZThis most likely in uences
the complexity of ecosystem processes carried out by the bgnth L
along the fjord gradient. N\ —§ ‘ /8% N
We set out to discern how the abiotic factors of depth \
water temperature, availability of hard substrata, storee si
heterogeneity, and inorganic sedimentation are related t
megabenthic communities in north Svalbard fjords and on the
nearby shelf. On the basis of previous macrofaunal studies, w
I
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expected that sedimentation would have a dominant e ect o
abundance and diversity. We also expected that assembléges o
organisms with di erent functional traits would be found in | FIGURE1 | Map of sampling stations in_ north Svalbard. Dgpth contours
di erent areas—shelf and inner and outer fjords—as a result 2 S1OWn every 150m. WSC, West Spitsbergen Current (Atlaiot Water);

. .. . . . ESC, East Spitsbergen Current (Arctic Water).
of the inuence of abiotic factors. We investigated di erent
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character, Rijpfjorden has been the site of several studggriel  post-hopairwise comparisons. Multivariate analysis of similarity
to predict the e ects of climate change on Arctic communities(ANOSIM) for all fauna was conducted based on a Bray—Curtis
(Ambrose etal., 2006; Wallace etal., 2010; Leu et al., 20Tatdo similarity matrix in Primer6. A DISTL-M procedure was used to
etal., 201B discern the in uence of abiotic factors on the fauna, and &8A
The north Svalbard shelf stations included in this casetudplot was constructed to visualize the t of the DISTL-M model
are located between 80 and 8L The north shelf is in uenced to the biotic data using the PERMANOWA add-on to Primer6
by cooling AW at intermediate depth, though bottom water may(Anderson et al., 2008
be formed as dense plumes of cold brine that spill over the
shelf following sea ice formatioruadfasel et al., 1988; RudelsFunctional Traits
et al., 200k The stations included in this case study are closén order to understand how abiotic factors related to the dun
to the winter ice edge, though the ice edge is dynamic and hdional traits of organisms in the fjords and on the shelf, veac
retreated to the northeast since 1979¢chura and Walczowski, structed a “functional trait matrix” in which the abundana#
2009; Onarheim et al., 20).4The stations in this case study are individuals possessing each functional trait was listedegtof
also in an area that may be subject to shing activity (Norskabundance of each morphotype. Functional traits included,siz

Fiskeridirektoratet). morphology (at, mound, oblong, with walking legs, upright
_ and simple, upright and branched), mobility (sessile, swimmgni
Image Collection crawling), colonial/solitary (colony of zooids, sponge, &rigdi-

Photographs were recorded using a downward-facing digitalidual), and feeding mode (photosynthetic, suspension feeder
drop camera, as described Byveetman and Chapman (2011) deposit feeder, predator, scavenger/opportunist). Because th
Photos were recorded at an altitude of approximately 2.5m antlinctional traits we chose were categorical, it was not jessi
were spaced about 10 m apart. Fixed laser points were used foruse many of the indices which have been developed to mea-
size reference. All footage was recorded in September 26l fr sure functional diversity§chleuter et al., 20).0Ne instead used
the R/VHelmer Hanssen. multivariate statistical techniques and conducted the samal-

. yses as we had done for the fausensuBremner et al. (2013)
Image Analysis A resemblance matrix was constructed based on Euclidean dis-

Images that were too dark, too turbid, showed evidence ongh  ynceg and was used as the basis for multivariate DISTL-M and
activity, or were at an anomalous altitude were considenedi- dbRDA analysesigure 2.

gible for analysis. Of the eligible photos, 15 were randomby s

selected from each station and analyzed using the cell eount
function in ImageJ (National Institutes of Health, USA). Bent Results
cover of hard substrata was quanti ed as the number of ran-,, . .
dom dots out of 100 overlying rock when projected on the imageAb'OtIC Factors . . . .
Stone size heterogeneity was calculated as the coe cievaf Bottom temperature was highest4:5 C) at station 7, in inner

ation of the surface areas of 15 randomly sub-selected stnneszaggfjgrgg’ Iov;elr at t?_e ;c_)_rtp sgelf slte;tloonzcl.}:,_ 12, and 14
each image (or all stones, if fewer than 15 were present). (2.92-3. ),gn. owestin Riphor en (1.8-0. - rigure 3.
These values indicate greater in uence of Atlantic waterstar

