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ABSTRACT

Benthic invertebrates represent a major link between primary
productivity and higher trophic levels, such as bottom feeding fish
and crabs. When anthropogenic activities, such as dredge material
disposal, threaten the benthic community, the potential damage to
higher trophic levels should be considered. Studies of secondary
productivity allows for an estimate of potential productlon losses as
a result of dredge material disposal activities. However, predatory
fish are usually unable to feed on organisms deep in the sediment,
therefore secondary production is not equally available. Partitioning
benthic production into ‘available and unavailable units facilitates a
more reliable estimate of potential biomass losses to higher trophic
‘levels.

Two sites from the Wolf Trap region of the Chesapeake Bay have
been selected as potential dredge disposal areas. A study of benthic
secondary production was carried out to determine potential disposal
related effects on production availability to higher trophic levels of
the disposal. From stomach content analysis of fish taken in the
area, four species were determined to be trophically important;
Euclymene zonalis, Paraprionospio pinnata, Nephtys picta (cf.
sryptomma) and Macoma femta. The polychaete Chaetopterus variopedatus

was included in the study because of its role in structuring the
community and add1ng biogenic refuges. The species was not found in
the available portion of the sediment, and thus did not bias the
available product1v1ty estlmates. These five species produced 26.42

+/-6.79 g AFDW/m /yr at the Wolf Trap Primary site and 31.52 +/-

13.11 g AFDW/m /yr at the Wolf Trap Alternate site. Available
productlon to fish species in the upper two centlmeters from these two

sites was estimated to be 6.82 +/- 5. 44 g AFDW/m /yr and 7.44 +/- 6.45

g AFDW/m /yr respectively at the two sites. 051ng a transfer
efficiency of 15%; the Wolf Trap Primary site could support fish
production of 35.8 +/- 28.6 metric tons of ash-free dry weight and the
Wolf Trap Alternate site could support 54.6 +/- 47.4 metric tons of
ash-free dry weight. Damage of the benthic community could result in
a loss of some or all of this biomass production.



INTRODUCTION

Benthic invertebrates represent a major link between primary
production and pigher trophic levgls such as bottom feeding fish and
crabs, both in the‘simpiified primary producer—benthic*organism-pélagic
consumer food chain (Parsons and Takahaéhi, 1973; Houston and Haedrich
1986), and in more realistic food webs (Steele, 1974; Mills and
Fournier, 1979; Moeller et al., 1985). Energy, in tﬁe form of biomass,
flows from primary producers through the benthic community to higher
trophic levels. The structural complexity'of-a community is an
iﬁédfficient%basis for c;ﬁstructing energy flow pathways of this nature.
Many benthic community iﬁpéct stgdies deal only with the community
structure, such as abundénces aﬁd biomass values. Changes of these
parameters, however, are not always linked to other ecosystem changes
(Mathews et al;, 1982). ff is now accepted that measurements of benthic
secondéry product%on are;ﬁeeded in order to assess a resource value of a
benthic community (Borkowski, 1974; Burke and Mann, 1974; Mills, 1975;
Warwick and Price, 1975, and Diaz and Fredette, 1982). |

'Since estﬁafiﬁe and shallow water marine environments serve as
important spawniqg, nursery, and feeding grounds for many economically

important species, activities that may potentially disrupt the bottom

fauna need to be thoroughly investigated (De La Cruz, 1973; Oviatt and
Nixon, 1973; Diaz and Fredette, 1982). Many studies have reported

community structure alterations by waste and dredge material disposal
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activities, but these did not address the potential effects of disposal
on the benthic food base responsible for supporting a fishery (Taylor
and Saloman, 1968; Reish and Kauwling, 1971; Pearce, 1972; Diaz and
Boesch, 1977; Reid et al., 1982; éfeimle et al., 1982; and Johnson and
Nelson, 1985). Secondary'production;s;udies are especially important
for predicting the impacé’from this type of disruption.

