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EXECUTIVE SUMMARY

Maryl anddos coastal | agoons harbor coastal fis
environments through the Ocean City InletottBgradual and catastrophic changes to

Maryl andds barri er ilagobnsaremeyitalslendde tairtieasingaasdrt c o a st
development, sea level rise, and storm surge evehtsman intervention to conserve barrier

islands an@djacent harborsmphasizethe maintenance of inlets through shoreline

reinforcement and removal of sediment tlglbburedging resulting in increased ocean forcing

to lagoon ecosystemdNe hypothesizthata gradient from pelagic, marirgriented to

demersal, structureriented speciegoolswould be more pronounced when marine influence is
relativelylow, while a homogenouysool of marine speciesauld be present when marine

influence is high. Alternatively, during periods of increased internal stability, structural agencies
may moderate oceanic forcing, resulting in a gradient from marine to redigi@itated
assemblagesimilarly, it was expected that the diets of key species would reflect external versus
internal forcing through their dependency on pelagic versus benthic resources.

This study investigated spatial gradients and long term changes in assemblage structure f
Assawomaniad Isle of Wight Bayshrough(1) directed field surveyssing a m benthic

balloon trawlin summers 02009 and 201,2lesigned to detect the influence of inlet proximity

on fish assemblage structure and diet, and (2) analysis nédon trawl survey, conducted by

the Maryland Department of Natural Resour@&#892012) to evaluate yearly and decadal
changes in the relative importance of internal and external forcing on fish assemblage structure.
The directed field surveys inclad2009, a year wheinternal structuring was expected to
predominate due ubiquitous sea grass cover, and 2012, which followed the large scale loss of sea
grass. The longderm retrospective analysis providadroader framework over which to
evaluatehow assemblages were influenced by internal (sea grass cover and water quality) and
external (North Atlantic Oscillation and Mean Tidal Level) forcing.

Directed Field Surveys of Assemblage Structure

As revealed in our sheterm surveythe degreexternal and iternal forcingon the spatial

structure of a diversagoon fish community46 finfishes)varied across yearthe 2009 summer
assemblage changed sequentially with incregpdistance from the Ocean Citylét while the

2012 assemblage was spatially honmagmus and lacked significant serial changHse
metacommunity framework for coastal lagoon fishes posits that coastal lagoon assemblages are a
reflection of dynamic interactions between 1) the degree of species flow into the lagoon from a
homogeneous pbof marine species and 2) the degree of niche separation within the lagoon. In
our study, nossignificantspatial structuravithin theoceamnearshore habitat 2009 supported

a homogeneous marine species source supplying a species pool to an environstertialigd
coastal lagoon. These features may have been particularly prevalent in 2009. In that year, the
lagoon experienced the highest mean tidal |@MdIL) in 20 years, subjecting the lagoon to

strong marine forcing. In additioaga grassSAV) within the northern bays was an all-time

high. Conversely, the 2012 survey was conducted during-8/dly low-SAV period, which

would lead to dower-level of environmental structuring.



Trophic Dependency in Key Species

Using direct tet and stable isotope analysis, trophic niche dependency was evaluated for two
dominant species, bay anchovy and weakfish. We tested the degree of pelagic v. benthic food
webdependency in years of opposed intefaeting (20091 higher internal structur012 i

lower internal structuje The predicted spatial shift within coastal lagoon trophic resources

from benthic, autochthonous carbon to pelagic, allochthonous carbon with increasing proximity
to the ocean was observed in th&"C of bay anchovyissuesn 2009 but values for weakfish

in both years and bay anchovy in 2012 did not vary with distance from the inlet. Increased
homogeneity of diets for both species was detected in 2012 in comparison to 2009 but no trend
was seen on increased reliaran pelagic food webs, either from direct diet or stable isotope
analysis. Thus no strong suppeould beerected for the hypothesis that the 2011 collapse of
seagrass increased the influence of allochthonous, pddaged carbon within the coastal bay
through increased sandy sediments and a decrease of benthic prey ddweshwe failed to
detect a shift in pelagic:benthic foodwebs associated with a large seagrasaeraaly have

not captured this seminal change due to limitations in ouplsagndesign and effortUnder the
expectation of increasemharine influencesvithin the MD coastal lagoons, additional studies are
warranted on howsea level rise, climate, or los§lagoon structural habitabay destabilize

lagoon foodwebs.