Abiotic Factors tions in Raudfjorden and on the shelf and greater Arctic wate

Water temperature and turbidity were recorded with a Seabirdn uence in Rijpfiorden. Turbidity was highest at station 7y i
SBE9/1C CTD and attached turbidity sensor (Seapoint). Mea-Raudfjorden, and was generally much higher at stations is th
surements were recorded at each station in August-Septembé@rd than at stations on the shelf. Rijpfjorden stations skow
2011 aboard the R/Welmer HansserBottom temperature and intermediate turbidity, with more turbid water being predeat
bottom turbidity used for analysis in this case study areaged Stations 17 and 18, in the inner part of the fjorBligure 3.

over the bottom 10 m of the water column. Percent hard substratum cover and stone size heterogeneity
o were found to be signi cantly di erent among stationgdble 1).
Statistical Analyses A sample photo from each station is shown Figure 4. Mean

A conceptual outline of the statistical analyses in this stisdy percent hard cover was highest at stations 7, in inner Racdijo
shown inFigure 2 Biotic indices including total number of indi- (330 7:4, mean standard error), and 14, on the north Sval-
viduals (N), total number of species (S), Shannon-Wieneediv bard shelf (38.3 3.2), while stone size heterogeneity was high-
sity (H%based on natural logshannon and Weaver, 195Pielou  est at stations 7, 9, 12, and 14 (coe cients of variation 0.2+
evenness $JPielou, 196) and Margalef richness (djargalef, Figure 5).

1969, were calculated using Primer€larke and Gorley, 2006

Margalef richness was considered a more appropriate index &ifferences in Richness and Diversity among

species richness than the number of species perimage because$tations

number of individuals per image varied widely among stationsThe distriubtions of each species and average densities at eac
Abiotic factors and biotic indices were compared among stastation are shown in Supplementary Table 1. Multivariate anal-
tions with a non-parametric analysis of variance (Kruskaddl¢  ysis of similarity revealed overall signi cant di erencesyang
test, K-W) because data violated the assumption of homoseedastations (ANOSIM, GlobaR D 0:827,p D 0:001). Signi cant
ticity, even after log transformation. Dunn's test was used di erences were revealed for each of the indices N, & fHand
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FIGURE 2 | Conceptual outline of statistical analyses condu cted in this study.

d among stationsTable 1). The highest average number of indi- 18, in the inner fjord, had the lowest richness (14.51.9 and
viduals (465.3 17.8) was at station 17, in inner Rijpfjorden, and22.0 1.4, respectively), but outermost station 15 also had simi-
this was signi cantly di erent from every other station exstesta-  larly low richness (17.1 0.6). It should be noted that the Chaol
tion 18 in post-ho@nalysis. However, the highest average numbetichness values for these stations were still higher thamfloer
of species perimage (13.60.4) and the highest averag8iHdex  stations in Raudfjorden and on the shelf, speci cally 8, 9 an
(2.1 0.04) were both found at station 14, on the north SvalbardlL1. Station 16 had the highest Chaol richness within Rijp&ard
shelf. Station 14 also showed the highest average Margaief r and indeed of all stations (53.5 8.0;Figure 7). When Chaol
ness (2.5 0.1), though this was not signi cantly di erent from was calculated on a regional scale, with all Raudfjordeelf,sh
stations 12, 15, 16, or 18, on the outer shelf and in Rijpfjorderand Rijpfjorden values combined, Rijpfjorden had the highest
Pielou evenness was signi cantly lower (0.15-0.19) abstafl0, richness, though it was not signi cantly di erent from the st
17, and 18, than all other stations except station 8 (0.4102) (Figure 7).
in mid Raudfjorden Figure 6).

