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EXECUTIVE SUMMARY  

 

Marylandôs coastal lagoons harbor coastal fish nursery habitats connected to neritic 

environments through the Ocean City Inlet.   Both gradual and catastrophic changes to 

Marylandôs barrier islands and adjacent coastal lagoons are inevitable due to increasing resort 

development, sea level rise, and storm surge events.  Human intervention to conserve barrier 

islands and adjacent harbors emphasizes the maintenance of inlets through shoreline 

reinforcement and removal of sediment through dredging - resulting in increased ocean forcing 

to lagoon ecosystems.  We hypothesized that a gradient from pelagic, marine-oriented to 

demersal, structure-oriented species pools would be more pronounced when marine influence is 

relatively low, while a homogenous pool of marine species would 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 resident-dominated 

assemblages. Similarly, 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 for 

Assawoman and Isle of Wight Bays through (1) directed field surveys using a 7-m benthic 

balloon trawl in summers of 2009 and 2012, designed to detect the influence of inlet proximity 

on fish assemblage structure and diet, and (2) analysis of a long-term trawl survey, conducted by 

the Maryland Department of Natural Resources (1989-2012), to evaluate yearly and decadal 

changes in the relative importance of internal and external forcing on fish assemblage structure.  

The directed field surveys included 2009, a year when internal structuring was expected to 

predominate due ubiquitous sea grass cover, and 2012, which followed the large scale loss of sea 

grass.   The longer-term retrospective analysis provided a broader framework over which to 

evaluate how 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 short-term survey, the degree external and internal forcing on the spatial 

structure of a diverse lagoon fish community (46 finfishes) 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 serial changes.  The 

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 pool of marine species and 2) the degree of niche separation within the lagoon.  In 

our study, non-significant spatial structure within the ocean nearshore habitat in 2009 supported 

a homogeneous marine species source supplying a species pool to an environmentally structured 

coastal lagoon.   These features may have been particularly 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.  In addition, sea grass (SAV) within the northern bays was at an all-time 

high. Conversely, the 2012 survey was conducted during a low-MTL, low-SAV period, which 

would lead to a lower-level of environmental structuring.   
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Trophic Dependency in Key Species 

 

Using direct diet 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 

web dependency in years of opposed internal forcing (2009 ï higher internal structure; 2012 ï 

lower internal structure).  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 the  of bay anchovy tissues in 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 reliance on pelagic food webs, either from direct diet or stable isotope 

analysis.  Thus no strong support could be erected for the hypothesis that the 2011 collapse of 

seagrass increased the influence of allochthonous, pelagic-based carbon within the coastal bays 

through increased sandy sediments and a decrease of benthic prey species.  Although we failed to 

detect a shift in pelagic:benthic foodwebs associated with a large seagrass crash, we may have 

not captured this seminal change due to limitations in our sampling design and effort.  Under the 

expectation of increased  marine influences within the MD coastal lagoons, additional studies are 

warranted on how  sea level rise, climate, or loss of lagoon structural habitat may destabilize 

lagoon foodwebs.  

 

Long-term Trends in Assemblage Structure 

 

Analysis of long-term assemblage changes in Marylandôs coastal bays showed that the relative 

influence of external (NAO, MTL) and internal (SAV, temperature, salinity) environmental 

forcing on the juvenile fish community was spatiotemporally 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 internally-structured assemblage in the most recent six years.  From the onset of the survey 

in 1989 until summer 2002, increases and decreases in the North Atlantic Oscillation Index 

corresponded to more structure-oriented and marine assemblages, respectively.  A significant 

change point detected through correspondence 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 SAV. Large and rapid shifts in environmental forcing are 

often associated with changes in species composition, excluding species less tolerant of the new 

environmental regime. In the Maryland coastal bays during 2002, salinity dropped by more than 

10 unitsðfrom full-strength seawater to salinities more typical of polyhaline estuariesðin less 

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

presence of estuarine species at the expense of less-tolerant marine species, reflected in the noted 

shift to ñstructure-orientedò estuarine fishes following salinity recovery.  We did not observe a 

substantial large change in assemblage structure due to large loss of SAV in 2011, but postulate 

that additional years (beyond 2012) will be required to detect such an influence.  
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BACKGROUND  