Long-term Trends in Assemblage Structure

Analysis of bngterm assemblageghanges n Mar yl andds coast al bays s
influence of external (NAO, MTL) and internal (SAV, temperature, salinity) environmental

forcing on the juvenile fish communityasspatiotemporally dynamic. Here, a decadal shift in

these opposing forces was detected: external dynamics seemed to be the major driver of the

overall lagoon assemblage over the first two decades of the analyzed time series, with a shift to a
more inter@lly-structured assemblage in tm@st recensix years. From the onset of the survey

in 1989 until summer 2002, increases and decreases in the North Atlantic Oscillation Index
corresponded to more structtogented and marine assemblages, respectivelsignificant

change pointletected througborrespondence analysis axis occurred after summer 2002, where

the assemblage seemed to switch to internal dynamics concurrent with a rapid and sustained drop

in salinity and sustained high levels of SANargeand rapid shifts in environmental forcing are

often associated with changes in species composition, excluding species less tolerant of the new
environmental regimdn the Maryland coastal bays during 2002, salinity dropped by more than

10 unit® from full-strength seawater to salinities more typical of polyhaline estoameless

than a year. The relatively rapid shift to fresher waters may have allowed for the increased

presence of estuarine species at the expense dblessnt marine species, refledtin the noted

shift terfisthrtieadtoureesst uari ne f i SVbdidnotbbsdrvea wi ng s
substantial large change in assemblage structure due to large loss of SAV in 2011, but postulate

that additional years (beyond 2012) will lsgjuired to detect such an influence.



BACKGROUND

Public and scientific attention increasingly centers on degradation of the coastal zone, whether
due to shoreline development, sea level risepphication or offshore wind farmdn
particular,neashorehabitats (<12 m depth) are at risk: these comprise nurseries for a diversity

of fishes, which in turn support important fisheraegl ecosystem dynamifBeck et al 2001)

In Maryland, decades of rapid ocean resort development (Ocean City now draws ~1.5 billion
tourism dollars annually; http://www.mdcoastalbays.org/) has prompted science and regulations
needed to conserve the | mtprergquisite ty pratectingtiee MDO s
living resources they contain (Wazniak et al. 2007). Yet the coastal bays are only part of a
network of nursery habitats. High abundances of many fisheries species, known to utilize the
coastal bays as juveniles (e.g.msner flounder, weakfish, bluefish, bay anchovy, black sea
bass), simultaneously occur i nl2kaepth;Callihahds s ha
et al. 2008; Woodlandt al.2012). In this century, both gradual and catastrophic changes to

Ma r y Is bamridrdslands and adjacent coastal environments are inevitable due to increasing
resort development (Worcester County population density is expected to double in next 40

years), sea level rise, and storm surge events (McNamara and Werner 20083 rdfog e

timely to investigatdhow marine environments are likely to influence lagoon nursery habitats
andthe fish assemblages they support.

In apastMaryland Sea Grant supported project ¢(phy and Secor 2006) we fourtatjuvenile

fish abundances and assemblage structure displayed remarkabsmiat stability across the

coastal bayduringatwelve-year period Weinitially hypothesizehat this observed stability

wasdue to strong spatiabanectivity between coastal bay and adjacent ocean environments,
which are in of themselves productive and important nursery habitats (Wilber et al. 2003, Able et
al. 2006). But marine influence is often exacerbated by anthropogenic intervention inttlralna
geophysical progression of tidal lagoons. Human intervention to conserve barrier islands and the
lagoon environment often emphasizes maintenance of inlets through shoreline reinforcement and
removal of sediment through dredgifiguck and da Silva 20)2 As such, many maintained

lagoons have permanent ancgggerated connections to the marine environment. Atrtificially
maintained inlets are expected to increase the influence of oceanic forcing on the geomorphology
and biota within coastal lagoons.

In small coastal lagoons, seasonal and {atetual changes marine forcing can result in

dynamic and unstable assemblage dynami¢s.hypothesize that the gradient from pelagic,
marineoriented to demersal, structuweiented species assemblagesiore pronounced when
marine influence is low, while a hagenous pool of marine species will be present when

marine influence is high. Pulses of strong oceanic forcing can cause coastal lagoons to
periodically shift from communities dictated by internal processes (benthic structuring) to those
dictated by exteral processes (oceanic forcing) through changes in dispersal, water quality, or
overall lagoon geomorpholodi?anda et al. 20)3 Periods of increased marine influence,
exacerbated by anthropogenic reinforcement of marine exchange, should cause lagoon
assemblages to be increasingly dominated by mobile marinespedternatively, during



periods of increased internal stability, structural agerstiel as sea grass covesly moderate
oceanic forcing, resulting in a gradient from marine to residentinated assemblages.

