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Abstract

In order to better aid in the development of inkdgd coastal management in the
Westfjords, Iceland, a case study testing methégssenile fish sampling in shallow coastal
areas and examining the effects of a bridge coctsdruin Mjoifjoréur on movement of
gadoid fish were investigated during the fall maentti 2009. Three different types of
habitats: sand and gravel, maerl and kelp were leahysing gill nets as well as a baited
camera system. Sampling took place in Mjéifjorond & two of the surrounding un-
impacted fjords. The abundance of juvenile Atlantd, Gadus morhuaas well as other
gadoid fish and the by-catch were recorded fronm @aethod. Overall the results show a
very low abundance of juvenile gadoids throughbetdampling area, and the previously un-
tested baited camera system showed comparablésrestihe traditional sampling method of
using gill nets in two of the three habitats inigetted. Juvenile gadoid fish exhibited no
differences in abundance between the fjords ingigato decrease in the movement of
juveniles in the bridged fjord. Such informatiorosid aid in the decision making process
regarding the management of such coastal engirgeprajects.
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1. Introduction

As the world population continues to increase,piessures exerted on our coastal
resources will also continue as our coastal zoreegiaproportionately accommodating most
of the global population increases (Rahmstorf &trcison, 2009). There is wide
recognition of the need for better resource managemvorldwide. A popular solution that is
being awarded great attention all over the glolibrisugh the integration of management
decisions in order to facilitate better involvemant minimize the exclusion of often under-
represented but equally important stakeholdersri€3ain & Knecht, 1998). Integrated
coastal and marine management is a concept thadessadopted for our efforts to manage
our marine and coastal resources and can be fouwmski throughout the world. In order to
successfully integrate multiple uses of marine ueses, a clear understanding of the natural
ecology and how it is impacted by human activiteesequired. Therefore understanding the
environmental impacts posed by human developmeamtigal for successfully integrated
coastal and marine resource management (Rahmstiti&ardson, 2009). Marine fisheries
are often negatively affected by certain anthropagenpacts. The management and
protection of commercial marine fisheries is oftemplicated by different life stages of the
species occupying different habitats as well asthmeplex food chain that each species
belongs to and is frequently not very well undesdt@ennings, et al., 2001). There is an
urgent need for increased understanding of theetprences of our actions on sensitive life

stages and habitats of many commercial specieaohefish.

In the case of Atlantic cod and gadoid fish in gahthe available data on the ecology of
the benthic juvenile life stage is disproportiottathe extensive knowledge on the larvae and
adult stage (Begg & Marteinsdottir, 2002; Jonasst@)., 2009). This is in part explained by
the difficulty in applying standard sampling metedtroughout the variable habitats utilized

by juveniles and partly because important hab@aetscommonly in shallow waters, making
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them inaccessible to large research vessels (Steinal, 2008). In Iceland, coastal waters
have been shown to serve as important habitajsa¥enile Atlantic cod and other gadoids
(Jonasson, et al., 2009). A bridge together wilagsociated fill roads has been constructed
across the fjord, Mjaifjorour in the Westfjords rexg of Iceland (figure 1). This has an
impact on the hydrologic properties of the respecfjord, which in turn might have a
negative impact on how demersal juvenile Atlantid end other gadoid fish enter and settle

in the fjord.

The aim of the current study is twofold. 1) To depeand test methods for sampling and
monitoring juvenile gadoid fish in a variety of li@bs, focusing on shallow coastal waters. 2)
To use these methods to estimate if the construcfi@a bridge across Mjéifjordur has an

effect on the number of juvenile gadoids in thedjo

2. Theoretical Framework and Case Study Introduction

Alterations to coastal habitats can have a grdattedn the survival and recruitment
of marine fish (Lotze, et al., 2006). In a studyfpemed by Lotze, et al., (2006) historical
trends in habitat alterations were examined tordete the drivers of degradation for
commercial fish species of various economic impuaréa including tuna, sharks, diadromous
fish such as salmon and sturgeon, demersal fighasicod and halibut, and pelagic fish such
as herring and sardines. The study examined thgwelabundance of species over time and
across different cultural periods in human histdiye aims of the study were to provide
“detailed historical baselines and quantitativgess for ecosystem-based management”
(Lotze, et al., 2006, p. 1806). The findings shbat tdegraded habitats and species
abundance declines were directly related to exatiom and habitat loss in the majority of the
worldwide cases examined (Lotze, et al., 2006).t@dmg, preventing, and restoring

degraded habitats is a central priority in coasi@hagement.



