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ABSTRACT

Salt marsh degradation and loss is accelerating in many regions of the United States as well
as worldwide. Multiple stressors are often responsible, sometimes including crab burrowing
and herbivory. A recent national assessment identified stark differences in crab indicators
between northern and southern New England, with the latter exhibiting intense signs of im-
pacts by crabs, but more details on crab patterns across the entire region are needed beyond
this “broad-brush” assessment. Our study used green crab (Carcinus maenas (Linnaeus, 1758))
traps, intensive marsh platform burrow counts, and a new multi-metric index of relative
crab abundance to examine patterns in marsh crabs across four National Estuarine Research
Reserves in New England. Crab indicators from the multi-metric index and burrow counts
were higher in southern New England marshes; patterns from trapping of green crabs were
less clear. At the marshes examined, green crabs were very abundant in Maine, lower in New
Hampshire, and intermediate in southern New England. Our study confirms that abundance
and impacts by crabs vary dramatically between sites in northern and southern New England,
and provides improved context for managers and researchers when considering impacts to
marshes from multiple crab species across New England and elsewhere.

Key Words: burrowing habit, crab assessment method, herbivory, multi-metric index, re-
gional assessment, salt marsh sampling, sea-level rise

INTRODUCTION Vu et al., 2017). New evidence suggests that growth of marsh-crab

. populations is sometimes linked to increasing levels of marsh in-

Rescarch gnd management communities have lopg been  fo- undation, which allows crabs greater access to high marsh habi-
cused on Impacts to tld%l S?h marshes f.rom th§1C31 Stressors tats during flooding and can weaken soils and facilitate burrowing
such as ditching, eut.rophlcau.on, hydrologic restrictions, and ac- (Crotty et al., 2017; Raposa et al., 2018). One recent broad-scale
cclcratln.g sca-level rise (Burdick & Roman, 2012; Df:cgan e al., study across US marshes revealed that crabs and their impacts
2012; V1nc§nt e al., 2013; Raposa et al., 2017). In regions such as are common, but not ubiquitous, across the country, with very
central California, southern New England, and the mid-Adantic different patterns between northern and southern New England
USA, concern 15 growing Over Impacts to marshes frorp mereasmg (Wasson et al., 2019). Carcinus maenas (Linnaeus, 1758) (green crabs,
populations of crabs. Some crab species are beneficial to marsh hereafter Carcinus) was the only species captured in northern New
vegetation when abundance is low (e.g,, Bertness, 1985), but when England, whereas species of Uca (marsh fiddler crabs, hereafter
populatlon's greatly 'expand, they may elicit negative impacts to Utca), Sesarma reticulatum (Say, 1817) (purple marsh crab, hereafter
marshes via burrowing and/or herbivory (Holdredge e al., 2009; Sesarma), and Carcinus were all abundant in southern New England.
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Carcinus 1s known to consume a wide variety of benthic marine
macrofauna (Mascaré & Seed, 2001) and has been implicated in
declines in soft-shelled clam (Mya arenaria Linnaeus, 1758) popula-
tions in northern New England (e.g., Bryan et al., 2015). Carcinus
also prey upon juvenile fishes (e.g., winter flounder Pseudopleuronectes
americanus (Walbaum, 1792)) (Fulton et al., 2013) and compete with
American lobsters (Homarus americanus H. Milne Edwards, 1837)
for space and resources (Rossong et al., 2006; Williams et al., 2006;
Haarr & Rochette, 2012). Other work suggests that the abundance
and distribution of Carcinus in some estuarine systems may cur-
tail lobster catch, increase the number of antagonistic interactions
with lobsters, and limit foraging and shelter use by small juvenile
lobsters (Rossong et al., 2011; Goldstein et al, 2017; Rayner &
McGaw, 2019). Surveys by the Wells National Estuarine Research
Reserve (NERR), Maine have documented extremely high abun-
dances of Carcinus in marshes and linked crabs to increased
creekbank erosion potential via vegetation loss and reduced soil
strength (Aman & Wilson Grimes, 2016).