This study investigated spatial gradients and long term changssemblage structufer
Assawoman and Isle of Wight Bays (Tableusjng (1) directed field surveys in 2009 and 2012
designed to detect the influence of inlet proximity on fish assemblage straotudeef and (2)
analysis of a longerm trawl surveyconducted by the Maryland Department of Natural
Resources, to evaluate yearly and decadal changes in the relative importance of internal and
external forcing on fish assemblage structuiPease note that results and text for this report

weredrawnfromdaf t ed M. S. t hesi s ma,taecautharlof thb rgporMr . Mi

Table 1.Characteristics of the Maryland northern coastal bajap{adfrom Dennison et al.
2009)

Lagoon  Surface Area (ki Watershed Area (kf) Av. Depth (m)Volume (10m") Flushing rate (daysPopulation

Assawoman 209 24.7 12 21 21.1 13600
Isle of Wight 21.1 51.8 1.22 22.85 9.45 18600
OBJECTIVES

Objective 1: Compare habitat productivity between coastal bay and nearshore ocean
habitats. Using areaswept estimates of abundance, we comppanreenile abundances across
habitattypes, and investigadehe underlying composition of juvenile fish assemblages. Single
and multispecies patterns in occurrence and abundaerce used in multariate analyses to
testthe influence of inlet proximity on assemblage structure in two contrastingiy2@é® and
2012.

Objective 2. Compare tropic niches forjuvenile fishesacross the coastal bayearshore

ocean ecocline Using direct diet andtable isotope analysis, trophic niche dependency was
evaluated for two dominant species, bay anchovy and weakfish. We tested the degree of pelagic
versusbenthic food web dependency in years of opposed oceanic forcingi(2006r ocean

forcing; 2012 highe ocean forcing).

Objective 3. Evaluate evidence forspatial fidelity to a primary nursery habitat versus
evidence for exchange ahdividual & nursery habitats A retrospective examination of
Mar yl and DNR owas perforanadb evaluate theelg of ocean (mean tidal height)
andcoastabay (sea grass density) drivers longterm assemblage changé&h{s objective was
modified basedn the lack of paired species sampiekagoon and coastal habitdts stable
isotopeanalysi$.
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Objective 1. Compare habitat productivity between coastal bay and
nearshore ocean habitats.

Approach

Field sampling was conducted Angust 1819 (summer) and September22, 2009 (fall), as

well as August 8, 2012 (summer). AnYbenthic balloon trawl (3.8 cm body mesh, 0.64 cm

mesh coeend liner) was towed for 6 minutes (approx. 0.5 km) in nsaotlith transects at each

site. Samplsites were randomly selected from an array of six sites within three lagoon strata,

three nearshore strata, and one inlet stratum (Fig. 1). The lagoon strata were separated on a
northsout h transect, with the sounnfluencerwithaghet st r at
ocean within Isle of W ght Bay, the middle st
River within Isle of Wight and Assawoman Bay, and the northern stratum distal to the Ocean

City Inlet (OCI) and north of the mouth of the St Mar t i néds Ri ver within As
nearshore strata were also separated on a-gsoutih transect, with the southern stratum south of

the OCI, the middle stratum just north of the inlet, and the northernmost stratum farthest from the
inlet. All juvenile fish species were identified to the species level, counted, and measured (total
length) to 1.0 mm. Surface and bottom dissolved oxygen (Mgiemperature (°C), and salinity

were recorded using a conductivity, temperature, and depth profiletgeach trawl

deployment (Tables 2 and 3).
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Fig. 1 Sampling sites for targeted survey (Summer and Fall 2009, Summer 2012) and Coastal Bags Fisheri
Investigation (CBFI) site®Opensquares represent unused CBFI sites witténnorthern coastal bays. The northern

(N), central (C), and southern (S) arrays used in the direct survey are |&igiédrly, the subwvatersheds used in

the CBFI (Assawoman Bay (AW), Il sl e of Wi ghtnletgldly) (1 W) ,
are labeled.



Table 2.Catchperunit effort of fish species, fish species richness, and environmental data collected during the
targeted surveys of Aug/Sept 2009 and Aug 2012. Due to instrument malfunction, dissolved oxygen was only

recordedor Aug 2012 survey.