Because species-accumulation curves were not found to rea®elationships between Biotic and Abiotic Factors
an asymptote for any station, we compared Chaol richness vabISTL-M analysis revealed that each of the abiotic factors
ues for each station using individual photos as replicatesoCha tested had a signi cant e ect on the biotic data cloug (D
is a diversity index based on the number of rare species in @001 for each factor in marginal tests). The abiotic factor
sample, designed to estimate species richness under the@ssuniat accounted for the highest proportion of variability ineth
tion that not every species present has been captured. Withibiotic data was depth, with af2-value of 0.11, followed in
Raudfjorden, station 7 in the inner fjord was found to have th order by bottom temperatureRE D 0:10), bottom turbid-
highest estimated richness (13.51.9), while station 8, in mid- ity (R2 D 0:08), percent hard substratum coveR¥ D
Raudfjord, had the lowest (5.0 0.7). On the shelf, stations 11 0:05), and stone size heterogeneif? (D 0:03). The best- t
and 10, closer to land on the inner shelf, were found to haee thforward-selected model included all abiotic variables ard h
lowest Chaol richness (6.00.7 and 19.3 1.9, respectively), an R2-value of 0.36, indicating that all abiotic factors togethe
while stations 12 and especially 14 had the highest (2621 explained approximately 36% of the variability in the biotic
and 36.0 2.6, respectively). Within Rijpfjorden, stations 17 anddata.
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FIGURE 3 | CTD pro les showing temperature and turbidity of th e water at each station. Numbers in bold indicate station. Note different scales of- and
y-axes.
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TABLE 1 | Results of Kruskal-Wallis tests for differences in bi otic and Local vs. Regiona| Scales
abiotic factors among stations. We also ran separate DISTL-M analyses for the shelf and each
of the fjords. On this local scale, bottom temperature, anptde

Facter “ o i were once again the strongest correlates of fauna withirdRau

% Hard cover 122:759 10 <0001 den, Rijpfiorden, and the north Svalbard shelf, as they expthin
Stone heterogeneity 98:635 10 <0:001 the largest proportions of variation in the biotic data withéach

N 136:455 10 <0001 local area. In RaudfjordefR?-values were 0.38 and 0.19 for bot-
s 111:426 10 <0001 tom temperature and depth, respectively. On the shelf, depth
HO 131:669 10 <0001  explained 31% of the variation in the datR’( D 0:31) and

A 105:321 10 <0001  temperature explained 2798 D 0:27), while in Rijpfiorden,

D 109:815 10 <0001  depth explained 40% of the variation in the dalR¢ © 0:40) and

bottom temperature explained 19%4 D 0:19). No other abi-
otic factors were nearly as important in explaining the vaaati
in the data, as theiR2-values were orders of magnitude lower

The accompanying dbRDA graph shows that stations sepdfFigure 11).
rate along the axes of bottom temperature, bottom turbiciryel DISTL-M analysis of the functional traits on a local scale
depth, indicating that these factors in uence the di erendes showed that functional traits of the fauna were in uenceddify
benthic communities among stationEi¢ure 8). Points belong-  ferent abiotic factors. For Raudfjorden, stone size hefeneity
ing to the same station are spread out along the axes for perce%plained 44% of the variability in the functional trait dafaud,
hard substratum cover and stone size heterogeneity, itidga and bottom temperature explained 13%. On the shelf, depth
that these factors also in uence the fauna but vary withia-st €Xplained 38% of the variability in the functional trait dagnd
tions. It should be noted that thg-axis captures much less (28%) bottom temperature explained 20%. Depth was by far the most
of the variation in the data than the-axis (40%). The four sta- important factor in Rijpfjorden, explaining 93% of the variatio
tions in Rijpfiorden are each represented by a close cluster #1 the data Figure 12).
points, indicating lower intra-station heterogeneity oftlcom- ) ]
munity here than elsewhere. Points for Rijpfijorden are spitial DIScussion
separated from the other stations in the bottom left of thepira

Results of pairwise post-hoc tests are shown irFigures 5, 6

indicating they are in uenced by low temperaturEigure 8. Our results indicated clear and signi cant di erences in the
benthic community within the same fjord, at stations spaced
Functional Traits as little as 8km apart. From this case study, we can therefore

An examination of the functional traits of the fauna at eachstate that there was no single characteristic communitytffier
station reveals that stations 17 and 18, in inner Rijpfjordenfjords studied. Rather, distinct variations in the bentb@mmu-
are almost entirely dominated by small, mobile, scavengersty occurred along the fjord axis. Distributions of megafaun
(Figure 9. Station 10 has a high proportion of mobile scavengerdiave seldom been documented for Svalbard fjords, so more
while stations 8, 11, and 15 have high proportions of scavengeresearch is required to determine if and to what extent pat-
with various morphologies. Stations 7, 9, 12, 14, and 16 featu terns in the megafauna found in these fjords parallel patterns
high proportion of sessile suspension feeders, many of whieh apbserved in other fjords and other major taxonomic groups (e.
colonial (Figure 9. the macrofauna).