While Carcinus can be common in southern New England
marshes, Sesarma and Uca are more abundant and impactful. For
example, many studies have documented extensive Sesarma bur-
rowing and herbivory on Spartina alterniflora Loisel (smooth cord-
grass) in marshes from Long Island Sound to Cape Cod, which
can facilitate erosion and loss of seaward marsh edges (c.g,
Holdredge et al., 2009; Wilson et al., 2012; Coverdale et al., 2013a).
Fiddler crab distributions, primarily Uca pugnax (Smith, 1870)
(Atlantic marsh fiddler), have also expanded within marshes due to
increased flooding from sea-level rise (Luk & Zajac, 2013). Impacts
to salt marsh geomorphic integrity by Uca are caused by exces-
sive burrowing, which occurs primarily along seaward edges but
can extend to the upland edge (Luk & Zajac, 2013; Raposa et al.,
2018). The relative degree of impacts to southern New England
marshes, and the extent to which these impacts co-occur, is not
well known, although conditions associated with sea-level rise can
benefit cach species (Crotty et al., 2017; Raposa et al., 2018). In
the Narragansett Bay NERR, Rhode Island, U pugnax and its bur-
rows are extremely abundant, and creekbank Sesarma grazing is
also conspicuous in some areas; Carcinus is common but impacts
are not as apparent (Raposa et al., 2018). Similar conditions also
occur across a limited extent of the Waquoit Bay NERR, Cape
Cod, MA (KBR, unpublished data).

Crabs are clearly a concern for marshes across New England,
with Uca and Sesarma populations resulting in extensive damage
across southern marshes and abundant Carcinus populations re-
sulting in damage to some northern marshes. Is the degree of
damage caused by each particular species, or the collective stress
across species, similar in the two New England sub-regions? This
is difficult to answer from studies that are localized to one marsh
or estuary, especially if employing different methodologies. The

use of the same or directly comparable methods in broad-scale
New England marsh assessments are rare and, to our knowledge,
none have been conducted during the recent period of acceler-
ated sea-level rise and increasing crab abundance. Our goal was
to provide a regional perspective by concurrently sampling crabs
across four New England NERRs using multiple survey methods
and sampling gears to fill the gap between crab studies localized
to one estuary (e.g., Goldstein et al., 2017; Raposa et al., 2018) and
national-scale assessments (Wasson e al., 2019). Further, this de-
sign advances our understanding of relative crab impacts between
northern and southern New England marshes and tests whether
the sampling methods we used identify comparable distributional
patterns across sites.

MATERIALS AND METHODS
Study sites

Crabs were sampled utilizing three distinct methods at a total of
nine salt marshes (either discrete marshes or sections of larger
marshes) within the four New England NERRs. These marshes
include the Coggeshall and Nag marshes in Narragansett Bay,
RI, three sections of the Sage Lot Pond marsh in Waquoit Bay,
MA, the Great Bay Farms and Sandy Point marshes in Great Bay,
NH, and two sections of marsh in the Webhannet River estuary
in Wells, ME (Table 1, Fig. 1). Our initial goal was to use all three
methods in all nine marshes. This was ultimately undertaken at
six of the nine marshes, but only one or two of the methods was
used at the remaining three marshes due to logistical or personnel
constraints at some NERRs (Table 1). Despite this variability in
sampling sites, each method was used in marshes stretching from
RI to ME, thus providing an independent, broad-scale assessment
of crabs in New England marshes.

All marshes contained vegetative communities characteristic
of New England marsh systems (i.e., dominated by S. alterniflora
in lower elevation zones that are frequently flooded, and by a
mix of salt meadow grasses and forbs in irregularly flooded, high
elevation zones) (see Niering & Warren, 1980; Supplementary
material Table S1). All marshes also comprised a mosaic of
habitat types, including vegetated marsh platforms, ditches,
pools, and subtidal and intertidal creeks. Hydrology, salinity, and
other physical characteristics, however, varied among marshes
(summarized in Table 1).

Field sampling

We used three methods for two reasons: 1) to provide a more thor-
ough assessment of regional crab patterns than could be obtained
by a single method while avoiding inherent biases and limitations

Table 1. Descriptive information on each of the sampling marshes in this study. Marsh codes correspond to those shown in the maps in Figure 1. Daily tide

range, temperature, salinity, and dissolved oxygen (DO) data are means during the study period from YSI sondes or Hobo dataloggers deployed with green

crab traps at each marsh. Percent (%) bare is the mean cover of unvegetated marsh from burrow count sampling. Blank cells indicate that data were not col-
lected at that marsh. “X” indicates when a sampling method was used at a marsh.