Negative changes to coastal ecosystems and hdbégeddation can result from a
variety of anthropogenic activities. Any changeshi& hydrologic makeup of a system can
result in increased turbidity, eutrophication, apesin salinity and dissolved oxygen (Justic,
et al., 1995; Richter, et al., 1996) all leadingnégative impacts to the ecosystem (Griffiths,
1999; Layman, et al., 2007; Meager & Utne-Palm,80Blydrologic alterations to coastal
waters refer to any physical modifications to th&ance of a bay or changes in the shoreline
that can influence natural processes, such asdfomater direction and/or volume
(OzCoasts, 2009). As pointed out by Pringle (2068nagement and policy decisions
regarding land-use activities and hydropower dgualent are often made in the absence of
adequate information on hydrologic connectivitytifigle, 2003, p. 2685). In her study
Pringle introduces the concept of hydrologic cotingg and explains that our current
knowledge of how this connectivity relates to tlaunal ecosystem is very poorly
understood while it is often responsible for “draiméosses in global aquatic biodiversity”
(Pringle, 2003). While the impacts that hydrologiterations have on the natural ecosystem
have been well documented for freshwater envirorisn@s well as migratory salmonid
species, there is a need for interdisciplinaryaeseregarding land-use for many other
marine fish and their respective habitats (Pring0€)3). An extensive literature search has
found no studies pertaining to coastal alteratigitisin fjords in Iceland and their effects on

marine fishes.

Layman, et al (2007) examined the effects of h&hbitarations on the resiliency of a
top predator, the grey snapper, in the Bahamassilitly adds to the existing body of
research that establish a link between speciessityeand hydrologic connectivity (Fahrig,
2003; Valentine-Rose, et al., 2007; Beach, 2003pitdt fragmentation is evaluated by
Layman based on the reduction in tidal amplituda ehallow body of water before and after

unspecified human alterations have taken placeefady, shallow areas are prone to human



induced impacts because of their proximity to hutnabitations (Beck, et al., 2001) and
changes in the normal tidal flow affect the exigtirydrologic connectivity of a system and
impacting proper matter transport (Pringle, 20&&)mpling by Layman is undertaken with
the use of many traditional methods including reetd traps, all individual species are
recorded and graphed to show “niche dimension$dad web complexity (Layman, et al.,
2007). The results of the study show no differermseen the severity of habitat alterations
and the average size of fish, but species diveisiiyund to be reduced by more than 90% in
the heavily impacted habitats (Layman, et al., 200fe strengths of this study lies in the
many methods used to sample the species compoaitsignificant results that show the
widespread phenomenon of niche depletion of a tegaior by human induced alterations.
By sampling the entire species composition in aoitito the targeted species, the study
undertaken by Layman helps move towards more iatedrmanagement solutions by
understanding the entire functions of species withe food web and not just focusing on

single species abundance measurements (Beach, 2@9than, et al., 2007).

Atlantic cod,Gadus morhuais a demersal gadoid fish distributed throughbat
North Atlantic (U.S. Department of Commerce, 200&je first few stages of the Atlantic
cod life are part of a pelagic phase. The eggstlaiikic cod drift with the dominating
currents to nursery areas (Juanes, 2007; Bricketal,, 2007); eventually at sizes varying
from 3.3 mm to 5.7 mm the larvae hatch (U.S. Depant of Commerce, 2004). As size
increases, transformation to the juvenile form es@i lengths greater than 20 mm or 2-3
months from hatching (Fahay, 1983; Bolz & Lough88p The juveniles take on a demersal
life at lengths varying from 4 to 6 cm (Lough, &f 4989). At this stage juvenile cod undergo
a shift in diet from pelagic prey to benthic (Londoet al., 1998). Once juvenile cod have
settled for a demersal life it has been shownttiey actively select substrates with different

particle size or macroalgae cover (Keats, et 8B/} often according to food availability and



predator interaction (Borg, et al., 1997; Gotceitgsl., 1995). While most of the scientific
work focuses on recruitment and adult carrying capdRatz & Lloret, 2003; Marteinsdottir
& Begg, 2002; Marshall, et al., 1998), relativelylé attention has been given to localized
processes that might affect the juvenile life stagfemarine fishes (Lindholm, et al., 1999),
especially compared to freshwater studies (Meag®itré&-Palm, 2008; Pringle, 2003). The
available studies demonstrate that there is atdim@mection between juvenile fish, their
survival and specific substrate complexity (Ausétral., 1995; Tupper & Boutilier, 1995;
Stal, et al., 2008), hinting that recruitment migitolve around the completeness of the
seafloor habitat (Lindholm, et al., 1999). In thiéastic cod lifecycle there is a general shift
from a broad and simple pelagic habitat to a nagrdwut more complex shallow benthic
habitat before a return to a more expansive desfhioseenvironment as the fish mature

(Juanes, 2007).