CPUE (fish traW)  Species Richnes: Temperature {C) Salinity Dissolved Oxygen (mg/
Date  Array Depth Mean SD Mean SD Surface Bottom Surface Bottom Surface Bottom
Aug-09 CBN 1.4 370.7 65.3 9.5 35 28.4 28.4 25.7 25.8
Aug-09 CBC 1.5 717.7 211.7 8.5 0.7 28.3 27.7 27.8 28.1
Aug-09 CBS 1.3 843.3 954.0 8.3 2.1 28.0 277 28.2 28.3
Aug-09 INL 4.9 40.0 55.2 4.3 2.1 27.4 27.2 28.8 28.9
Aug-09 OCC 8.2 221.9 154.7 10.5 45 24.4 23.1 30.0 30.3
Aug-09 OCS 9.7 206.5 123.1 10.8 2.5 23.9 22.2 30.0 30.4
Aug-09 OCN 9.6 385.2 242.1 8.5 3.1 23.9 23.0 29.9 30.2
Sep-09 CBN 1.2 203.2 310.0 6.3 0.6 21.9 21.8 23.8 23.8
Sep-09 CBC 11 4.6 4.1 2.3 2.1 22.2 22.2 25.9 25.9
Sep-09 CBS 1.7 3.2 2.6 3.0 1.0 22.3 22.3 29.2 29.1
Sep-09 INL 4.7 5.6 5.9 2.0 1.2 22.2 22.1 29.3 29.3
Sep-09 OCC 106 153.9 82.2 10.3 4.6 22.8 215 29.0 29.8
Sep-09 OCS 102 544.6  437.7 9.3 2.8 22.4 21.6 29.4 29.6
Sep-09 OCN 11.1 1397.6 2320.1 7.5 3.7 22.6 21.4 29.2 29.7
Aug-12 CBN 1.1 466.8 161.3 9.0 2.7 28.6 27.9 26.0 26.6 5.9 4.1
Aug-12 CBC 1.5 615.2 191.1 5.7 2.1 28.5 28.4 26.7 26.8 5.4 4.5
Aug-12 CBS 1.3 2073.0 11724 9.3 3.1 28.0 28.1 27.5 27.3 6.6 6.4

Table 3.Catchperunit-effort (CPUE) and standard deviation (SD) of species collected during the targeted survey
of Aug/Sept 2009 and Aug 2012. Species used in the assemblage analysis are indicated with an asterisk (*).

CPUE
Species Mean SD
Bay anchovy* Anchoa mitchilli 447.00 124.75
Weakfish* Cynoscion regalis 28.28 6.70
Silver perch* Bairdiella chrysoura 16.44 4.52
Butterfish* Peprilus triacanthus 9.18 2.76
Spot* Leiostomus xanthurus 9.02 2.83
Scup* Stenotomus chrysops 7.88 4.72
Striped anchovy* Anchoa hepsetus 6.17 1.25
Atlantic croaker* Micropogonias undulatus 4.19 1.32
Blue crab Callinectes sapidus 3.90 0.84
Atlantic moonfish* Selene setapinnis 3.34 1.10
Longfin Inshore Squid Loligo pealeii 2.02 0.39
Spotted hake Urophycis regia 1.64 0.50
Summer flounder* Paralichthys dentatus 1.47 0.80
Bluefish* Pomatomus saltatrix 1.18 0.31
Lady crab Ovalipes ocellatus 0.85 0.33
Black seabass* Centropristis striata 0.59 0.22
Striped cusk eel* Ophidion marginatum 0.59 0.23
Hogchoker* Trinectes maculatus 0.37 0.12
Common sea star Asterias forbesi 0.27 0.15
Pinfish* Lagodon rhomboides 0.26 0.16
Common spider crab Libinia emarginata 0.24 0.17
Black-clawed mud crab Panopeus herbstii 0.23 0.14



Atlantic menhaden*
Windowpane flounder*
Bullnose ray*
Northern pipefish*
Northern puffer*
Oyster toadfish*
Bluntnose ray*
Hermit crab

Smooth dogfish*
Inshore lizardfish*
Keyhole sand dollar
Southern kingfish*
Atlantic jacknife clam
Crevalle jack*

Naked goby*
Northern searobin*

Blackcheek tonguefish*

Clearnose skate*
Bluerunner*
Striped searobin*
Smooth butterfly ray
Harvestfish

Whelk species
Spder crab species
Smallmouth flounder
Lookdown

Lined seahorse
Stout razor clam
Feather blenny
Spanish mackerel
Striped burrfish
Tautog

Brown shrimp
Atlantic moon snail
Atlantic rock crab
Black drum
Northern kingfish
Cancer crab

Atlantic horseshoe crab

White mullet
Commensal crab

Brevoortiatyrannus
Scophthalmus aquosus
Myliobatis freminvillei
Syngnathus fuscus
Sphoeroides maculatus
Opsanus tau

Dasyatis sayi
Pagurussp.