NERR Marsh name Code Latitude Longitude Tide range Temperature Salinity DO (mgl-') % bare Trapping Burrows CAM
©) (ppt)
Wells, ME Webhannet section | WEBI 43.322 -70.563 X
Webhannet section 2 WEB2 43.329 -70.560 2.1 17.8 225 8.5 04 X X X
Great Bay, NH Great Bay Farms GBF  43.061 -70.832 24.7 15.3 74 X X
Sandy Point SP 43.056 -70.904 18.6 16.5 7.0 03 X X X
Narragansen Bay, Rl Coggeshall COG 41651 -71342 12 24.7 28.0 4.4 39.7 X X X
Nag West NAG 41625 -71.325 0.6 24.4 29.6 4.3 346 X X X
Wagquoit Bay, MA Sage Lot Pond section | SLI 41553 -70.512 447 X
Sage Lot Pond section 2 SL2 41554 -70.507 0.5 25.4 30.0 3.8 363 X X X
Sage Lot Pond section 3 SL3 41553 -70.504 0.4 25.8 25.2 4.4 36.4 X X X
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Figure 1. Locations of the four National Estuarine Research Reserves (NERR) sites in New England, USA studied (left) and specific marshes that were
sampled within each NERR (right). Wells ME, WEL (A); Great Bay NH, GRB (B); Waquoit Bay MA, WQB (C); Narragansett Bay RI, NAR (D). Full marsh

names that correspond to the codes shown here are listed in Table 1.

of single methods (Rozas & Minello, 1997) that are often designed
for a specific habitat type (e.g., crab traps in creeks, pitfall traps on
the marsh surface), and 2) to introduce alternate sampling methods
to all reserves that previously used one or two methods or were not
sampling at all, which may have obscured a clear understanding
of patterns across the region. We assessed crab abundance using:
1) crab traps set in shallow subtidal marsh creeks; 2) intensive
marsh platform burrow counts; and 3) a new multi-metric index
of crab abundance that is referred to as the crab assessment
method, or CAM index. All three methods were used during June
through September 2015 to capture summer and fall conditions.
Hereafter, “marsh” refers to individual marshes, and “site” to the
four NERRs, which included multiple marshes as described above.

Crab traps

In seven of the nine NERR study marshes (Table 1), two replicate
standardized Carcinus traps (“Blanchard”-style design, obtained
from the Maine Department of Environmental Protection; 93 cm

length, 48 cm diameter, 40 cm funnel opening, 1.3 cm mesh size;
see Young et al., 2017) were deployed for a 24 hr period, approxi-
mately bi-weekly. One trap was set in an upstream segment of a
main tidal creek and one in a lower segment of the same creek,
separated by ~ 50 m between the two traps. We chose locations
for trapping that were: 1) adjacent to an impacted section of
marsh where there was direct evidence of crab burrowing activity;
and 2) deep enough at low tide to ensure continuous submergence
of the entire trap. Traps were baited with fresh-frozen herring
and all traps received the same amount of bait, which was sus-
pended in the center of the trap using a mesh lobster-bait bag.
During each sampling period, we deployed either a YSI water
quality datasonde (model 6600; YSI, Yellow Springs, OH, USA)
or a HOBO pendant temperature logger (model UA-002-08 or
U24-002-C; Onset Computer, Bourne, MA, USA) at each marsh
to collect temperature and (with the YSI) other basic water quality
data throughout each trap deployment. All crabs from each trap
were either enumerated, sexed, and measured in the field using
calipers (standard carapace width, CW, to the nearest I mm) or
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tagged and frozen for later analysis in the laboratory. All crabs
were removed and properly disposed of between sampling events
following permit requirements.

Burrow counts

Burrow density (number m?) was quantified on one day from 20
replicate quadrats (0.5 X 0.5 m) in seven of the nine marshes (Table
1). Five quadrats were sampled in cach of four different habitat
types (bare creekbanks, vegetated creekbanks, marsh platform, and
marsh/upland transition zone) in three marshes. Bare creekbanks
were absent in the remaining four marshes, and all creekbank
burrow counts were collected from vegetated creekbanks. All crab
burrows greater than 3 mm diameter were counted in each quadrat.