Coastal waters are important for the juvenile ¢bdy offer protection against
predators and maintain food availability (Stalakt 2008). Studying the abundance and
distribution of juvenile marine fishes in differeémibitats can be difficult because of
traditional surveying methods such as trawling seiding will not provide an un-biased and
un-destructive method of sampling in all habitiisdepth ecological studies on gadoid
juveniles and studies in other systems that hakgeaoable problems with sampling i.e. coral
reefs, have often relied on scuba divers to diyeattserve and count fish (Tupper &
Boutilier, 1995). Stoner, et al., (2007) studied #fficacy of a baited camera system as an
alternative to trawling in surveying age-0 gadardghe Pacific. The study also attempted to
determine the appropriate deployment type of susystem and whether the baited camera
system matched abundance estimates of a tradisangbling method, the beach seine. The
species examined were: Pacific cod, saffron cod veadleye Pollock. The experimental

camera system consisted of a bait bag loaded witlienPacific sardine placed 68cm in front



of an underwater camera mounted on a metal slechwtrs lowered in shallow coastal
waters around Kodiak Island, Alaska, USA (Stonegle 2008). The assembly was kept
submerged for periods of 20 to 40 min in three &iotlhabitats: eelgrass, kelp, and bare
sand/cobble. The results of the study show thabptienal time for abundance observation of
Pacific gadoids was around 15 min (Stoner, eR@D8) regardless of overall fish abundance
and additional deployment time. The study also @tbthat the total number of fish seen in
the view of the camera system was positively cateel with the beach seine sampling
performed at the same site, authenticating thetidee method for gadoids in the Pacific. No
similar studies examining the use of a non intreigigited camera system compared to
conventional sampling methods were found for thetiNAtlantic region, nor is there
information regarding the optimal time of deployrhefthe bait bag for such abundance
estimates. The study by Stoner, Laurel and Hu§p detailed here explains the specifics
of the baited camera system and offers the poigibflits use for other species in other parts

of the world and other species.

In Iceland, after spawning, Atlantic cod eggs drifa general clockwise direction
within the country’s coastal waters (Jonasson|.e2@09). Larvae and pelagic juveniles are
found throughout the fjords and bays around thextgyBegg & Marteinsdottir, 2002),
eventually the juveniles settle within the manyitetb of shallow coastal waters found in the
fijords. The numerous fjords comprising the Westfgoregion of Iceland (figure 1) serve as
such habitats for the juvenile demersal cod. Th&idution and abundance of the larvae and
pelagic stages of Atlantic cod have been examiyetbhasson, et al. (2009) in relation to
variable environmental conditions. The larval drifite of west Iceland from the southwest
spawning grounds to the nursery areas of the nedhwere sampled over the course of
several years with the use of a trawl. The studyided information on 2-8 week old

individuals in respect to abundance, distributismall as on various environmental factors



such as temperature and salinity. The results gjteat variation in abundance between
years, in the years 1998 to 2000 there was a ighdance of larvae and juveniles found in
the low salinity waters of the Westfjords regiorheseas in 2001 distribution was confined
only to the isafjardardjup region (Jonasson, e2809). The study found the highest
abundance of Atlantic cod larvae and juvenilesganbthe Westfjords region indicating the
importance of the area as nursery grounds (Jonastah, 2009). In relation to the available
currents for the dispersal of pelagic juvenilesshaly concludes that “the role of the coastal
current in successfully transporting larvae from spawning areas into the northern nursery
grounds is likely to be one of the main mechanisrfisencing recruitment variability”
(Jonasson, et al., 2009, p. 8). Although, theke leeen extensive studies on larvae and
pelagic juvenile dispersal within the Icelandic arat(Jonasson, et al., 2009; Brickman, et al.,
2007), and adult population abundance and spavareas (Palsson & Thorsteinsson, 2003;
Begg & Marteinsdottir, 2003), there is limited inmfieation regarding the shallow coastal

habitat used by demersal juveniles in Iceland @létftir & Theodorou, 2008).

Bridges built across fjords are capable of altengathe natural ecology by changing
the water velocity or turbidity within the fijord @faskil Consulting Engineers, 2002);
possibly affecting both the resources availablinégjuvenile cod and their ability to feed and
seek cover from predators. Specifically, a bridggently constructed spanning across
Mijaifjorour (figure 1), has significantly altered the hydrologmmposition of the fjord
(Vatnaskil Consulting Engineers, 2002). To datelata are available on the effects the
bridge construction with its associated fill rodds on the juvenile cod and other gadoid fish.
Lough, et al (1989) showed that water currentsdiguwificant effects on juvenile cod
behavior; an increase in water currents requireih@ease in energy expenditure by the fish
in order to orient themselves and swim againstthieents. However, as the effect of the

bridge in Mjoifjorour appears not to extend veryiathin the fjord the effects of the specific
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case examined in this study are expected to béeliho the possible restriction of juvenile

movement into the fjord.