Results of a DISTL-M analysis show relationships between Roy et al. (2014fpund that substratum type was more impor-
abiotic factors and the fauna at each station. All abiotic-fa tant in structuring benthic communities on local scales rtha
tors were found to be signi cantly related to the biotic dataon regional scales. However, in this case study, stone size h
cloud (p D 0:001 in marginal tests) except for bottom turbid- erogeneity explained only a small fraction of the variapilit
ity (p D 0:203). The best-t forward-selected model includedthe local scale data, except for one case: the functionas trai
all ve abiotic factors and explained 56% of the variability i of fauna within Raudfjorden. Between fjords, stone sizetwet
the functional trait data. Bottom temperature explained thegeneity only explained a small fraction (3%) of the variapilit
largest amount of inter-station variability (36%2 D 0:36). in the biotic data. While it is possible that habitat heternge
Depth explained the second-largest amount of variation (12%ty in uences benthic megafauna on a larger spatial scala tha
R® D 0:12), and each of the other abiotic factors hR&  was quanti ed here (approximately 40 rRobert et al., 20)4it
values orders of magnitude lower (0.04, 0.04, and 0.002 fevas not possible to quantify habitat heterogeneity on larger s
bottom turbidity, percent hard substratum cover, and storg-h tial scales in this case study. Nevertheless, our resuligtitight
erogeneity, respectively). In the accompanying dbRDA basdte importance of considering habitat heterogeneity on dést
on functional traits, stations separated widely along thesax spatial scales.
of bottom temperature and depth. Some separation occurred Bottom water temperature and depth were the most impor-
between points from the same station along the axes relating tant abiotic factors structuring both composition and fuiastal
percent hard substratum cover and bottom turbidity, though atraits of the fauna in every case except for Raudfjorden men-
much lower proportion of variability was captured by this sedon tioned above. The results will therefore be discussed Imetigel
axis Figure 10. context of temperature and depth primarily. Depth explained
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FIGURE 4 | An example photo from each station in north Svalbard. Scale barD 26 cm.

11% of the variability in the composition and 12% of the vari-polynyas and gyres can dramatically increase food supply to the
ability in the functional traits of north Svalbard fauna ihis  benthos Piepenburg, 2005 Lateral advection is also responsi-
case study. Strong depth gradients in the megabenthos hswe able for local-scale patterns of benthic food suppljafer and
been observed in the Kara Sea and in East Greenlafe€r Piepenburg, 1996; Piepenburg, 200f a recent study, $swat
and Piepenburg, 1996; Jgrgensen et al., 1386ugh the latter et al., 201pfound that the north Svalbard shelf benthos was in u-
case includes a greater range of depths than was quanti ed ienced by depth and substratum type, with higher diversity and
this case study. In the Arctic, disturbance and competiti@vén abundance of sessile suspension feeders occurring at skallow
been shown to vary along depth gradients, but both factors argtations. Station 14 in this case study had the highest aducel

of little importance below approximately 40 m deptBgrnes and diversity of suspension feeders and also the greateklail-ai
and Kuklinski, 2004; Kuklinski, 2009The sites included in this ity of hard substrataKigures 5 9). This station sits at shallower
case study are located at 77-360 m, so of the factors cauelatdepth (192 m) compared to the adjacent station 12 (360 m). It
with depth, only benthic food supply is likely to be important. is possible that bottom currents at shallower depth carry away
Food supply is generally negatively correlated with defithy(  ne particles to expose large stones and also bring particulate
et al., 201 but on local and meso-scales, structures such a@ood to the suspension feeders at station 14. A similar pattern
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percent hard substratum cover per image(B) average stone size
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individuals per image, (B) average number of species per image,
(C) Margalef richness, (D) Shannon-Wiener diversity index,(E) Pielou

any letters in common were found to be signicantly differentfrom
each other in pairwise post-hoc analysis. Arrows point toward fijord
mouth.