Mustelus canis
Synodus foetens
Mellita quinquiesperforata
Menticirrhus americanus
Ensis directus

Caranx hippos
Gobiosoma bosc
Prionotus carolinus
Symphurus plaguisa
Raja eglanteria

Caranx crysos
Prionotus evolans
Gymnura micrura
Peprilus alepidotus
Busycorsp.

Libinia sp.

Etropus microstomus
Selene vomer
Hippocampus erectus
Tagelus plebius
Hypsoblennius hentz
Chilomycterus schoepfii
Scomberomorus maculatus
Tautoga onitis

Penaeus aztecus
Cancer irroratus
Neverita duplicata
Pogonias cromis
Menticirrhus saxatilis
Cancersp.

Limulus polyphemus
Mugil curema

Carcinus maenas

0.21
0.17
0.14
0.13
0.12
0.11
0.10
0.10
0.10
0.09
0.08
0.08
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.05
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

0.08
0.07
0.06
0.05
0.07
0.06
0.06
0.10
0.04
0.06
0.08
0.05
0.05
0.05
0.04
0.04
0.06
0.03
0.04
0.04
0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02



Green crab Pinnixia sp. 0.02 0.02
King mackerel Scomberomorus cavalla 0.02 0.02

Species abundances were compared across and within seasons, habitats, and years using an
analysis of similarity (ANOSIM) proceduK€larke 1993 To investigate the pattern of

assemblage structure within the coastal bays with increasing distance from the ocean, a RELATE
test by seriatioriClarke 1993 was sed. For this test, each sites coded by its distance from

the inlet, with a distance of A0O0 representin
negative numbers representing increasing distance into the oceancraading positive

numbers representing increasing distance into the bays-(Bndig similarities between sites

are then ranked from medb leastcorrelated. The degree to which the order of ranked

correlations corresponds to the order of site degameflects the degree of serial spatial structure

of the fish assemblage. The RELATE test was conducted across all environments, and then
separately for coastal bay and nearshore sites. Similarities between site assemblages and the
species that drivédhem were depicted using correspondence analysis (CA) in the vegan library
(Oksanen et al. 201 8f the R statistical softwai@® Core Team 2013 As species collected

during sampling may respondammodal fashion to underlying environmental gradients, a

reciprocal averaging approach that assumes modal response is better suited to visualize the data
than a method that assumes linear response (i.e., principal components analysis). In addition, the
influence of season was removed prior to analysis in order to avoid the skewing of ordination
results due to species turnover. Environmental vectors (depth, distance to OCI, surface
temperature, and salinity) were fit to the ordinapiast hoc Becauselwgface and bottom
environmental variables were highly correlated, only surface values were used. Environmental
vectors that were significantly associated with the CA were used to explain variation in
assemblage structure.

Findings

Environmental clines ere observed in the northern coastalddayt not in nearshore strata. In

2009, thermal differences between the coastal bays and nearshore ocean shifted between months,
where August surface and bottom temperatures were consistently warmer within thebayest

but September temperatures did not differ (Table 2). Surface and bottom salinity within the

coastal bays increased with decreased distance to the inlet in all sampling months and years
(Table 2). The cline was largest in 2009, with a gradiemtrspg 2.5 and 5.4 salinity units in

August and September, while only spanning 1.4 in August 2012. Ocean salinity was stable with
regards to distance from the inlet, remaining relatively constant across the strata within each
month.

Forty-six fish and 19nvertebrate species were identified across all sites and seasons, comprising
26,959 and 322 individuals, respectively (Table 3). Numerical catches varied among habitat
types, seasons, and years. In summer 2009, totatpakchit-effort (CPUE, fish awl ™) of

fish species was highest in the coastal bays, lowest in the inlet and intermediate in the nearshore
ocean. The pattern in total CPUE between the coastal bays and nearshore ocean was reversed in
fall 2009 with the coastal bays displaying an intediate CPUE and the nearshore ocean having

9



the highest CPUE, while the inlet sites remained the lowest. The coastal bay sites in summer
2012 had the highest CPUE among all habitats. Much of the variation in catch was due to large
schools of anchovy, wbi is reflected in the large standard deviation associated with high catch
levels. Relative patterns in species richness across habitats were similar in both months in 2009.
Average species richness was highest in summer 2009 for all three habitatsestdrdall

2009 (declines of 280% from summer values). Summer 2012 species richness in the coastal
bays was intermediate compared to the 2009 seasons.