3. Materials and Methods

3.1.Study area

x

Iceland

Figure 1. The Westfjords

In Mjéifjérour the construction of the bridge, coleged in August 2009, is associated
with fill roads that intrude into the fjord for ov800 meters, closing off a substantial area
allowing water transport only through the openingated by the bridge. Due to the use of
such engineering methods in Mjéifjordur, the tiflalvs as well as possible larger
dominating currents in isafjardardjup have incrdasmmatically underneath the bridge and
have been virtually eliminated in the areas outtnihe fill roads. A computer generated
model performed by Vatnaskil Consulting Engine@@0@) shows hypothesized velocity

vectors before and after the specified construdatidvjoifjérour (figures 2 and 3).
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FigureZ2e. Ebb tide Figure2k. Flood tide

Figure 2. Velocity vectors of Mjéifjoréur beforeidge construction. (Vatnaskil
Consulting Engineers, 2002).

Figure3e. Ebb tide Figure3k. Flood tide

Figure3. Velocity vector: of Mj6ifjérour after bridge constructioi(Vatnaskil Consulting
Engineers, 2002).

The approximate length of fill road for Mjéifjordis 750+ meters with a 100+ meter
opening bridge span. Although only the shallowesaa have been closed by fill roads while
the bridge was constructed over the deepest stret@liow as much flow as possible during
tidal events (figure 4), a substantial area oflshahabitat with normal daily tidal flows has

been altered.
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Figure 4. Bathymetry of
Mjéifjéréur surrounding the
road and bridge construction.
(Vatnaskil Consulting
Engineers, 2002).

= Road

The Mjéifjordur fjord currently does not have any majesidential or commercial
developments within its watershed. The surroungalgys support limited farming
activities with little agricultural undertakingséa tourist resort offering lodging and
amenities for approximately 20 to 30 individualbeTapproximate watershed for Mj6ifjoréur

is 174 kmz.

This paper describes the results of a series dfesticonducted in three fjords in
isafjardardjap: Hestfjordur, Skoétufjordur, and Mjordur (figure 1). The fjords are generally
characterized by deep, mud substrate habitatsomithlimited areas at depths less than 20
meters. The shallower waters are characterizetireg tmain types of habitats, kelp,
Laminaria spp.dominated, sand and gravel bottom and maerl daedhbottom. Maerl,
Lithothamnium sppis a type of coralline red algae found in mamydg around Iceland
(Eiriksson & Gunnarsson, 2002). Maerl beds seneanamportant habitat for a diverse
distribution of fauna (Birkett, Maggs, & Dring, 189 The habitats were chosen using aerial
photographs and visual surveys performed from shwats. All sampling took place within

the months of October and November 2009.
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3.2.Fish sampling

Two knotless nylon gill nets were laid at each slamgpsite. One 20 m long and 3 m
high with 6.5mm stretched mesh, and the other 20nm and 2 m high with 10mm stretched
mesh. They were set at sites with depths rangom 8+m to 20+m, and were deployed by
the use of small inflatable boats. The nets wetréoggther with approximately 100+ m
between them; they were deployed during the daykaptsubmerged for a duration of 24
hours, once at each site. This was repeated fortgpe of habitat once in Mj6ifjérour and
once in either Hestfjorour or Skotufjordur (figuse Catch per unit effort (CPUE) was
recorded for all species on each haul. The fistevimzen and stored until standard length,
and weight were analyzed in the laboratory. Numesiudies have researched the impacts of
seriously degraded habitats on particular spegieddo focusing on the overall biodiversity
index (Beach, 2002; Layman, et al., 2007) thereforehis study, all species caught using
the gill nets are being presented to determinieeife is a difference in species diversity

among the fjords.

s jzr o dilp

- zal
Y

&

Figure 5. The
sampling sites in
isafjardardjap.