Crab assessment method (CAM index)

The CAM index is a new multi-metric index introduced herein
that integrates field data for six metrics of crab abundance into
one overall composite index score. Data for the six CAM index
metrics were collected on one day along five random transects
in eight of the nine study marshes (Table 1), with each transect
including two sub-components arranged in a “I" pattern: a tran-
sect running parallel to a creck for 20 m along the marsh/creek
edge (the “creekbank” transect sub-component), and a second
transect running from the center of the creekbank transect, land-
ward across the marsh platform to the upland edge (the “platform”
transect sub-component). On each transect, 10 platform quadrats
(0.5 m X 0.5 m) were spaced equidistantly from each other at dis-
tances based on overall transect length, and five creekbank quad-
rats were spaced 4 m apart. Four of the metrics were taken along
the creekbanks: crab abundance, burrow density, % grazed stems,
and % bare ground. The remaining two metrics were taken across
the marsh platform: crab density and burrow density.

The creckbank crab metrics were defined as: 1) abundance as an
assigned score based on the number of crabs observed while walking
the 20 m creekbank length (0 = none; 1 = low [< 10], 2 = medium
[10-100], 3 = high [> 100]), 2) burrow density (number m?) as
the number of burrows larger than 3 mm width counted in each
quadrat and multiplied by four, 3) % grazed stems is the percentage
of up to 12 randomly selected S. alterniflora stems in each quadrat
that showed clear signs of Sesarma grazing (Holdredge et al., 2009),
and 4) % bare ground is the percent cover of bare ground in each
quadrat determined by the Braun-Blanquet visual method (Kent
& Coker, 1992). The platform metrics were calculated as 1) crab
density as the total number of crabs observed by two observers
walking a 2 m wide band of platform marsh along a transect from
water to upland, divided by transect area (length X 2 m wide) and
2) burrow density as described above for creekbanks.

An overall CAM index score for each marsh was calculated by
1) ranking each of the six metrics across the eight marshes where
the CAM index was conducted (8 = highest marsh score for a
metric, 1 = lowest score), 2) summing all the metric ranks at each
marsh, 3) dividing that sum by 48 (the maximum possible total;
six metrics, eight marshes), and 4) multiplying by 100. Overall
marsh CAM index scores could therefore range from ~13 to 100
with higher scores indicating higher crab abundance or impacts
on marsh structure. We are using burrow density as a general in-
dicator of crab impacts. This indicator must be considered in con-
text because at low densities, Uca burrows can actually prove to be
beneficial to marsh vegetation (Bertness, 1985).

Statistical analyses

We compared Carcinus CPUE (mean 24 hr catch and effort for cach
sampling site per month, as in Young et al., 2017) across NERRs using
two-way ANOVA with site and month as main factors, followed by
Holm-Sidak pairwise comparisons to identify significantly different

pairs of sites or months. We compared median Carcinus sizes across
sites (pooled across months) using ANOVA on ranks and Dunn’s pair-
wise comparisons because the data were non-normal. We did not stat-
istically compare data from burrow counts or the CAM index across
sites because each of these methods was only used once per marsh,
and comparisons would have had very limited statistical power due
to small sample sizes (1-3 marshes per NERR). Instead, for these
methods we calculated a mean for each indicator at each marsh and
averaged those across marshes within each NERR to explore pat-
terns across the region. Spearman correlations were run comparing
at the marsh level: 1) mean Carcinus CPUE, 2) overall burrow density
(pooled across all habitats), and 3) overall CAM index scores to deter-
mine if the methods correlated with one another or if they produced
different results. All statistical tests were run using SigmaPlot version
14.0 (Systat Software, San Jose, CA, USA).

RESULTS
Crab traps

Size distributions of Carcinus were generally similar among the
Narragansett Bay, Waquoit Bay, and Wells NERRs with a mode
around 50 mm CW (ranges of 20-91 mm, 5-79 mm, and
19-76 mm at these three sites, respectively); the mode of the dis-
tribution at Great Bay was between 60-65 mm CW (range of
35-74 mm) (Fig. 2). Median Carcinus size was significantly dif-
ferent among sites (ANOVA on ranks, /7 = 215, P < 0.001), with
larger crabs at Waquoit Bay compared to both Narragansett Bay
and Wells (Dunn’s test, P = 0.002 and P < 0.001, respectively).
This difference is largely due to proportionally fewer individuals
smaller than 50 mm CW at Waquoit Bay compared with the other
sites. Carcinus CPUL also varied significantly among sites (two-
way ANOVA, F'= 28, P < 0.001; no differences among months,
F =1, P = 0.40), with higher catches at Wells compared to all
other sites (Holm-Sidak test, 7 < 0.001 for each test); relative pat-
terns among all sites were similar each month, although declines
over time were observed in Narragansett and Waquoit Bays, likely
due to disposing of crabs after each sampling session (Fig. 3). By
far, most crabs in Great Bay, Waquoit Bay, and Narragansett Bay
were male (70%, 75%, and 70%, respectively) but relatively more
females were captured in Wells (59% males). To summarize the re-
sults from Carcinus trapping, Carcinus were largest in Waquoit Bay,
but much more abundant and with more females in Wells.