Public and scientific attention increasingly centers on degradation of the coastal zone, whether 

due to shoreline development, sea level rise, eutrophication, or offshore wind farms. In 

particular, nearshore habitats (<12 m depth) are at risk: these comprise nurseries for a diversity 

of fishes, which in turn support important fisheries and ecosystem dynamics (Beck 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 integrity of the MDôs coastal bays as a prerequisite to protecting the 

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., summer flounder, weakfish, bluefish, bay anchovy, black sea 

bass), simultaneously occur in Marylandôs shallow neritic marine zone (5-12 m depth; Callihan 

et al. 2008; Woodland et al. 2012).  In this century, both gradual and catastrophic changes to 

Marylandôs barrier islands 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 2008). It is therefore 

timely to investigate how marine environments are likely to influence lagoon nursery habitats 

and the fish assemblages they support.  

 

In a past Maryland Sea Grant supported project (Murphy and Secor 2006) we found that juvenile 

fish abundances and assemblage structure displayed remarkable inter-annual stability across the 

coastal bays during a twelve-year period.  We initially hypothesize that this observed stability 

was due to strong spatial connectivity 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 in the natural 

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 dredging (Duck and da Silva 2012).  As such, many maintained 

lagoons have permanent and exaggerated connections to the marine environment.  Artificially 

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 inter-annual changes in marine forcing can result in 

dynamic and unstable assemblage dynamics.  We hypothesize that the gradient from pelagic, 

marine-oriented to demersal, structure-oriented species assemblages is more pronounced when 

marine influence is low, while a homogenous 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 external processes (oceanic forcing) through changes in dispersal, water quality, or 

overall lagoon geomorphology (Panda et al. 2013).  Periods of increased marine influence, 

exacerbated by anthropogenic reinforcement of marine exchange, should cause lagoon 

assemblages to be increasingly dominated by mobile marine species.  Alternatively, during 



5 

 

periods of increased internal stability, structural agencies such as sea grass cover may moderate 

oceanic forcing, resulting in a gradient from marine to resident-dominated assemblages. 

 

This study investigated spatial gradients and long term changes in assemblage structure for 

Assawoman and Isle of Wight Bays (Table 1) using (1) directed field surveys in 2009 and 2012 

designed to detect the influence of inlet proximity on fish assemblage structure and diet, and (2) 

analysis of a long-term trawl survey, conducted 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 structure.  Please note that results and text for this report 

were drawn from drafted M.S. thesis material by Mr. Michael OôBrien, a co-author of this report.  

 

Table 1. Characteristics of the Maryland northern coastal bays (adapted from Dennison et al. 

2009) 

Lagoon Surface Area (km2) Watershed Area (km2) Av. Depth (m)Volume (106 m3) Flushing rate (days)Population

Assawoman 20.9 24.7 1.2 27 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 area-swept estimates of abundance, we compared juvenile abundances across 

habitat-types, and investigated the underlying composition of juvenile fish assemblages.  Single 

and multi-species patterns in occurrence and abundance were used in multivariate analyses to 

test the influence of inlet proximity on assemblage structure in two contrasting years ï 2009 and 

2012.    

Objective 2.  Compare tropic niches for juvenile fishes across the coastal bay-nearshore 

ocean ecocline.   Using direct diet and stable isotope analysis, trophic niche dependency was 

evaluated for two dominant species, bay anchovy and weakfish.  We tested the degree of pelagic 

versus benthic food web dependency in years of opposed oceanic forcing (2009 ï lower ocean 

forcing; 2012 ï higher ocean forcing).   

Objective 3.  Evaluate evidence for spatial fidelity to a primary nursery habitat versus 

evidence for exchange of individualôs nursery habitats.   A retrospective examination of 

Maryland DNRôs trawl survey was performed to evaluate the role of ocean (mean tidal height) 

and coastal bay (sea grass density) drivers on long-term assemblage change. (This objective was 

modified based on the lack of paired species samples in lagoon and coastal habitats for stable 

isotope analysis).   
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Objective 1: Compare habitat productivity between coastal bay and 

nearshore ocean habitats.   