3.3.Estimating density with underwater cameras

The relative density of juvenile cod within eaclbitat was also estimated using a

baited camera system. For a similar study pertgitorthe efficacy of such methods see
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Stoner, Laurel, & Hurst (2008). A series of timpdad photographs were done with a camera
mounted on a metal triangle and pointing at algt consisting of cut herring pieces and
shrimp (figure 6). Two random stations were chdsesampling at each type of habitat. At
each station the triangle was lowered on the sea éind remained deployed for a period of
30 minutes, during which the camera was configtogdke photographs every one minute.
Additional measurements were performed using aeuwvater video camera. The video
camera was likewise mounted on a metal trianglesahtb point at a bait bag. Recordings
were taken for 30 minutes continuously after whickthe laboratory, screen shots at intervals

of one minute were examined to determine fish count

Figure 6. The
baited camera
system used in
isafjardardijur

3.4.Statistical analysis

Differences in occurrence of juvenile gadoids betwgords (bridge, no-bridge) and
habitat type (sand/gravel, kelp, and maerl) weseetefor significance using Kruskal-Wallis
test. Differences in length of juvenile gadoids afitker fish species caught in nets was
estimated with ANOVA using fjord (bridge, no-bridgend habitat type (sand/gravel, kelp,
and maerl) as fixed factors. All statistical analysvere performed using SYSTAT release

12.
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4. Results

4.1.Fish occurrence

A total of 106 finfish of 10 species were samplathwhe gill nets at five sites.
Juvenile gadoids were most abundant accounting.&othalf the numbers, 54 juvenile

gadoid fish thereof 29 Atlantic co( morhua.

There was not a significant difference in the totainber of fish, total number of
gadoid juveniles nor number of cod juveniles cauglsand/gravel and maerl habitats in the
un-impacted vs. impacted fjords (Chi-square=0.00alpe=1.00, d.f.=1, n=2). As kelp
substrate habitats were not found in the impagted this could not be used for statistical
comparison. Therefore the presence of juvenileisot significantly associated with the
bridge construction in Mj6ifjéréur, where the ungacted fjord did not appear to support a
higher number of juvenile cod (table 1).

Table 1. Juvenile gadoid catch per unit effort in Hestfjgr8kotufjorour, and Mjoifjérour, sampling
carried out in Oct. and Nov. 2009.

Mesh No bridge (Hestfjorour & Skotufjordur) Bridge (Mj@rdur)

size Sand/Gravel Maerl Kelp Sand/Gravel Maerl Kelp
6.5 mm 1 0 1 0 0 X
10 mm 2 4 34 10 0 X

There was high variability in the number of fishieeen the kelp habitat and the
other two habitats, sand/gravel and maerl (tahl@2¢ kelp habitat appears to support more
juvenile gadoids compared to habitats with littteno vegetative cover. However, the
number of gadoid fish caught within the same fjaas not significantly related to the

different bottom habitats, although this is mastly to represent the low statistical power of
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the sampling. In addition, a Shannon index comparghows that the un-impacted fjords

appear to support a higher diversity in species tha impacted fjord (table 2).

Table 2. Number of different species collected using @it the five sample sites in Hestfjordur,

Skoétufjorour, and Mjéifjorour, sampling carried out itOand Nov. 2009. Shannon index represents

species diversity.

Skoétufjérour
Kelp

Hestfjorour
Sand/gravel

Sand/gravel

Gadoid juveniles*
Sculpin

Myoxochephalus scorpius

Urchin

Strongylocentrotus droebachiensis

Spider Crab

Hyas araneus

Starfish

Asterias rubens

Plaice

Pleuronectes platessa
Spotted snake blenny
Leptoclinus maculatus
Atlantic Herring
Clupea harengus
Sandeel

Hyperoplus lanceolatus
Periwinkle

Littorina spp.

Jellyfish

Schyphozoa
Tortoisshell Limpet
Acmaea testudinalis
Hook-nose

Agonus cataphractus
Butterfish

Pholis gunellus
Brittlestar

Ophiothrix

Hermit crab
Eupagurus pubescens

34

20

13

17

10

Number of fish species
Total number of fish

Shannon index

60

1,55

16

1,42
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* Gadoid juveniles consisted of: Atlantic cddadus morhuawhiting, Merlangius merlangysand

pollock, Pollachius virens

Juvenile cod occurrence as measured by cameravakises was very low

throughout the sampling areas (table 3).

Table 3. Juvenile gadoid occurrence in Hestfjordur$kidtufjordur, based on 30 minute camera
estimates performed in Oct. and Nov. 2009.

Sand/Gravel Maerl Kelp
Site 1 2 1 1
Site 2 0 0 0
Totals 2 1 1

4.2 Fish size

There was a significant effect of both habitat tgpel the fjord (Mjoifjérour vs.
Hestfjordur and Skotufjérdour ) on the size of festught in gillnets (tables 4 &5, figures 7 &
8). The fish in un-impacted fjords were largereefing the higher prevalence of adult fish.
In the case of juvenile gadoids only habitat tygaificantly explained variation in size,
juveniles in sand/gravel habitats being slightlyt significantly, smaller (table 4). The same

pattern was observed with weight and is not prestehere.