Burrow counts

Burrow densities were much higher in Narragansett Bay com-
pared to other sites, and in southern New England marshes com-
pared to northern sites (Iig. 4). Burrows were extremely high in
bare creekbanks in Narragansett Bay (site mean = 176 burrows
m~?) and decreased steadily across habitats moving towards the up-
land. Burrows were about equal in bare and vegetated creckbanks
in Waquoit Bay and, again, lower towards the upland. Burrows
were very low or absent in all habitats in northern New England
marshes, and never found on the marsh platform or in the tran-
sition zone (in contrast to southern New England, where burrows
were found across the entire marsh).

Crab assessment method (CAM index)

Overall CAM index scores, and five of the six metrics included
in the index, decreased steadily moving north from Narragansett
Bay to Wells; the only metric without a clear regional trend was
% bare along creekbanks (Fig. 5). All six metrics were by far
highest in Narragansett Bay marshes, and all metrics except %
bare creekbanks were very low or zero in Great Bay and Wells.
Metric scores were also very low in Waquoit Bay except for plat-
form burrow density, which was intermediate.
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Figure 2. Size-frequency distributions and median size (carapace width
in mm) of green crabs Carcinus maenas in the four New England National
Estuarine Research Reserves (NERRS). NAR, Narragansett Bay, RI; WOQB,
Waquoit Bay, MA; GRB, Great Bay, NH; WEL, Wells, ME. Note the dif-
ferent scales of the y-axes.

Correlations across marshes

At the marsh level, burrow density and overall CAM index
scores were positively correlated with each other (M = 6 marshes,
r.=0.94, P = 0.02), but neither was correlated with mean marsh
C. maenas CPUE, (versus burrow density, N = 6, r.=-0.03, P=1.0;
versus overall CAM index, N'= 6, r = 0.04, P = 0.91).

DISCUSSION

Our study corroborates a recent national-scale assessment that
northern and southern sub-regions of New England exhibit stark
differences in the distribution and abundance of marsh crabs
(Wasson et al., 2019). Crab communities in southern New England
marshes are dominated by Uca, with Sesarma and Careinus common
but less abundant. Carcinus is generally the dominant species in
northern New England, sometimes in great abundance, but Uca
and Sesarma are rare or absent. Other studies show that northern
marshes are primarily impacted by Carcinus burrowing along
creekbanks, and southern marshes by a combination of Uca bur-
rowing in multiple habitats and Sesarma creekbank herbivory (and
to a lesser extent, burrowing) (Holdredge et al., 2009; Aman &
Wilson Grimes, 2016; Raposa et al., 2018). In our study, however,
the integrative and novel CAM index that includes multiple indi-
cators of crab abundance and impacts across the marsh landscape
clearly shows greater overall impacts to southern New England
marshes, perhaps due to the presence and behavior of multiple
species that were absent in the northern marshes.

Crab trapping surveys from our study documented Carcinus
in both northern New England NERRs, but abundance varied
greatly among marshes. The high CPUE in the Webhannet
Marsh (Wells NERR) supports earlier work from Maine that ele-
vated Carcinus abundances may impact marshes via creekbank
burrowing (Aman & Wilson Grimes, 2016). This pattern, how-
ever, is not ubiquitous across even northern New England as evi-
denced by comparably lower catches in the Great Bay NERR
marshes (although we note that seasonal fluctuations can occur
and are more likely to be taken into account in studies of longer
duration than ours; see Fulton et al. 2013). The general pattern
of lower Carcinus abundance in Great Bay marshes compared to
Wells NERR marshes in our study could be due to a wide var-
lety of environmental factors (e.g., depth, biotic interactions, prey
abundance, shelter availability, salinity) that drive the distribution
of this species in these areas (reviewed in Cosham et al., 2016).
Great Bay is also a unique northern New England estuary in that
it is expansive and deep, possibly providing numerous alternative
subtidal habitats for Carcinus (Goldstein et al., 2017) that were not
included in our study area. In contrast, Carcinus abundance is rela-
tively low in southern New England marshes (compared to other
species, such as Uca), where its direct impacts to marsh morph-
ology are relatively minimal as it can use Sesarma burrows rather
than digging new ones (Coverdale et al., 2013b). In some cases, the
presence of Carcinus can be beneficial via competitive and preda-
tory impacts to Sesarma, which allows dieback marshes to recover
(Bertness & Coverdale, 2013). In summary, although Carcinus is
pervasive across New England salt marshes, it is difficult to make
broad generalizations at a regional scale because its abundance
and impacts vary greatly among marshes.