Approach 

 

Field sampling was conducted on August 18-19 (summer) and September 21-22, 2009 (fall), as 

well as August 8, 2012 (summer).  A 7-m benthic balloon trawl (3.8 cm body mesh, 0.64 cm 

mesh cod-end liner) was towed for 6 minutes (approx. 0.5 km) in north-south transects at each 

site.  Sample sites 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 

north-south transect, with the southernmost stratum proximal to the baysô confluence with the 

ocean within Isle of Wight Bay, the middle stratum including sites influenced by the St. Martinôs 

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. Martinôs River within Assawoman Bay.  The 

nearshore strata were also separated on a north-south 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 ju venile fish species were identified to the species level, counted, and measured (total 

length) to 1.0 mm.  Surface and bottom dissolved oxygen (mg L
-1

), temperature (°C), and salinity 

were recorded using a conductivity, temperature, and depth profiler prior to each trawl 

deployment (Tables 2 and 3). 

 
 
Fig. 1 Sampling sites for targeted survey (Summer and Fall 2009, Summer 2012) and Coastal Bays Fisheries 

Investigation (CBFI) sites. Open squares represent unused CBFI sites within the northern coastal bays. The northern 

(N), central (C), and southern (S) arrays used in the direct survey are labeled. Similarly, the sub-watersheds used in 

the CBFI (Assawoman Bay (AW), Isle of Wight Bay (IW), St. Martinôs River (SM), and the Ocean City Inlet (INL)) 

are labeled. 
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Table 2. Catch-per-unit 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 

recorded for Aug 2012 survey. 

Date Array Depth Mean SD Mean SD Surface Bottom Surface Bottom Surface Bottom

Aug-09 CB N 1.4 370.7 65.3 9.5 3.5 28.4 28.4 25.7 25.8

Aug-09 CB C 1.5 717.7 211.7 8.5 0.7 28.3 27.7 27.8 28.1

Aug-09 CB S 1.3 843.3 954.0 8.3 2.1 28.0 27.7 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 OC C 8.2 221.9 154.7 10.5 4.5 24.4 23.1 30.0 30.3

Aug-09 OC S 9.7 206.5 123.1 10.8 2.5 23.9 22.2 30.0 30.4

Aug-09 OC N 9.6 385.2 242.1 8.5 3.1 23.9 23.0 29.9 30.2

Sep-09 CB N 1.2 203.2 310.0 6.3 0.6 21.9 21.8 23.8 23.8

Sep-09 CB C 1.1 4.6 4.1 2.3 2.1 22.2 22.2 25.9 25.9

Sep-09 CB S 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 OC C 10.6 153.9 82.2 10.3 4.6 22.8 21.5 29.0 29.8

Sep-09 OC S 10.2 544.6 437.7 9.3 2.8 22.4 21.6 29.4 29.6

Sep-09 OC N 11.1 1397.6 2320.1 7.5 3.7 22.6 21.4 29.2 29.7

Aug-12 CB N 1.1 466.8 161.3 9.0 2.7 28.6 27.9 26.0 26.6 5.9 4.1

Aug-12 CB C 1.5 615.2 191.1 5.7 2.1 28.5 28.4 26.7 26.8 5.4 4.5

Aug-12 CB S 1.3 2073.0 1172.4 9.3 3.1 28.0 28.1 27.5 27.3 6.6 6.4

Temperature (°C) Salinity Dissolved Oxygen (mg/L)CPUE (fish trawl-1) Species Richness

 
 

Table 3. Catch-per-unit-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 
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Atlantic menhaden* Brevoortia tyrannus 0.21 0.08 