Table 4. Results from ANOVA showing the effect of bedgnd habitat type on juvenile
gadoid size in Hestfjorour, Skétufjiérour, and Mjéifiord®@ct and Nov. 2009.

Source Sum-of-Squares df Mean-Square F-ratio P
Bridge 18.092 1 18.092 0.172 0.680
Habitat type 1265.636 2 632.818 6.031 0.005
Error 5036.750 48 104.932
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Figure 7.The length of
juvenile gadoids caught
at different substrate
types in Hestfjorour and
Skétufjordur (no bridge)
vs Mijoifjorour (bridge),
Oct and Nov. 2009.

Table 5. Results from ANOVA showing the effect of bedgnd habitat type on by-catch size
in Hestfjordur, Skotufjérour, and Mjoifjérour, Oct anaW 2009.

Source Sum-of-Squares df Mean-Square F-ratio P
Bridge 335.419 1 335.419 7.389 0.009
Habitat type 271.728 2 135.864 2.993 0.060
Error 2178.924 48 45.394
50 T T T
40~ -
>k
§ sor * -
e
2
o 20 n Figure 8 The length of
by-catch species caught
10 i BRPGE at different substrate
i 2:)'db%$dge types in Hestfjérour and
0 | | | Skétufjordur (no bridge)
@ o 50 vs Mjoifjorour (bridge),
(\Q,O‘ Oct and Nov. 2009.
(9’&
Habitat type
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5. Discussion

The current study has three implications for th@agement of juvenile fish in
Icelandic coastal waters. 1) Methods facilitating sampling and monitoring of juveniles
were developed and tested. 2) Catch of juvenilésarimpacted fjord show that the bridge
does not block movement of juveniles into the fi@pComparison of different benthic

habitats suggests the importance of kelp for jueegadoids.
5.1. Validity and development of methods

In general the gill net sampling worked well inthié three habitat types tested and at
depths ranging from 3 to 20 meters. The great ntgjof fish obtained were by the net with
a 9.5 mm mesh size (table 1); the 6.5 mm meshamepled only the smallest individuals.
The CPUE from the gillnetting compare reasonabléetosities indicated by previous studies
(Tupper & Boutilier, 1995; Shaw, et al., 2008). Haxer, unofficial data from the Marine
Research Institute suggest that juvenile cod nusnivere unusually low in Isafjardardjap in
the fall of 2009 (Hjalti Karlsson, personal commuation) and this is likely to be reflected in
the numbers reported in the current study. Febtited camera system observations the
total number of gadoid juveniles seen equaled th am average of less than one fish
observed per sampling effort, suggesting a low ithen$ fish throughout the studied fjords.

It is likely that the deployment time allowed fhig study, which equaled 30 minutes, is not
optimal for observing the total number of fish atted by the bait. Stoner, et al., (2008)
while examining the appropriate duration for thenesa observations determined that for
juvenile Pacific gadoids the optimal time was 1Huaés, no such standards have been
examined for Atlantic gadoids in Icelandic watd¥sr any subsequent studies the optimal
time for observing fish abundance should be detezthand used for the baited camera

system. The extremely low number of fish obsereed, fish or less over a period of 30 min
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vs. more than 10 fish observed over a similar jgeloip Stoner, et al., (2008), could be

improved by allowing a greater time of deploymeanrtthe Westfjords’ studies.

Overall, there were fewer than expected juvenildoghfish present in the studied
area; the relative low density of juvenile codlsoaconfirmed by underwater photography,
possibly indicating a year experiencing very lowatance of juvenile gadoids in the region.
Corresponding to claims that pronounced inter-ahfhwetuations are present in juvenile cod
abundance throughout Iceland (Jonasson, et al9)2Bl@wever, there is large discrepancy
between the gill net results and the camera refulthe kelp dominated habitat. For the
stations in the kelp habitat the underwater cardetacted only one juvenile gadoid fish,
while the gill net data suggested the greatestexanation of juvenile gadoids in the kelp
habitat. The observed differences can be explaimedigh the fact that kelp, as compared to
the other two habitats, greatly affects the sigstiathice of the camera by obscuring most of
the vision of the camera. It can be concluded\iale underwater video and photography
can be used to determine fish density in certalntats such as sand, gravel, rock and maerl,
it is not efficient in habitats dominated by vargsomacro algae cover, such as kelp, that limit
the visibility. The lack of success with the baitadnera system in the heavily vegetated
areas is contrary to other studies of similar sadbpehave shown relative success in different
types of habitats including kelp. Stoner, et &008) have found uniform results when using
a baited camera system on three types of habda¢ @ediment, eelgrass and kelp). The
apparent issues within the kelp habitat samplindgctbe improved in future studies by
modifying the metal triangle used in this studyh&wve a flat bottom that would serve as a
platform and create an area free of vegetation avtiés placed, creating more visibility

surrounding the bait bag.
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5.2.Impact of bridge construction