Assemblage analyses were conducted on the 33 out of 46 species collected that§9assed
incidenceand CPUENclusion rule (Table 3). Species assemblage did not significantly differ
amongcoastal bay strata in any season or year, but significantly diffenedghabitat types,

and betweeseasons and years (ANOSIM, Table 4). In both the summer lhof 2809,

coastal bay species assembsaggried in a serial manner with increasing distance from the inlet
(RELATE, p<0.001). Similar to 2009, coastal bay strata were not significantly different in
summer 2012 (Table 4). However, a significant s@ragression of lagoon assemblage was not
detected in the summer 2012 survey (i.e., RELATE, p=0.18). Serial assemblage change was also
not seen in the nearshore ocean during either season (i.e., RELATE, summer: p=0.10; fall:
p=0.18). Nossignificant asselmlage seriation across the nearshore strata indicated that the
ocean assemblage was relatively homogeneous in comparison to the coastal bays.

Table 4. Analysis of similarity with season and habitat as the factors of avayotest.The R-statistic and pralue
of the ANOSIM and resulting paiwise contrasts are shown.

Summer Fall All
Factors R p R p R P
Main Effects
Season 0.434 0.001
Habitat 0.755 0.001
Pairwise contrasts
CBvVINL 0.798 0.008 0.517 0.003 0.627 0.005
CBvOC 0.633 0.001 0.856 0.001 0.796 0.001
INLVOC 0.765 0.004 0.934 0.001 0.778 0.001

Correspondence analysis placed most August 2012 samples near the center of the ordination,
with positive neazero values on the first axis andgative nearzero values on the second axis

(Fig 4). These samples were characterized by species common across all sample locations and
times. The species included bay anchovy, silver perch, hogchoker, bluefish, and spot. Two

10



samples, one each from therthern and central arrays, were placed more negatively on the
second axis. The placement of these samples seems to be due to the presence of pinfish and
lookdown, respectively. With the exception of the previously mentioned samples, species
compositio between sites in August 2012 was more-sigfiilar than 2009 samples. August

2009 samples were ordinated mostly in the fourth quadrant, ranging from negative values on the
first axis and neazero values on the second axis to positive values on thedseags and near

zero values on the first axis. The samples of the former cluster were associated with the presence
of smooth butterfly rays, Atlantic croaker, striped anchovy, and black sea bass. The samples of
the latter August 2009 cluster were asatel with the presence of northern pipefish, searobin,
naked gobies, harvestfish, and crevalle jack. September 2009 sites were the {simsii@etf

those sampled. As such, there waglisgerniblepattern in September species composition.

Fig. 4. Correspondence analysis of Aug 2009)( Sept @) 2009, and Aug 201XQ) directed surveys. Dashed
lines show significant environmental gradients foungdsthocanalyses.The center o& specieéname indicates
its ordination scor€or certainlowdi mp act s pymboiswer usedii-pdace 6f h e s paene tb educe
overplotting.
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Posthoccorrelation of environmental variables to CA scores aligned samples along significant
gradients of surface salinity and distance to the OCI (Fig 5). The gradient in salinity directly
opposed a gradient of increasing distainom the OCI, reflecting the trend of decreased salinity
with increasing distance from oceanic influence. August 2009 sites were strongly ordinated
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along this salinity/distance gradient, such thatassemblage may have been driven by salinity.
September @09 scores were more evenly distributed across gradients, suggesting that forcing
other than the measured environmental variables may have influenced assemblage structuring in
this monthln contrastthe2012assemblagerdinatal orthogorally to thesalinity/distance

gradient, suggesting driver of assemblage operating independently of salinity or distance to the
inlet.

Fig. 5. Ordination of samples from correspondence analysts significant environmental gradients frggasthoc
analyses (salinity and distance from Ocean City inlet) overlain. Trawls from northern (N), central (C), and southern
(S) portions of the coastal bays from August 2009 (grey, unboxed), September 200Bdgeely, and August 2012
(black, unboxed) sampling are shown.

N T N

Salinity

CA2

Implications

As revealedy theshortterm survey, spatial structure of the juvenile fish community within

Mar yl andds n o randthe role of extemna and ihterdaldoycang b tspatial

structure of the lagoon fish community varied across years: the 2009 summer assemblage
changed sequentially with increasing distance from the Ocean City inlet while the 2012
assemblage was spatially homogeneous and lacked significant sergésh8ine coastal bay
assemblage occurred over a gradual gradient in salinity @ 4tunits). Although salinity

gradients are often cited as a cause of species assemblage ¢Wagigstein et al. 1980

Wagner 1999 a gradient over the noted salinity range would not be expected to be of biological
importance for the marirestuarine species found in the Mand lagoongBulger et al. 19983
Lagoonal biological zonation may occur due to the dedrageraction between internal, lagoon

12



processes and external, marine processes that is reflected in, but not necessarily the direct result
of, salinity gradients.