Production estimates have 1ong.beén of interest. The term
“production" has been defined by’Crisb (19{1) as: "The part of the
assimilated food or energy that is retained and incorporated in the
biomass of the organism, but e;cluding the reproductive bodies”". While
numerous authors have us;& the definition (Clark, 1946; Peer, 1970;
Winberg, 1971; Haitla?d and Hudspeth, 1974, and Wolf and de Wolff, 1977,
among others), methodg_of:e;timating secondary productién have varied.
Boysen-Jensen (19195, Anderson a;d Hooper (1956), Sanders“(1956), and
Teal (1957) estimated secondary production by summing the mortality of a
species between successive sample intervals, taking into account the
weight of the organismbat the time of loss. This method is commonly
known as the removai-summatidn method. Ricker (1946) and Allen (1949)
estimated prod;ctivity by{multipiying'thg‘instantaneoug rate of growth
of a épecieélby the stanQing:stock weight over a given time interval.
This method is;kﬁown;as the ‘instantaneous growth method.

The problem with these methods, as weil as thei? modified
versions, is that ﬁﬂey require having a single species of a knownhlife
cycle with easily fecogniiable c;horts to Qetermine rates. These
conditions are extremely difficult, if not impossible, to achieve with
many organisms (Hynes, 1961). Recognition of the inherent problems with

these methods lead Hynes (1961) fo formulate a new secondary production



estimation theory and approach, the Hynes method, which calculates
production on the basis of gummingibiomass losses between successive
size classes. Conceptual errors for the original method were corrected
by various authors (Hynes and Coléman, 1968; Hamilton, 1969; Benke,
1979; and Menzi, 1980), and the technique is now known as the size-
frequency method (Waters and Hokenstrom, 1980). Although Hynes original
idea was to treat all spé;ies'togéther to derive one community
production estimate, later modifications showed that this method was
most valuable when working with single, multivoltine species for which
individuals cohorts are nét clearly recognizable (see Waters and
Crawford, 1973 for more detailed examples of production estimate
methods) .

The original concept of secondary production estimation dealt only
with species that péssesséd clearly recognizable cohorts. For a species
vhich exhibits continuous reptod;ction, or steady state conditions in
Rigler and Downings' (1984) terminology, there is little to be gained by
trying to fo}}oﬁ developmental sfages or cohorts on a temporal scale
(Kimmerer, 1987). éampling frequencies for stead& state species need
not be-timed”tOFCatch parficular developmental stages, greatly
Sipplifying the task of pfoduction estimation in many instanceg.

Although benthic microfauna can make up as much as 87% of the
total commgnity secondary ‘production with meiofauna accounting for up to
107% andtbeﬁthic mac;ofauna (organisms which are ;etained on a 0.5 mm
sieve) as ligtle as 3% (Koop and Griffiths, 1982) to 8% (Rhoads et al.,
1978), it ha; been shown that micro-~ and meiofauna may not be directly
available to most demersal feeding fish (Sissenwine et al., 1984;

Collie, 1987). Therefore, benthic macrofauna appear to be especially



important as food items for demersal fish, and must be;thoroughly
examined when studying thg'economic resource value of a benthic
community.

‘The major?ty of'benghic secondary‘production estimates have been
conducted in-stfeam or ffééh water systems (Johnson and Brinkhurst,
l97lé,b; Jonasson, 1972§.M6rgan, 1972; Mason, 1977; Waters, 1977;
Tudorancea et al., 1979; Sﬁiayer et al., 1981; and Strayer and Likens,
1986). There have been fewér studies in marine or estuarine systems
(Sanders, 1956; Warwick et al., 1978; Diaz and Fredette, 1982; Howe and
Leathem, 1984). Productign estimates alone are not sufficient to
describe the energetics of an ecosystem; details of trophic relations
are required. Stqdies féqusing on individual species production often
give little or no thought to the trophic rélg of the organism, or how
the energetics of thg species effect the ecosystem. To evaluate the
trophic.;egourcg’valqe of the bottom, two types of data are required.
First, knowledge of the prey species of the major predators are needed.
Second, secondary production calculations of the prey species are
required.