Overall, very few juvenile cod were present witthie sampled fjords. Hence, all
statistical analysis presented in this case staithased on the limited available data and
should be interpreted accordingly. However, wheerpreted with caution the limited data
does not affect the basic validity of this studyany of the conclusions drawn. The present
study represents only a snap-shot in time follovthrggcompletion of the road and bridge and
attempts to aid the management of the coast bypatgmosing additional studies that go
beyond any environmental impact assessment (ElA)winequently suffers from lack of
more integrated and connected research (Cashn@é).Zl'here is a need to monitor
juvenile fish over the course of several yearsvenedecades in the shallow habitats of the
Westfjords and the study undertaken here can litassa first year set of data on the
abundance and diversity of different fish speaethe respective fjords. Replicate sampling
in subsequent years can contribute to long tera de¢ded for the temporal monitoring of

juvenile gadoid fish.

There was not a significant difference in gadoiejile numbers or size among the
fijords. These results should be strengthened biyiaal sampling allowing for a much
greater statistical power. However, there wheghslilifferences among impacted and un-
impacted fjords when including by-catch data. Thar®on diversity index for the gill net
by-catch illustrates a higher diversity index floe un-impacted fjords and there were
significant differences between the impacted fimnd the un-impacted ones for the by-catch
finfish size. The un-impacted fjords supported dargized fish indicating a higher abundance
of adult fish. The by-catch data for the finfislal diot present any significant differences
among the different habitat types. Layman, et @073 showed that impacted habitats
revealed a reduction in species diversity of o\#69n some extreme cases (Layman, et al.,

2007), while Beach (2002) shows that altered habitaoughout North America lead to less
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species diversity (Beach, 2002). While the diffeesnin the diversity index experienced in
the Westfjords study are extremely subtle, thigtbes suggest possible species diversity
impacts due to the bridge construction, a subjefiirther research. In particular, these
results might suggest that although larvae andlgmklgic juveniles are easily carried with
currents into Mjaifjérour the movements of adulteldarger fish are more restricted by the

bridge, this warrants further study.

It is important to keep in mind that the little iadgility that is present among the
impacted and the un-impacted fjords throughoutthita presented could be sufficiently
explained by chance or other variables presertdanrdspective fijords such as predator and
prey abundance or other temporal differences ssitbraperature, salinity or turbidity.
Turbid waters can reduce the foraging area availgbbgel & Beauchamp, 1999) while less
turbid waters can lead to increased predation aietter visibility (de Robertis, et al., 2003)
implying a possible preference for specific intedmge turbidity levels by marine fishes
(Meager & Utne-Palm, 2008). No standardized tesievperformed on the water’s turbidity,
salinity and temperature; although visibility wastetmined to be the same in all sampling

sites through researchers’ visual observations.

Even if the current study found no difference inlgid numbers among fjords this
does not exclude potential future effect of theldpei on juvenile gadoids. As the bridge is a
very recent structure any effect observed now was&ed to be primarily through the
bridge physically limiting the number of juvenilisti entering the fjord. Future effects
through ecosystem changes have not been ruledydbelzurrent study. Increased human
development within the watershed will contributgnsiicant pollutants, impacts proven to be
magnified in altered bays or other semi-enclose@mzodies elsewhere (OzCoasts, 2009).
Additionally, hydrologic alterations can have sigrant impacts on the ecosystem but exhibit

a time lag and are less obvious in the short repeRcussions of the bridge construction in
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Mjo6ifjoréur not observed yet because of a potenimé lag as well as the possible
implications if the region experiences increasech& development could not be accounted

for in this case study but can and should be exgédngon for future studies on the subject.

The use of the results from this study should iédid to fjords and water bodies
with similar hydrologic characteristics. Due to faet that the main changes of the bridge
and road construction are in relation to the waterents (figures 2 and 3), which in turn are
related to fjord topography, other fjord ecosyst@xgeriencing similar construction projects
but having dissimilar topography might respondetiitly to the changes due to the
differences in physical properties within the fjoA& an example, in the southern part of the
Westfjords: Thorskafjorour, Djuapifjérour, Gufufjoud and a fjord carrying the same name:
Mijaifjérour, are being considered to undergo simidadge construction projects (Thorisson,
2009). Due to the different hydrologic make-upte southern fjords, most notably the
shallow topography found throughout Breidafjérossentially rendering the fjords large
mudflats, the changes posed by the bridge congirugtight not equal the changes
experienced in the fjord referred to in this studiarranting additional individual studies in

those fjords using similar methods as performettiisicase study.