has been observed at Hopen in the NW Barents $ezlfrane Atlantic-in uenced shelf stationsKigure 6), but it cannot nec-

et al., 200Q Arctic megabenthic communities may also changeessarily be stated that Atlantic water in uence always $etd

as a function of depth because of distinct water masses impingreater abundance and diversity of the megafauna, partigula
ing on the sea oor at di erent depths. In the Canadian Arc- in fijords because some Atlantic in uenced fjord sites inghi
tic, colder, fresher water of Paci ¢ origin overlies warnsaline  case study showed low megafaunal abundance and diversjty (e
Atlantic water, and this gradient has been hypothesized agjamm  Stations 7-9igure 6).

structuring factor for the megafauna her&dqy et al., 2014 Bottom water temperature (that was used as an indicator
Horizontal gradients in water masses have also been shown ¢ Atlantic or Arctic water mass in uence) at our sampling
a ect the megabenthos in the Barents Sea, with higher aburstations explained 10 and 36% of the variability in faunal
dance of megafauna being found at Atlantic-in uenced seuth composition and functioning, respectively. Stations in Raud
ern stations, where productivity was highetdchrane et al., fijorden were heavily in uenced by Atlantic water masses (as
2009. Our results also show high abundance of megafauna atdicated by the relatively higher temperaturésgure 3) and
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regions combined. Error bars represent standard error.

FIGURE 7 | Chaol species richness estimates. (A)  Stations in Raudfjorden,(B) stations on the north Svalbard shelf(C) stations in Rijpfjorden,(D) fiord and shelf

FIGURE 8 | dbRDA graph showing relationship of north Svalbar
to abiotic factors.

d fauna

Inorganic sediment released by melting glaciers can smother
organisms, clog lItering structures, dilute sediment organ
material with inorganic particles, and reduce primary pro-
duction by making the water column turbid, all of which
can reduce biomass and diversity in glacial-in uenced fjords
(W odarska-Kowalczuk et al., 2005Stations in Raudfjorden
had the lowest abundance of megafauna, indicating that it
was dicult for more sedimentation-sensitive taxa to sur-
vive in this heavily-sedimented Atlantic-in uenced fijoréuch

as sponges (that were dominant at the low turbidity station
14). Nevertheless, the dominant organisms at station 8 were
shrimp of the specie®andalus borealithat have been shown

to be sensitive to inorganic particles in the watéra(e et al.,
20089.

By contrast, the low bottom water temperature in Rijpfjorden
indicated that the fjord is heavily in uenced by Arctic wate
masses. The Rijpfjorden megabenthic community had high
diversity, as shown by the high Chaol ind&igure 7) and also
a wide variety of functional traits (e.g., predators, molsitav-
engers, and sessile suspension feeders with various morpholo-
gies). A previous study at Arctic water mass-in uenced stasi
in the Barents Sea has shown higher evenness and diver#ity of
megabenthos, despite lower abundanCedhrane et al., 2009

showed lower faunal diversity, plus a lower variety of funcand a body of recent research has shown that Arctic diveisity

tional traits (primarily mobile scavengers with rare sessilis-

not as impoverished as previously believedpenburg, 2005

pension feedergigure 9). Stations in Raudfjorden had turbid The high diversity observed at the outer Rijpfjorden statiiss
bottom water Figure 3), indicating heavy disturbance from reminiscent of Antarctic fjord communities, which show higr

glacial sedimentation, re-suspension, and/or terrestual-o .

faunal and functional diversity than shelf stations at $andepth
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FIGURE 9 | Proportion of fauna at each north Svalbard station p ossessing different functional traits. (A)  Size in vertically-facing view, cm(B) basic
morphology, (C) mobility, (D) colonial/solitary,(E) feeding mode. Arrows point toward mouth of each fjord.

FIGURE 10 | dbRDA graph showing relationship of functional tr ~ aits of north Svalbard fauna to abiotic factors.

(Grange and Smith, 20).3Antarctic fjords are hypothesized to masses and to have high faunal diversity and a variety of-func
receive higher organic input than shelf stations in the forfn otional and trophic groups and relative low water column turbid
macroalgal detritus, foraging krill, and whale excretaybwer, ity. It could thus be considered more comparable with diverse
the high diversity observed in Antarctic fjords more likegsults ~ Antarctic fjords, which are at an earlier stage of warming ant

from larval retention and lack of glacial sedimentationcéese heavily in uenced by glacial sedimentation.