A fev studies have incorporated trophic links when dealing with
ben;hic secondary production resource estimates. Smith (1950)
calculated quantitieg of invertebrates and related these values to the
fishery of Block Island Sound. Kuipers (1977) and Beukema (1974; 1976)
examined benthic prey production and related these data to predatioﬁ
pressures, Ptoducgibn of nine trophically important:maCrofaunal species
in a Chesapeake Bay submerged aquatic vegetation habitat was estimated
by Diaz and Fredette (1982). Evans (1983) investigated secondary

production of a shallow soft bottom community in a Swedish fjord to



determine the effects of epibenthic predators on the overall fishery.
The importance of a benthic invertebrate community to trout in a small
Danish stream was studied‘by Mo:tensén and Simonsen (1983). Howe and
Leathem (1984) determined”macrofaunaiproductivity_at three stations in
the Delaware Bay and Coastal Delaware and briefly related these values
to trophic transfer ratés. Steimle (1985) estimated production in a
sttessed’coastal area in the ﬁeerork Bight, and studied coﬁtaminated
sediment effects on the loéal-fishery via the benthic trophic link of
the food web. Probert (1986) studied energy transfer, in the form of
carbon flow, through the different components of the benthic community
(bagtéria, meio- and yacrofauna) into the bighet.trophic levels occupied
by demersal feééing fish.

A refinement on_trophic-production link studies has been
introduced by Lunz agd»Kéndall (1982) who developed the Benthic
Resources Assessment Technique (BRAT). This technique utilizes both

fish feeding habit data and benthic invertebrate community biomass data

to make an estimate of potential prey biomass (g/m2)1or energy (Kcal/mz)
available in a benthic area as a way to perform more detailed
envir#nmental impact studies. The vertical partitioning of biomass
within the sediment ;olumn is assumed to determine the percentage of the
total biomass is available to benthic predators.. AA assumption of the
technique is th;t only biomass found in the upper two'gehtimete;s is
availablg for transfer to the higher tropﬁic.levels. This technique
allows for an improved resource estimate to be made, as it disregards
biomass unavailable to higher trophic levels. However, BRAT generates

biomass data for only the time at which sampling occured, and therefore



does not allow for an estimation of potential transfer of biomass over
time. Secondary production estimations used in association with the
fish feeding habit data and biomass availability data from the BRAT
analysis will avoid this probleﬁ:andiprqduce an even stronger'assessment
of resource value. |

The Army Corps offgngineers is planning to deepen the Baltimore
Channel, the main navigatioqaljéhannel in the Chesapeake‘Bay, from 42°
to 507, which will result in approximately 33 million cubic yards of
dredge material vwhich is to be disposed of in two open water disposal
sites in the bay. Thrée channels are to be deepened. Part of the Cape
Henry and all ofbthe York Spit channels will go to the Wolf Trap
disposal area (Figure 1). The third channel slated for deepening, the
Rappahannock Shoals chamnel, is not a subject of this study. A
preoperational benthic baseline evaluation of the potential dredge
disposal sites was performed by the Virginia Institute of Marine Science
in coordination vith’the Army Corps of Engineers. Quantitative samples
were taken to dgtermine macrobenihic community composition (Diaz ;t'al.,
1985) and these data Gére then used for the BRAT analysis, the results
of which are reportéd’by Kendall et al. (1985).