Burrow counts and CAM index assessments (which include a
burrow count component) revealed consistently higher crab indi-
cators in southern than in northern New England marshes, with
highest levels in RI. We caution, however, that the small number
of marshes in our study may not indicate true patterns among
southern New England marshes. Many studies document severe
impacts to marshes across this area, including for example, in
Cape Cod from intense creekbank Sesarma herbivory (Holdredge
et al., 2009), RI from both Uca and Sesarma (Bertness et al., 2014;
Raposa et al., 2018), and C'I' from Sesarma herbivory (Schultz et al.,
2016). Crab impacts to an individual southern New England
marsh likely depend strongly on site-specific conditions including
predator abundance and the relative amount of elevation capital/
inundation, resulting in high variability even among nearby
marshes (Altieri et al., 2012; Raposa et al., 2018). We also caution
that the CAM index does not capture all potential impacts from
crabs to New England marshes (e.g., food web interactions); thus,
the trends observed here are a conservative estimate of impacts.
Our study was also limited to a single assessment, and patterns
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Figure 3. Mecan catch-per-unit-effort (CPUE) of Carcinus maenas captured at the four New England National Estuarine Research Reserves (NERRs). NAR,
Narragansett Bay, RI; WOB, Waquoit Bay, MA; GRB, Great Bay, NH; WEL, Wells, ME. Error bars are 1 SE.
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Bay, NH and Wells, ME were very low (3.6 and 0.2 burrows m? in vegetated creekbanks in Great Bay and Wells, respectively; absent from all other habitats),
and plots for these sites are not shown. BCB, bare creekbanks; VCB, vegetated creckbanks; MP, marsh platform; TRANS, marsh/upland transition; NAR,

Narragansett Bay, RI; WOB, Waquoit Bay, MA. Error bars are 1 SE.

among marshes may vary in future studies (e.g.,, Uca or their bur-
rows were not observed in Great Bay, but have since been photo-
graphically verified in the Sandy Point Marsh (PS, unpublished
2016 data)). Overall, however, crab impacts in our study were
considerably higher in southern than in northern New England
marshes.

Comparisons of relative crab impacts to marshes across dif-
ferent areas of New England is hindered by the use of different
sampling gears among studies. We found a strong correlation
between burrow counts and the CAM index at the marsh level,
indicating that these two sampling methods produce similar data
and results, but neither method correlated well with crab trap-
ping. This is not surprising because these methods target different

species and are used in disparate habitats. Crab traps are typically
set in subtidal marsh habitats such as creeks and channels to col-
lect larger crabs, some of which may not necessarily directly use
or impact the marsh platform proper. In contrast, burrow counts
and the CAM index focus exclusively on crabs and their impacts
to the marsh platform from creckbanks to the upland border and
are not species-specific. Coastal managers are largely focused on
maintaining and increasing the resilience of existing vegetated
salt marsh platforms (Wigand et al., 2017). From that perspective,
methods that focus on vegetated habitats such as burrow counts
or the CAM index may be more appropriate for gauging crab im-
pacts to southern New England marshes compared to trapping
in creeks. In northern New England, where Carcinus impacts to

6102 JoquanoN 6] Uo Jasn pue|bug map Jo AlsiaAiun Ag 664929S5/£80ZNJ/[0100l/S60 L 0 L/10p/AoBISqe-8]01ie-80URApPE/gol/W00 dnoolwapede//:sdiy Wolj papeojumoq



