8. Macrobenthos (polychaetes, crustaceans, mollusks, other)
Joseph J. Vitaliano, Steven A. Fromm, and Vincent G. Guida (nodes #9-12)

Background

Macrobenthos are defined as invertebrates living in or on the sediments that are
quantitatively sampled by a 0.1 m> Smith McIntyre grab and are retained on a 1.0 mm or 0.5 mm
sieve. In the NEFSC, a 1.0 mm sieve was used until the middle of 1979 and a 0.5 mm sieve was
used thereafter. Wet weight biomasses were determined for each species in a sample by blot-
drying the species collections on absorbent paper towels for about three minutes and weighing
them to the nearest mg (Holme and MclIntyre 1984). Wet weight biomasses include the shell in
molluscs, the carapaces in crustaceans, and the tests in echinoderms. For EMAX, the
macrobenthos were separated into four major taxonomic groups (polychaetes, crustaceans,
molluscs, and other) that will occupy separate network compartments. The macrobenthos group
“other” contains the echinoderms, nemerteans, tunicates, and coelenterates.

The specific feeding mechanisms for many benthic invertebrates in nature are uncertain.
For example, polychaetes with well-developed jaws and eyes were found in field surveys to have
their fecal matter packed with algal cells and enzymes in their gut capable of digesting cellulose
(Warwick et al. 1979). Many spionid polychaetes are surface deposit feeders under low flow
conditions but switch to filter feeding under high flow conditions (Dauer ez al. 1981). In general,
the polychaetes on the Northeast U.S. Continental Shelf Ecosystem are deposit feeders, filter
feeders, omnivores and carnivores. The bivalve molluscs such as Arctica islandica, Spisula
solidissima, and Pitar morrhuanus are filter feeders but the bivalves Nucula proxima and Tellina
agilis are deposit feeders. Gastropod molluscs are generally carnivores and scavengers. The
crustaceans are carnivores, scavengers, deposit feeders, filter feeders and omnivores. The
nemerteans are generally carnivores, while the tunicates are filter feeders. Although the
coelenterates are mostly carnivores, the smaller Cerianthids (a dominant coelenterate in our
collections) are considered suspension feeders on live and dead material. Sand dollars are a
dominant echinoderm in the NEUS Ecosystem and are deposit and suspension feeders. The sea
cucumber, Molpadia oolitica, is locally abundant in the GOM and is a deposit feeder. Brittle
stars are particle feeders and sea stars are carnivores (Caracciolo and Steimle 1983).

Species Lists

Over 2,000 benthic invertebrate species have been identified in the NEFSC surveys in the
NEUS Ecosystem and their individual biomasses have contributed to the total biomass of the
taxonomic groups in the four EMAX regions. The species listed in Table 8.1 include the 10
dominant taxa in terms of total biomass from each of the taxonomic groups in each geographic
region.

Data Sources

Since no benthic data were available for the EMAX regions between 1996 and 2000, we
used historical data contained in the Oracle table BENCAT (Benthic Survey Catch database,
NEFSC) to estimate biomass for the four macrobenthos taxonomic groups in the EMAX regions.
BENCAT includes grab data from a number of surveys conducted by the NEFSC in the NEUS
coastal and shelf waters over the past 40 years. These included Wigley and Theroux benthic
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sampling between 1956 — 1964; Ocean Pulse and Northeast Monitoring Program 1979-1985; and
the 12 Mile Dump Site Study 1986-1989 (Wigley and Theroux 1981; Steimle 1990; Reid ef al.
1991; Theroux and Wigley, 1998).

Quantitative Approach for Biomass Estimates

The total wet weight biomass for each taxonomic group (polychaetes, crustaceans,
molluscs, and others) within a grab sample was summed for all grab samples within a specific
geographic region (GOM, GB, SNE and MAB) over all years. This value was divided by the
total number of grab samples taken within the specific geographic region over all years. Only
those grabs where biomass data were available were used to calculate this total. This result is an
estimate of the average wet weight biomass in g 0.1 m™ for the specific taxonomic group in the
specific geographic region over all years. This value was multiplied by 10 to extrapolate the
estimate from the area of the grab (0.1 m™) to a square meter.