Antarctic fjords are at an earlier stage of warming than tietc- Changes in ocean temperature and biogeochemistry are pre-
tic counterparts Grange and Smith, 20).3In this case study, dicted to be more extreme in the Arctic compared to other
Rijpfjorden was found to be primarily in uenced by Arctic water regions of the world ocear{ora et al., 2013 The Arctic shelf
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FIGURE 11 | dbRDA graph showing relationship of north Svalba  rd fauna to abiotic factors on local scale.(A) Stations in Raudfjorden,(B) stations on north
Svalbard shelf,(C) stations in Rijpfjorden.

seas are predicted to experience an increase in water temperatof macrobiota Gyvitski et al., 1989; Piepenburg et al., 1996;
of 2-4 C by 2100, and this is a greater temperature increase thaft odarska-Kowalczuk and Weslawski, 2001; W odarska-
is predicted for the AntarcticNlora et al., 2013Figure 2A). Kowalczuk, 200)7and inorganic sedimentation can also reduce
Food input to the sea oor may also increase in Arctic fjordsmesoscale heterogeneity of the benthic communityqdarska-
with climate change if earlier ice break-up in spring leads tdowalczuk and Weslawski, 2008The diverse communities
a mismatch between the spring bloom and the emergence @t stations 15 and 16 in outer Rijpfjorden and at stations on
zooplankton, and tighter pelagic benthic couplingofkolova, the shelf have a variety of trophic groups. By contrast, in the
1994; Zapczkowski and Lemgiska, 2001; Leu et al., 2011 more heavily-sedimented inner fjord stations in both Raadd
It is unclear how north Svalbard megafauna may respond t&ijpfjorden, the community consists almost entirely of mobile
increased benthic carbon ux, but it is possible that greatescavengers. If our results are representative for othedsjand
food ux could boost megafaunal biomasSr{ith et al., 2008 if it can be assumed that an Atlantic-in uenced fjord is a gbo
However, warming will also potentially increase glaciendtyt  proxy for a warming Arctic fjord, an increase in sedimentatio
calving, and sedimentationHpdson and Ferguson, 1999; from rising temperatures and enhanced glacial melting magthu
W odarska-Kowalczuk and Weslawski, 2)0Which may in lead to a shift from suspension-feeding/detritivore comntigs
turn decrease megafaunal biomass and megabenthic furegion to more necrophagous communities. If our results are indeed
in north Svalbard. It is well documented that heavy inorgani representative, warming temperatures could also lead to a
sedimentation leads to reduced diversity and functiongedsity  reduction in megafauna abundance and biomass. Much higher

Frontiers in Marine Science | www.frontiersin.org 11 April 2015 | Volume 2 | Article 22



Meyer et al. Environmental factors structuring Arctic megabenthos

FIGURE 12 | dbRDA graph showing relationship of functional tr aits of north Svalbard fauna to abiotic factors. (A) Stations in Raudfjorden,(B) stations on
north Svalbard shelf,(C) stations in Rijpfjorden.

megafaunal abundances were observed at the colder (17 3nd 1aint Petersburg State University), Dorte Janussen (8anck
and less turbid (18) stations in inner Rijpfjorden compared toberg Museum of Natural History), and Bjgrn Gulliksen (Uni-
the warmer, more turbid station 8 in Raudfjordefri@ure 6),  versity of Tromsg) for taxonomic assistance, and to Jgrgen
even though all three stations were characterized by mobilBerge for logistical support during the cruise. This material
scavengers and feature primarily soft substrata. Thus, \waym is based upon work supported by the National Science Foun-
and increased sedimentation, besides reducing functidivel-  dation Graduate Research Fellowship Program under Grant
sity of the megabenthos, are likely to decrease the aburdanNo. DGE-0829517. Additional support for this project was
and biomass. Such a reduction in abundance or biomass @fovided by the University Centre on Svalbard and Akvaplan-
the megabenthos may have major implications for Arctic fjordniva (to PER). AKS and PER collected the data; KSM ana-
ecosystems (e.g., reducing energy transfer to predatoss sind  lyzed the data; KSM wrote the manuscript; AKS, PER, and
other higher trophic levels). CMY edited the manuscript. The authors declare no con ict of
interest.
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