NEW ENGLAND SALT MARSH CRABS

QOverall score

100

80

60 -

40 -

Rapid assessment score

20 -

NAR WQB

Creekbank - abundance score

Creekbank - burrow density

GRB WEL

Creekbank - % grazed stems

25 100 14
® -
= o 12
8 20 ‘e 80 2
3* 10 -
@ & g
g 15 Z 60 @ g
g : 3
S5 1.0 3 a0 3 6
Gl 3 CE
k=] =®
8 05 § 20 5.
0.0 0 0 -
NAR WQB GRB WEL NAR WQB GRB WEL NAR WQB GRB WEL
Creekbank - % bare Platform - burrow density Platform - crab density
80 5 0.6
£ g0 e a4 05
g7 * i}
E=3 =
g £ 04
3 =3 3
540 2 03
) 52 B
[} = $ 02
@ 2 | ] al
® E 1 0.1
0 0 0.0

NAR WQB GRB  WEL

NAR WQB GRB WEL

NAR WQB GRB WEL

Figure 5. Results from the crab assessment method (CAM) index. The overall multi-metric index score, pooled across marshes within each National
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creekbanks is the current focus, crab traps in creeks may still be
more appropriate.

Of the two methods we used on the marsh platform, we rec-
ommend the CAM index because it provides more information
on a variety of crab indicators for approximately the same effort
as conducting more extensive burrow counts. As with other multi-
metric indices for marshes (e.g., Raposa e al., 2016), the CAM
index we present here can easily be modified in future assessments
to include other metrics of crab abundance and impacts. A future

version of the CAM index could include an additional crab trap-
ping component to provide crab metrics from subtidal creek,
creekbank, and marsh platform habitats for an even more com-
prehensive assessment. If assessed across multiple dates, the CAM
index could also be used to document and track ecosystem change
over time, which may be of interest to managers.

Our study compared data from three different crab-sampling
methods, but many more are available, and each can provide data
specific to different habitats. Examples include: 1) enclosure traps
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with high capture efficiencies that produce estimates of densities
in shallow aquatic habitats such as creeks and pools (Raposa ¢t al.,
2003) or on the marsh surface (Roman et al., 2002); 2) pitfall traps
to estimate relative abundance of different species on the marsh
platform (Bertness et al., 2014; Raposa et al., 2018); and 3) cam-
eras to capture time-series photographs or videos (e.g.,, Hemmi &
Zeil, 2003; Bergshoeff ef al., 2018). The variety of crab-sampling
methods is advantageous because one or more should be appro-
priate for addressing most questions, but caution is advised be-
cause each gear has inherent biases and produces diverse types of
data, which may be interpretively inconsistent (Rozas & Minello,
1997; Young et al., 2017), making comparisons challenging.

Concern over crab impacts to New England marshes is growing,
and with it a need for accurate and efficient crab-sampling
methods that effectively assess impacts to help guide management.
To our knowledge, aside from perhaps crab trapping (see Young
et al., 2017) and some enclosure traps (Raposa et al., 2003), most
marsh-crabs sampling methods have unfortunately not been ad-
equately evaluated and cannot yet be recommended for large-scale
or long-term monitoring as well as for inter-comparisons. Pitfall
traps, for example, may be a good choice because they are easy
to deploy, inexpensive, can be readily standardized, and provide
relevant data on community composition, abundance, size and
habitat use. But in terrestrial habitats, pitfall traps have been re-
peatedly shown to be highly biased and ineflicient (e.g., Topping
& Sunderland, 1992; Spence & Niemela, 1994, and references
therein). If this is also true in marsh habitats, pitfall traps may
not be a good choice for monitoring. We therefore recommend an
increased emphasis on evaluating multiple marsh crab-sampling
methods to improve guidance on gear selection for both localized
and larger-scale studies.

With many southern New England marshes already on a trajec-
tory towards submergence (Watson et al., 2017), crab abundance
and impacts in this region are unlikely to increase further and may
even decline as marshes are lost to drowning (Raposa et al., 2018).
We expect impacts to increase in northern marshes over time, how-
ever, as burrowing and herbivorous species extend their range north
(Johnson, 2014) and become more abundant in marshes that should
eventually experience net reductions in elevation capital as inunda-
tion increases with sea-level rise. Our results therefore represent a
quantitative baseline to which future marsh crab assessments might
be compared to document responses to climate change, sea-level
rise, and other stressors. Future work should nevertheless sample
additional sites having larger sample sizes.

SUPPLEMENTARY MATERIAL

S1 Table. Vegetation in New England National Estuarine
Research Reserve (NERR) marshes.
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