The metacommunity framework for coastal lagoon fishes outlined by Mouillot (2007) pagits t

coastal lagoon assemblages are a reflection of dynamic interactions between 1) the degree of
species flow into the lagoon from a homogeneous pool of marine species and 2) the degree of

niche separation within the lagoon. In our study,-significantresults of the RELATE by
seriation and ANOSIM tests within the nearsho
homogeneous marine species source suppbingnvironmentally structured coastal lagoon.

These features may haveebeparticularly prevalent in 2009. In that year, the lagoon

experienced the highest mean tidal level (MTL) in 20 years, subjecting the lagoon to strong

marine forcing.But opposing this was strong internal structuriisAV within the northern bays

was at an altime highin 2009(second only to 201@vels, Orth et al. 20)2Conversely, the

2012 survey was conducted during adbWWL, low-SAV period, which would lead to a

comparatively lowetevel of environmental structurirend biological zonatianThedifferences

in external and internal forcing conditions between years may explain why the RELATE test by
seriation between coastal bay sites was significant in 2009 but not 2012. These contrasting years
foll ow Mouill otds met a ceanterplayrbétwegn irternal and extenndd , wh
environments dssenblagees a | agoonos

Objective 2. Compare tropic niches for juvenile fishes across the
coastal baynearshore ocean ecocline.

Approach

Field sampling is described above (Ohjeetl). In the field, youngof-year weakfishCynoscion
regalis) and bay anchovydnchoa mitchill) were immediately frozen under dry ice and held in a
-20°C freezer until processing. In the laboratory, stomachs were removepdrafy-thawed
specimens ahplaced in ethanol in preparation for direct diet analysis. Prey items were
identified to the lowest taxon possible, enumerateejréad, and weighed to the nearest
hundredth of a milligram (I0g). Thosemaking up less than 3% of total iterby,weight or
occurrence within at least one mosstinatum combination were joined into higher taxonomic
levels or functional groups.

Immediately after removal of the stomach, the liver and dorsal white musculature of the
specimen were excised’issue was rinsed in denized water and held at 60°C for >48 hours or
until dry. Dry tissue was ground into a fine powder using a mortar and pestle, @né hg

was stored in tin capsules untillsk&aisotope analysisStable isotopes were not normalized to
lipid content.If lipid content within the tissue is low, variation introduced by the process of lipid
extraction is often greater than the isotopic correction gained. As the C:Naratraex of lipid
corntent,of coastal bay and nearshore sagsphas low (<4.5or both tissuek lipid extraction

and subsequent correction was not conducted.
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Due to frequent variations in the isotopic values of primary prod@Cafsana and Rasmussen

1996 Post 2002, the baseline isotopic value of coastal bay and nearshore habitats were
represented by concurrenttpllected primary consumers. As fleshy primary consumers ha

slower tissue turnover rates than primary producers, the isotopic values of their tissues often
reflect the average, integrated isotopic value of the sy@Rest D02 Woodland et al. 2071

The ribbed musseGeukensia demissand the blue mussélytilus edulis were collected from

one bay and one ocean location, respectively. The average isotopic vlleenissels was

assumed to represent the isotopic value of their respective sybteastigation of trophidevel

s hi f t s°Nwas hohapnducted in this study, as temporal changes in baseline isotopic values
could notbe resolved.

Tissue sampkeof fish and bivalve specimens were analyzed¥@rand™N isotope
concentrationsising a continuoufiow isotope ratio mass spectrometer at the Colorado Plateau
Stable Isotope Laboratory in Flagstaff, Arizona. Measti@dand™N was reported in theelta
notation relative to Vienna Pd2ece Belemnite and air standards, respectively. Delta notation is
represented as follows, whe¥eaepresents the heavy isotope speciesFargpresents the ratio

of heavy to light isotope in treample or standard:

5X = Rstzm‘pl:! - Rstfzndfzrd % 1000

standard

Findings
Bayanchovy

Copepods were the numerically dominant prey item in all strata, seasons, and years except for
the coastal bays in the summer of 2009, where decapod larva¢hsenost dominant (Fig 6).
Decapod larvae were the secandst numerically dominant prey item in all other seasons and
strata. With the exception of summer 2009 coastal bay samples, the numerical makeup of diet
across habitat and season within 2009 ma#tser similar. The 2012 coastal bay samples differed
from summer and fall 2009 samples, where 2012 displayed an increased numerical dominance of
bivalve larvae (32.8%) in comparison to 20Gitatstrata which showed <5% contribution to

diets.