6. General management implications

The gill net gadoid fish data demonstrates thatéepence was found in the kelp
dominated habitats with more fish being caughhekelp habitat than the others combined.
This preference for the kelp habitat can be explhio the fact that heavily vegetated
habitats are generally preferred by juvenile gadistid because they offer more protection
from predators (Borg, et al., 1997). This prefeeefur the kelp habitat could not be explored
in the impacted fjord because no kelp habitat wasd in Mjoifjoréur. Moreover, there was

a significant difference in the size of the gadfst in relation to the different habitats.
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Juvenile gadoid fish were slightly smaller in tlaad and gravel habitat versus the other two
habitats. Therefore, the results from the currardyshighlight the importance of including
information on variable habitat and substrate typeoastal waters in management

decisions.

Currently there is a realization that in orderaduce the decline in commercial fish
populations a direct reduction in the fishing pteeghrough fishing capacity reduction is
often being proposed (Pauly, et al., 2002; Schie@m2002). Nonetheless, indirect effects on
fisheries such as habitat destruction, alteratrotegradation might also affect successful
fish recruitment such as cod (Lindholm, et al., 2)98nd explain decreases in stocks (Stal, et
al., 2008). Other studies have demonstrated thratregrcial fish populations are limited by
the availability of juvenile habitats (Juanes, 20@onsequently, better protection through
proper management of the juvenile fish habitat ehibt jeopardizing pressing infrastructure
development projects can be crucial to the ovemalhagement of an important natural
resource. ldentifying important habitats and atters to coastal waters and their effects on
demersal juvenile gadoid fish will assist in thegress of knowledge toward better coastal

resource management.

The validity of this study in reference to gena@dstal resource management should
not be understated. Given the social and econanpoitance of Atlantic cod to Iceland,
there is a clear need to better understand theghabithe juveniles and how they are affected
by human development. Infrastructure developmenish as bridges, throughout the country
are vital for the economic prosperity and existeoice country’s remote cities and towns.

It is recognized that coastal managers, may they daat title or be politicians, scientists, or
even fishermen must see the need for infrastructevelopment while not endangering the
natural resources that the community depends omdse. In a rural region already troubled

by population decline, decision makers are consigeoad infrastructure development as
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vital in keeping a close connection with the cdpigion and attempting to stem the social
decline plaguing almost every region of the countriside the capital area. At the same time
protecting the regional natural resources, comrakfish stocks in most of Iceland, is
fundamental in maintaining the local economies Widepend heavily on them.
Consequently, any coastal management decisions ragdaling the protection of coastal
communities must understand the extremely sendit@nce between development and
natural resource management; both of which causiisned and developed if their effect on
one another is well understood. The underliningn¢hat emerges from the constant battle
of proper coastal management is always a bettegratahding of cause and effects of the
various decisions made. Appropriately, in the czdbe Westfjords, the vital infrastructure
development must be understood in the contexsgiassible effects on the indispensable

natural resource which is the Atlantic cod and ptmnmercial gadoid fish.

Therefore, it is hoped that the study undertaken,rathough it suggests that no
impact onG. morhuaor other gadoid fish abundance is being obsemad the Mjoifjérour
bridge construction, does present the need torhattierstand the possible implications that
such coastal engineering projects might have ototted ecosystem and aid in the decision-

making process that coastal managers are constao#y with.

7. Summary

The study presented here examined the efficiendypatential of different methods
which can be used in the monitoring and samplingnenile demersal fish in the Westfjords
area of Iceland. Traditional methods of samplingingafish are often not adequate for the
juvenile stages because of the destructive nafureedechniques in shallow areas. Sampling
methods that are not destructive to the coastatdtdiut accurately and unbiasedly depict

field observations are uncommon and not adequetearched. The trials this study
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presented with a previously un-tested baited casystem in conjuncture with a traditional
method using gill nets, gives the first set of dagarding such methods in the region. This
study also investigated whether or not a bridgestrantion in Mjéifjérour has had any
immediate effects on the demersal juvenile gadsidfresent in the fjord. The results show
no significant results in regards to the abundamzkdistribution of juvenile fish in the
impacted versus the un-impacted fjords but do sth@wmportance of kelp habitats for
juvenile demersal fish in the region. Taken togettie issues investigated in this paper are
aimed to aid in the proper management of the régjidtal coastal resources. By suggesting
all potential considerations needed to be takehérmanagement of isafjardardjup’s coastal

zone it is hoped that more integrated solutionsemnlerge.
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