Dredge material diqusal may effect organisms living on or in the
bottomsin_sevetgildifferent ways. The material may cause smothering or
burial, loﬁg-te¥m changes in species diversity and biomass, uptake of
toxic QrganiCS-apd may result in changes in sediment type and water
circulation (Ailen and Hafdy, 1980). Recovery times of the benthic
community vary greatly. Material composition has a large impact on
recovery tiﬁ;a; The time required for recolonization or recovery from

fluid mud disposaliranges from three weeks to three months (Diaz and



Figure 1

Wolf Trap Study Sites






Boesch, 1977). Organisms buried by more consolidated materials may
require a much longer recovery time (Mauer et al., 1981), If the
sediment subsFrate is altéred‘by the disposal material, predisposal
species may not be able to redolbnize‘the area (Allen and Hardy. 1980).
After recovery, the community may become more productive than the
predredging state (Saila et al. 1972), yet Hirsch et al. (1978) and
Wright (1978) have shown varying degrees of negative effect of dredge
material disposal aétiViéies;on demersal finfish populations due to
impacts on benthic invert;biates. One possible reason for these
negative impgcts-on fish populations while benthic productivity is high
was proposed;by Rhoads et al. (1978), who speculated that the species
responsible for this increased production are pioneering species with
high growth rates and short generation times, and'this'Cype of species
may not be an importaﬁt food item for the demersal‘feeéing fish of the
region. These data again point out the need for an understanding of
trophic links of ; food chain, and illustrate how simple production
estimates may be misleading.

The aim of tgi; study was to perfprm a*ttophic resource analysis
of the Wolflttay d?sposai'sites, in associa;ion w;th the Baltimore
Channel AquaciéfBehthos:investigation, empléying,different secondary
production estimates of @he ma jor benthic macrofauna utilized by fish as

food.

OBJECTIVES:

1.) To estimatefsecondary production for trophically important benthic

macrofauna.
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2.) To use these estimates to determine an overall study site

production estimate for érophically important benthic macrofauna.
3.) To determine the trophic resource value of the disposal areas.
'STUDY AREA

The Wolf Trap study area is located in the main basin of the lower
Chesapeake Bay. There are two potential disposal sites; the Wolf Trap

Primary (WIP) and the Wolf Trap Alternate (WAP) sites (Figure 1). The
Wolf Trap Primary site is centered at 37° 21 N, 76° 06 W and is
approximately 35 km2 in area. The Wolf Trap Alternate site is centered

at 37°°19 N, 76° 09 W and is appfoximately 49 km2 in area. The average
depth of the sites is 39 feet.

Chesapeake Bay is the largest estuary in the United States, with a
drainage area of 120,000 kmz and a yearly fresh water runoff rate of

1,600 m?'secml (Ludwick, 1973). The bay and its tributary estuaries have

a surface area of 11.5 X 1(_)-3

sz a mean low water volume of 74 km-3 with a
mean dgpthAof §.S-Q.(Schube1 and Pritchard, 1986). The circulation
patterﬁ of the bay generally follows that of a partially mixed coastal
plain estuary, with low salinity water flowing seaward overriding a
lower layer of higher salinity water coming into the bay.

Details on the study area are presented in Schaffner (1987) and

Wright et al, (1987). Briefly, the study site characteristics are as
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follows. The study sites are in a section of the bay described as bay-

stem plains or basin. These plains experience near bottom currents of

over 20 cm sec:-l at an elevation 20 cm above the bed and 40 cm sec;l‘one
meter above the bed. The”pléins are flat and composed of fine-grained
sediments and exhibit small-sc#le'biologécally induced roughness. On
both the mesoscale and large scales, the plains are relatively smooth in
texture., The surface‘isfcharacterized by high densities of tube
dwelling organisms (Wright et al. 1985). There is an east-west gradient
in sediment size for bofh'study sites, with a higher sand content on the

eastern side of the bay, agreeing with the cross Qay'gradient described

by Byrne et al. (1982),
SAMPLING SCHEDULE

In association with the Baltimore Channel Aquatic Benthos

Investigation, samples were taken at the WIP and WAP disposal areas five

times;
Fall November, 1983
Winter February, 1984
Spting May, 1984
éummgr August, 1984
Fall November, 1984

Six sampling stations were used at the WTP site and eight at the

WAP site. Station coordinates are listed in Table 1.