Example Results

The biomass estimates for the taxonomic groups in each of the EMAX regions (Figure
8.1) are comparable to previously published biomass estimates for the same regions, e.g., Wigley
and Theroux benthic sampling between 1956 — 1964 (Wigley and Theroux 1981; Theroux and
Wigley 1998) and Ocean Pulse (Steimle 1990).

The biomass estimates for macrobenthos on the NEUS Continental Shelf Ecosystem
(Figure 8.1) are subject to a number of possible errors. There were differences among the four
geographic regions in the total number of data points (grab samples) that were used to estimate
biomass values for the entire geographic region. The total number of Smith Mclntyre grab
samples taken from each of the geographic regions break down as follows: GOM = 330, GB =
344, SNE = 1,648, and MAB = 487. There were also differences in the temporal and spatial
distribution of the grab samples within each of the geographic regions. It is well known that the
abundances and biomasses of individual marine benthic invertebrate species can be highly
variable in both time and space. Thus it cannot be certain if the biomass values (Figure 8.1) are
an accurate estimate of the biomasses for the entire geographic region or are representative of the
biomasses for the four taxonomic groups between 1996 and 2000 (the time period being modeled
in EMAX). However, Steimle (1990) suggests a long-term stability in overall biomass on the
NEUS Ecosystem based on data from the Ocean Pulse surveys. Another source of error was the
use of different sieve sizes to process the samples in the various surveys. Theroux and Wigley
(1998) used a 1.0 mm sieve and Reid et al. (1991) used a 0.5 mm sieve. The Ocean Pulse
monitoring surveys (Steimle 1990) used a 1.0 mm sieve from 1978 until the first half of 1979
and a 0.5 mm sieve thereafter. Steimle (1990) compared the retention efficiency between the 1.0
mm and 0.5 mm sieves. On average, the 0.5 mm sieve retained only 4% greater biomass than the
1.0 mm sieve. Since this difference is low, no adjustments were made to the biomass estimates.

A number of other possible errors were identified in the macrobenthos biomass estimates.
For a number of invertebrate species on the NEUS Ecosystem, there was overlap in the biomass
data between the macrobenthos, sampled by Smith McIntyre grab, and the megabenthos,
sampled by scallop dredge, otter trawl, and the Campbell grab. Since the Smith McIntyre grab
does not quantitatively sample larger mobile invertebrates very well, we made the following
adjustments to the macrobenthos biomass estimates to eliminate this overlap. The biomasses for
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decapod crabs were subtracted out of the biomass estimate for macrobenthos - crustaceans, the
biomasses of Arctica islandica and Spisula solidissima were subtracted out of the biomass
estimate for macrobenthos - molluscs, and the biomasses for the asteroids (starfish) were
subtracted out of the biomass estimate for macrobenthos - other. The biomass data for all these
taxa will be included in the megabenthos compartments. In another situation, the total biomass
for an unknown bivalve species in one grab sample from the MAB was 0.5 the total biomass for
all molluscs in all 487 grab samples in that region. This one grab contained 12,000 bivalve
individuals with a biomass of 3,242 grams. It is unknown if these data are real or if there is a
data entry error. Since the data from this one grab collected from the offshore waters near the
Chesapeake Bay would have heavily influenced the biomass estimate for molluscs over the
entire MAB region, we decided to eliminate the data from this grab in the biomass calculation.

Method for Estimating Annual Macrobenthos Production

A number of studies (Wildish 1984; Collie 1985; Steimle 1989; Steimle et al. 1990;
Maurer et al. 1992; Seitz and Schaftner 1995; Sarda etz al. 2000) have directly measured the
production of benthic invertebrate species populations along the NEUS coast. Of these studies,
Collie (1985); Steimle (1989); and Steimle ef al. (1990) have measured production in the open
waters of the NEUS Ecosystem within the EMAX geographic regions. The species for which
production estimates have been made represent a small fraction of the important species in terms
of biomass in the four EMAX geographic regions (see Table 8.1). Direct production
measurements are costly and labor intensive.