Windowpane flounder* Scophthalmus aquosus 0.17 0.07 

Bullnose ray* Myliobatis freminvillei 0.14 0.06 

Northern pipefish* Syngnathus fuscus 0.13 0.05 

Northern puffer* Sphoeroides maculatus 0.12 0.07 

Oyster toadfish* Opsanus tau 0.11 0.06 

Bluntnose ray* Dasyatis sayi 0.10 0.06 

Hermit crab Pagurus sp. 0.10 0.10 

Smooth dogfish* Mustelus canis 0.10 0.04 

Inshore lizardfish* Synodus foetens 0.09 0.06 

Keyhole sand dollar Mellita quinquiesperforata 0.08 0.08 

Southern kingfish* Menticirrhus americanus 0.08 0.05 

Atlantic jacknife clam Ensis directus 0.07 0.05 

Crevalle jack* Caranx hippos 0.07 0.05 

Naked goby* Gobiosoma bosc 0.07 0.04 

Northern searobin* Prionotus carolinus 0.07 0.04 

Blackcheek tonguefish* Symphurus plaguisa 0.06 0.06 

Clearnose skate* Raja eglanteria 0.06 0.03 

Bluerunner* Caranx crysos 0.06 0.04 

Striped searobin* Prionotus evolans 0.05 0.04 

Smooth butterfly ray Gymnura micrura 0.05 0.03 

Harvestfish Peprilus alepidotus 0.05 0.03 

Whelk species Busycon sp. 0.04 0.04 

Spider crab species Libinia sp. 0.04 0.03 

Smallmouth flounder Etropus microstomus 0.03 0.03 

Lookdown Selene vomer 0.03 0.03 

Lined seahorse Hippocampus erectus 0.03 0.03 

Stout razor clam Tagelus plebius 0.02 0.02 

Feather blenny Hypsoblennius hentz 0.02 0.02 

Spanish mackerel Chilomycterus schoepfii 0.02 0.02 

Striped burrfish Scomberomorus maculatus 0.02 0.02 

Tautog Tautoga onitis 0.02 0.02 

Brown shrimp Penaeus aztecus 0.02 0.02 

Atlantic moon snail Cancer irroratus 0.02 0.02 

Atlantic rock crab Neverita duplicata 0.02 0.02 

Black drum Pogonias cromis 0.02 0.02 

Northern kingfish Menticirrhus saxatilis 0.02 0.02 

Cancer crab Cancer sp. 0.02 0.02 

Atlantic horseshoe crab Limulus polyphemus 0.02 0.02 

White mullet Mugil curema 0.02 0.02 

Commensal crab Carcinus maenas 0.02 0.02 
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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) procedure (Clarke 1993).  To investigate the pattern of 

assemblage structure within the coastal bays with increasing distance from the ocean, a RELATE 

test by seriation (Clarke 1993) was used.  For this test, each site was coded by its distance from 

the inlet, with a distance of ñ0ò representing the inlet site closest to the ocean, decreasing 

negative numbers representing increasing distance into the ocean, and increasing positive 

numbers representing increasing distance into the bays.  Bray-Curtis similarities between sites 

are then ranked from most- to least-correlated.  The degree to which the order of ranked 

correlations corresponds to the order of site distances reflects 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 drive them were depicted using correspondence analysis (CA) in the vegan library 

(Oksanen et al. 2013) of the R statistical software (R Core Team 2013).  As species collected 

during sampling may respond in a modal 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 ordination post hoc.  Because surface 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 were observed in the northern coastal bays but 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 the coastal bays 

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 gradient spanning 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 19 invertebrate 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, total catch-per-unit-effort (CPUE, fish trawl
-1

) 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 intermediate CPUE and the nearshore ocean having 
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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, which 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 habitats and lowest in fall 

2009 (declines of 28-60% 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 passed a 5% 

incidence and CPUE inclusion rule (Table 3).  Species assemblage did not significantly differ 

among coastal bay strata in any season or year, but significantly differed among habitat types, 

and between seasons and years (ANOSIM, Table 4).  In both the summer and fall of 2009, 

coastal bay species assemblages varied 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 serial progression 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).  Non-significant assemblage 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 a two-way test. The R-statistic and p-value 

of the ANOSIM and resulting pair-wise 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 

Pair-wise contrasts         

 CB v INL 0.798 0.008  0.517 0.003  0.627 0.005 

 CB v OC 0.633 0.001  0.856 0.001  0.796 0.001 

 INL v OC 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 near-zero values on the first axis and negative near-zero 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 
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samples, one each from the northern 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 

composition between sites in August 2012 was more self-similar than 2009 samples.  August 

2009 samples were ordinated mostly in the fourth quadrant, ranging from negative values on the 

first axis and near-zero values on the second axis to positive values on the second axis 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 associated with the presence of northern pipefish, searobin, 

naked gobies, harvestfish, and crevalle jack.  September 2009 sites were the least self-similar of 

those sampled.  As such, there was no discernible pattern in September species composition. 

 
Fig. 4. Correspondence analysis of Aug 2009 (), Sept ( ) 2009, and Aug 2012 () directed surveys. Dashed 

lines show significant environmental gradients found in post-hoc analyses.  The center of a speciesô name indicates 

its ordination score.For certain low-impact species, ñ+ò symbols were used in place of the speciesô name to reduce 

over-plotting. 

 
 

Post-hoc correlation 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 distance from 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 that the assemblage may have been driven by salinity.  