By weight, decpod larvae were the dominant prey item in all seasons, strata, and years except
for summer 2009 nearshore samples (Fig 7). Here, the weight of-diiglelsted crustacean
biomass (as determined by degraded carapaces) and other prey items (namelygetieeiotid
single preyedipon fish) accounted for 80% of prey by weight. While cttaegory items
accounted for the secomdost weight, copepods and unidentified crustaceans made small but
ubiquitous contributions to diets according to weight.
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Figé6Bay anchovy diet in Marylandds northern coast al bay:
summer and fall, 2 D@9 rdpartédas thegperaent & Prayatems fmuna@ within the gut for
each habitaseasoryear cominationBivalve references only the larval stage.

Bay Anchovy, Diet by Numerical Percentage
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Figu7Bay anchovy diet in Marylandds northern coastal bay:

summer and fall, 2009%49) and 2012d 2). Diet is reported as thgercent of weight accounted for by each prey
item found within the gut for every habits¢asoryear comination. Crustacean biomass refers to unidentifiable
items that can clearly be labeled as crustacean in oBgialve references only the larval g&a

Bay Anchovy, Diet by Weight Percentage
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Anc hovy Yaudispayeean increasing trend from the fartfieisind bay sites to the
nearshore ocean duri ng s umi@ealuesavere hdfecdbyFi g 8)
distance to the OCI within the nearshacean, remaining relatively constant throughout the

sites surveyed. Fall 2009 ¥YGvalpesthan sumiesiothel i s p |
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coastal bays, with more elevated values than summer in the nearshore. Unfortunately, there were
notenegh anchovy caught within the bd¥$s to reso
displayed a trend similar to anchovy muscle, with summer 2009 bay values progressively

increasing as distance to the OCI decreased. Liver tissue was also similar to mitecfall,

with coastal bay samples being depleted when compared to nearshore samples. Also, compared

t o muscl e “Ciwasslightly deplefed/ir all sedisons, environments, and years. This

was most likely due to the higher prevalence of lipmléver tissue than in muscle tiss(reost et

al. 2007. Whereas an increasing trend was seen in both the muscle and liver tissue of bay

anchovy from the 2009 coastal bays, no such trend was evident in 2012 (Fitp &°C value

of both anchovy muscle and liver tissue remained betw2én. 0 a-2né8a as di stanc
the OCI decreased, with liver tissue slightly depleted when compared to muscle.

Fig.8 Bay a n EQwalvey forimuscle and liver tissue in thensner and fall of 2009 along a gradient from the
mostdistal coastal bay site to the masstal nearshore site from the Ocean City inlet. A vertical black line
delineates the coastal bay from the nearshore sites
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Figure 9 Bay a n ¢ valugs fotimuscle and liver tissue in the summers of 2009 and 2012 along a gradient
from the mosdistal coastal bay site from the Ocean City inlet tol tiet.
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Weakfish

Weakfish diet was more diverse thaatt of bay anchovy, with amphipods, decapod larvae,

mysid shrimp, nereis worms, juvenile fish, miscellaneous zooplankton, and miscellaneous items
passing the inclusion rule. In summer 2009 coastal bay samples, decapod larvae were
numerically dominant, wke a few large juvenile fish dominated weight (Fig 10, 11). Mysid
shrimp were the numerically dominant species in summer 2009 nearshore samples, demwell as
both environments in fall 2009. Juvenile f(garticularlybay anchovywere the dominant prey
items by weight in summer 2009 nearshore and fall 2009 coastal bay sanysielsshrimp
dominated the majority (>97%) of prey weight in fall 2009 nearshore samples. In 2012,
amphipods were the most numerically abundant prey items, while, simdaastal bay samples

in fall 2009, juvenile anchovy were the highest by weight.
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Fig.l0Weakfi sh diet in Marylandds northern coastal bays (
summer and fall, 2009 (09) and 2012 (1BRjet is reporteds the percent of prey items found within the gut for
each habitaseasoryear comination.

Fig.l1Weakfish diet in Marylandds northern coast al bays (
summer and fall, 200D9) and 2012 (12)Diet is reported as the percent of weight accounted for by each prey item

found within the gut for every habitaeasoryear comination. Crustacean biomass refers to unidentifiable items

that can clearly be labeled as crustacean girori

Weakfi sh mus3insumaer 2009 didwna showithe same increasing pattern with
decreasing distance to tfCaaucwer rlativelycanstanti n anc
within the bays, but became progieely more enriched with increasing distaficen the Inlet
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