Since production data are not available even for the most common species of the NEUS
Ecosystem, the general relationship between production and biomass, the P:B ratio, was used to
estimate production for each of the taxonomic groups (polychaetes, crustaceans, molluscs, and
others) in each of the geographic regions. To help with the decision regarding the best P:B ratios
to use for the EMAX network, we relied extensively on Steimle (1985; 1987), the studies listed
in the first paragraph, and Brey (1990), Cartes ef al. (2002), Steimle ef al. (2002) and others.
Steimle (1985; 1987) determined the most appropriate P:B ratios to use for a number of
taxonomic groups on Georges Bank and the NY Bight based on published P:B ratios from the
direct production studies of species from the NEUS Ecosystem and on production studies of
similar species at similar latitudes from around the world. The specific P:B ratios used to
calculate production for the macrobenthos compartments in the EMAX network (Table 8.2) were
determined based on the dominant species in each taxonomic group within each geographic
region (Table 8.1).

The use of P:B ratios to estimate production is subject to a number of general errors as
well as errors specific to its use in the EMAX network. The production of a given invertebrate
population at a given site is dependent on the annual temperature regime, the quality and quantity
of food influx, the size of the individuals in the population, life span, and most likely other
environmental and biological variables. The P:B ratio does not account for these variables
(Steimle 1990; Brey ef al., 1996; and Sarda 2000). In the EMAX network, the P:B ratio is
applied to all species in a given taxonomic group and all habitats within a wide geographic
region to estimate production over that entire region.
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Consumption

Background

Consumption rates have been measured for only a few benthic invertebrate species, and
most measurements have been conducted under laboratory conditions and for filter feeding
bivalves. There are no measurements of consumption rates for the benthic invertebrates in the
four EMAX regions. Both Valiela (1995) and Dame (1996) estimated ecological efficiency
(P:C) at approximately 10% based on literature values for invertebrates and bivalves,
respectively.

Quantitative Approach for Estimates

We used P:C = 0.10 to estimate consumption from our production estimates for the
macrobenthos nodes in the four EMAX regions. These are crude estimates since consumption
rates for benthic invertebrates in the field are dependant on temperature, size, age, and food
supply (Valiela, 1995; Velasco and Navarro, 2005).

Example Results

Table 8.3 shows the estimates for production and consumption of the macrobenthos
nodes. Production was calculated from the biomass estimates (Figure 8.1) and the derived P:B
ratios (Table 8.2). Consumption was calculated using the production estimates for each
macrobenthos node and an assumed ecological efficiency of 10 percent.

Macrobenthos (polychaetes, crustaceans, molluscs, other) respiration estimates

Background

There is considerable literature on respiration rates among benthos. Most published work
falls into two basic categories: benthic system respiration (e.g., Hopkinson et al. 2001) and
respiration of selected benthic animal species (e.g., Emerson ef al. 1988). Neither of these
categories provided data directly applicable to the current study. Most benthic system studies do
not treat functional grouping (like our nodes) separately, and data on such factors as size
distributions, feeding status, activity level, and life history stage and temperature responses are
inadequately known for all but a few of the nearly 2,000 benthic species of the NEUS Ecosystem
(Theroux and Wigley 1998). One study in which system respiration was built up from individual
species data and partitioned into functional groupings (Piepenberg ef al. 1995) is from an arctic
system whose species composition, temperature and depth regimes are so different from ours that
comparison is questionable.

Quantitative Approach for Respiration Estimates

For the reasons described above, we chose to estimate respiration values for the
macrobenthic nodes from other composite parameters for the same groups:
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(EQ. 8.1) R=C XEA X0.65,
Where R is respiration, C is consumption, E, is assimilation efficiency, and 0.65 represents the
fraction of assimilated energy that is typically respired by ectotherms (Parry 1983). Values for

assimilation efficiencies for this purpose were derived from Valiela (1995).