September 2009 scores were more evenly distributed across gradients, suggesting that forcing 

other than the measured environmental variables may have influenced assemblage structuring in 

this month. In contrast, the 2012 assemblage ordinated orthogonally to the salinity/distance 

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

inlet. 

 
Fig. 5. Ordination of samples from correspondence analysis with significant environmental gradients from post-hoc 

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 2009 (grey, boxed), and August 2012 

(black, unboxed) sampling are shown. 

Implications 

 

As revealed by the short-term surveys, spatial structure of the juvenile fish community within 

Marylandôs northern coastal bays and the role of external and internal forcing on the spatial 

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 serial changes. The coastal bay 

assemblage occurred over a gradual gradient in salinity (1.4 ï 5.4 units).  Although salinity 

gradients are often cited as a cause of species assemblage changes (Weinstein et al. 1980, 

Wagner 1999), a gradient over the noted salinity range would not be expected to be of biological 

importance for the marine-estuarine species found in the Maryland lagoons (Bulger et al. 1993). 

Lagoonal biological zonation may occur due to the degree of interaction between internal, lagoon 
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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) posits that 

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, non-significant results of the RELATE by 

seriation and ANOSIM tests within the nearshore habitat of 2009 supported Moullotôs concept: a 

homogeneous marine species source supplying an environmentally structured coastal lagoon.  

These features may have been particularly 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 structuring:  SAV within the northern bays 

was at an all-time high in 2009 (second only to 2010 levels, Orth et al. 2012). Conversely, the 

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

comparatively lower-level of environmental structuring and biological zonation.  The differences 

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 

follow Mouillotôs metacommunity framework, where the interplay between internal and external 

environments dictates a lagoonôs assemblage. 

 

 

Objective 2.  Compare tropic niches for juvenile fishes across the 

coastal bay-nearshore ocean ecocline.   
 

Approach 

 

Field sampling is described above (Objective 1). In the field, young-of-year weakfish (Cynoscion 

regalis) and bay anchovy (Anchoa mitchilli) were immediately frozen under dry ice and held in a 

-20°C freezer until processing.  In the laboratory, stomachs were removed from partially-thawed 

specimens and placed in ethanol in preparation for direct diet analysis.  Prey items were 

identified to the lowest taxon possible, enumerated, air-dried, and weighed to the nearest 

hundredth of a milligram (10
-5

 g).  Those making up less than 3% of total items, by weight, or 

occurrence within at least one month-stratum 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.  Tissue was rinsed in de-ionized 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, and 0.2-1.2 mg 

was stored in tin capsules until stable isotope analysis.  Stable 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:N ratio, an index of lipid 

content, of coastal bay and nearshore samples was low (<4.5 for both tissues), lipid extraction 

and subsequent correction was not conducted.   
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Due to frequent variations in the isotopic values of primary producers (Cabana and Rasmussen 

1996, Post 2002), the baseline isotopic value of coastal bay and nearshore habitats were 

represented by concurrently-collected primary consumers.  As fleshy primary consumers have 

slower tissue turnover rates than primary producers, the isotopic values of their tissues often 

reflect the average, integrated isotopic value of the system (Post 2002, Woodland et al. 2011).  

The ribbed mussel, Geukensia demissa, and the blue mussel, Mytilus edulis, were collected from 

one bay and one ocean location, respectively.  The average isotopic value of the mussels was 

assumed to represent the isotopic value of their respective systems. Investigation of trophic-level 

shifts using ŭ
15

N was not conducted in this study, as temporal changes in baseline isotopic values 

could not be resolved. 

 

Tissue samples of fish and bivalve specimens were analyzed for 
13

C and 
15

N isotope 

concentrations using a continuous-flow isotope ratio mass spectrometer at the Colorado Plateau 

Stable Isotope Laboratory in Flagstaff, Arizona.  Measured 
13

C and 
15

N was reported in the delta 

notation relative to Vienna Pee-Dee Belemnite and air standards, respectively.  Delta notation is 

represented as follows, where  represents the heavy isotope species and  represents the ratio 

of heavy to light isotope in the sample or standard: 

 

                                                  
Findings 

 

Bay anchovy 

 

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 larvae were the most dominant (Fig 6).  

Decapod larvae were the second-most 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 was rather 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 2009 habitat strata which showed <5% contribution to 

diets. 