Example Results

Table 8.4 shows the estimates for respiration of the macrobenthos nodes. Respiration
was calculated using Equation 8.1 and the specific assimilation efficiency.
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Table 8.2. P:B ratios used to estimate production for the macrobenthos compartments in the EMAX network.

GOM GB SNE MAE
Polychaetes 2.5 25 25 2.5

Crustacea 3.0 3.0 3.0 3.0
Molluscs 2.0 2.0 2.0 2.0
Other 2.0 2.0 2.0 2.0

Table 8.3. Production and consumption values for macrobenthos.

Region Taxonomic Group Production Consumption
g/m’/yr wet wt. g/m’/yr wet wt.

GOM Macrobenthos - POLYCHAETES 33.7290 337.2902
GOM Macrobenthos - CRUSTACEANS 5.5049 55.0491
GOM Macrobenthos - MOLLUSCS 37.7935 377.9352
GOM Macrobenthos - OTHERS 144.7836 1447.8364
GB Macrobenthos - POLYCHAETES 12.9177 129.1766
GB Macrobenthos - CRUSTACEANS 49.3944 493.9439
GB Macrobenthos - MOLLUSCS 21.6856 216.8564
GB Macrobenthos - OTHERS 163.3574 1633.5744
SNE Macrobenthos - POLYCHAETES 88.5906 885.9059
SNE Macrobenthos - CRUSTACEANS 18.4225 184.2251
SNE Macrobenthos - MOLLUSCS 86.3779 863.7791
SNE Macrobenthos - OTHERS 78.0826 780.8258
MAB Macrobenthos - POLYCHAETES 30.9974 309.9743
MAB Macrobenthos - CRUSTACEANS 9.8666 98.6661
MAB Macrobenthos - MOLLUSCS 131.1182 1311.1815
MAB Macrobenthos - OTHERS 189.0246 1890.2460

' Assuming a 10 per cent ecological efficiency
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Table 8.4. Respiration values for macrobenthos.

Consumption gm>  Assimilation Respiration g m™

Region Taxonomic Group yr'wet wt. Efficiency yr'wet wt.
GOM Macrobenthos - POLYCHAETES 337.2909 0.5 109.6195
GOM Macrobenthos - CRUSTACEANS 55.0491 0.5 17.8910
GOM Macrobenthos - MOLLUSCS 377.9352 04 98.2632
GOM Macrobenthos - OTHER 1447.8364 0.5 470.5468

GB Macrobenthos - POLYCHAETES 129.1766 0.5 41.9824

GB Macrobenthos - CRUSTACEANS 493.9439 0.5 160.5318

GB Macrobenthos - MOLLUSCS 216.8564 04 56.3827

GB Macrobenthos - OTHER 1633.5744 0.5 530.9117

SNE Macrobenthos - POLYCHAETES 885.9059 0.5 287.9194

SNE Macrobenthos - CRUSTACEANS 184.2251 0.5 59.8732

SNE Macrobenthos - MOLLUSCS 863.7791 04 224.5826

SNE Macrobenthos - OTHER 780.8258 0.5 253.7684
MAB Macrobenthos - POLYCHAETES 309.9743 0.5 100.7416
MAB Macrobenthos - CRUSTACEANS 98.6661 0.5 32.0665
MAB Macrobenthos - MOLLUSCS 1311.1815 0.4 340.9072
MAB Macrobenthos - OTHER 1890.2460 0.5 614.3300

MACROBENTHOS
BIOMASS
\
180
160

140
1201
100

g/m? wet wt.

- TOTAL
OTHERS
MOLLUSCS
CRUSTACEANS

POLYCHAETES

Figure 8.1. Biomass estimates in grams per square meter wet weight for the taxonomic groups in the four EMAX

regions.
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