 

By weight, decapod larvae were the dominant prey item in all seasons, strata, and years except 

for summer 2009 nearshore samples (Fig 7).  Here, the weight of highly-digested crustacean 

biomass (as determined by degraded carapaces) and other prey items (namely, the incidence of a 

single preyed-upon fish) accounted for 80% of prey by weight.  While other-category items 

accounted for the second-most weight, copepods and unidentified crustaceans made small but 

ubiquitous contributions to diets according to weight. 
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Fig. 6  Bay anchovy diet in Marylandôs northern coastal bays (Bay) and associated nearshore ocean (Nearshore) in 

summer and fall, 2009 (ó09) and 2012 (ó12).  Diet is reported as the percent of prey items found within the gut for 

each habitat-season-year comination. Bivalve references only the larval stage. 

  
 
Fig. 7  Bay anchovy diet in Marylandôs northern coastal bays (Bay) and associated nearshore ocean (Nearshore) in 

summer and fall, 2009 (ó09) and 2012 (ó12).  Diet is reported as the percent of weight accounted for by each prey 

item found within the gut for every habitat-season-year comination.  Crustacean biomass refers to unidentifiable 

items that can clearly be labeled as crustacean in origin. Bivalve references only the larval stage. 

 
 

Anchovy muscle ŭ
13

C displayed an increasing trend from the farthest-inland bay sites to the 

nearshore ocean during summer of 2009 (Fig 8).  Conversely, ŭ
13

C values were unaffected by 

distance to the OCI within the nearshore ocean, remaining relatively constant throughout the 

sites surveyed.  Fall 2009 samples also displayed relatively lower ŭ
13

C values than summer in the 
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coastal bays, with more elevated values than summer in the nearshore.  Unfortunately, there were 

not enough anchovy caught within the bays to resolve spatial trends.  Anchovy liver ŭ
13

C 

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 muscle in the fall, 

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

to muscle tissue, liver ŭ
13

C was slightly depleted in all seasons, environments, and years.  This 

was most likely due to the higher prevalence of lipids in liver tissue than in muscle tissue (Post 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 (Fig 9).  The ŭ
13

C value 

of both anchovy muscle and liver tissue remained between -20.0ă and -20.5ă as distance from 

the OCI decreased, with liver tissue slightly depleted when compared to muscle. 
 
Fig. 8  Bay anchovy ŭ

13
C values for muscle and liver tissue in the summer and fall of 2009 along a gradient from the 

most-distal coastal bay site to the most-distal 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 anchovy ŭ
13

C values for muscle and liver tissue in the summers of 2009 and 2012 along a gradient 

from the most-distal coastal bay site from the Ocean City inlet to the Inlet. 

 
 

 

Weakfish 

 

Weakfish diet was more diverse than that 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, while a few large juvenile fish dominated weight (Fig 10, 11).  Mysid 

shrimp were the numerically dominant species in summer 2009 nearshore samples, as well as for 

both environments in fall 2009.  Juvenile fish (particularly bay anchovy) were the dominant prey 

items by weight in summer 2009 nearshore and fall 2009 coastal bay samples; mysid shrimp 

dominated the majority (>97%) of prey weight in fall 2009 nearshore samples.  In 2012, 

amphipods were the most numerically abundant prey items, while, similar to coastal bay samples 

in fall 2009, juvenile anchovy were the highest by weight.  
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Fig. 10  Weakfish diet in Marylandôs northern coastal bays (Bay) and associated nearshore ocean (Nearshore) in 

summer and fall, 2009 (09) and 2012 (12).  Diet is reported as the percent of prey items found within the gut for 

each habitat-season-year comination.  

 
 

Fig. 11  Weakfish diet in Marylandôs northern coastal bays (Bay) and associated nearshore ocean (Nearshore) in 

summer and fall, 2009 (09) and 2012 (12).  Diet is reported as the percent of weight accounted for by each prey item 

found within the gut for every habitat-season-year comination.  Crustacean biomass refers to unidentifiable items 

that can clearly be labeled as crustacean in origin. 

 

Weakfish muscle and liver ŭ
13

C in summer 2009 did not show the same increasing pattern with 

decreasing distance to the ocean found in anchovy tissue; ŭ
13

C values were relatively constant 

within the bays, but became progressively more enriched with increasing distance from the Inlet  




