TIBLE 1. Statién‘Iongi:ude and latitude coordinantes for stations
used for secondary production estimations.

STATION ‘ }vwrni'ux‘m‘ ——————ToWTTORE
WTP 01 37°23.56' ﬁ 76° 7.97"
WTP 02 137°23.44 76° 6.63
wTP 08 37°21.75" 76° 6.93"
WTP 09 37°21.75' 76° 5.71
wTP 17 37°19.62' 76° 8.11'
WTP 18 37°19.46 76° 6.82"
WAP 01 37°21.02' 76°10.99
VAP 04 37°18.77 76°11.01"
WAP 05 37°18.84 76° 9.56
WAP 06 37°18.89" 76° 8.02'
WAE 09 137°17.7§' 76° 8.91'
AP 11 37°16.64 76° 9.86
VAP 13 37°15.45" 76°11.89

., : e ‘O ]
WAP 15 37°15.41 76°-9.28




- METHODS

SAMPLING TECHNIQUES

All samples were collected from the 28 meter research vessel Tern

using a U.S. Naval Electronics Laboratory spade box-corer. The box-

cote:lsamples‘a surface area of 0.0ﬁﬁz. Three cores per station were
taken and used in this study. Tﬁo cores. were sieved shipboard on a 0.5
nm mesh sievg, transferred to cloth bags and fixed in 10% buffered
formalin. !9,the laboratory the nonpartitioned cores were sorted to

ma jor taxonomic levels (ﬁolychaetes, gastropods, bivalves, crustaceans,
nemerteans, echinoderms, anemones, phoronids, flétworms and others).
Taxa were biomassed to the nearest 0.0! gram and then identified to the
lowest possible taxonomic level. The third core was partitioned into
four depths (0-2 cm, 2-5 c¢m, 5-10 cm and 10-15 cm), each sieved and
preserved separately. Afﬁer sorting the partitioned core, each
taxonomic group from each depth interval was washed through a nested
sieve series (6.3 mm, 3.3 mm, 2.0 mm, 1.0 mm and 0.5 mﬁ) and the
formalin fixed biomass values of all organisms of each size interval
determined. All orggnisms-were then stored in 707 ethanol for later
secondary production gstimation. Dissolved oxygen concentrations were

measured from bottom water samples using standard titration methods.

14



The depth of the Redox Pqtential Discontinuity, a measure of the depth
at which the sediment ;pproaches anaerobic conditions, was estimated
from“photograéhs taken with a sedihent;profiling camera system. Small
sediment core samples were'takeﬁ and analyzed in the laboratory.

Organic content samples were taken and frozen for laboratory amalysis to

determine total organic carbon.
DETERHINATIQR OF TROPHICALLY IMPORTANT SPECIES
Trophic resource analysis necessitates the ideptification of

species which are trophically important to primary prgaators. In this

region of the Chésapeakefﬁay fish predators are primarily the demersal

feeding»spo; Leiostomus xhn;hn;ga Lacepede and Atlantic croaker
uig:ngggnniga gndnla;na'(Linnaeus) (Kendall et al., 1985). Trawl

surveys and staméch content analysis of these species collected in the
study area by Kendall et: a1. indicated that the polychaete species
Englxmgng ;gnal;g (Verrxll) was a primary prey item. The polychaete
species Hggh;ga g;g;a (Ehlers; cf. cryptomma), a species identified in
'chesapeake.nay-as Hsgh;gs picta, but which may be Nephtys cryptomma
(uarper. 1986) legg;g amg;;gana Leidy and Paraprionospio pinnata
(Ehlers), and s1phons of the telllnld blvalve Macoma tenta Say also
appeared to be uc;llgeq by the spot and croaker (Kendall et al., 1985).
The large pdlyéhaete Qh3g;92Lg;n§ xa;inpgﬂa;ng (Renier) did not appear
to be an'important fishhgiey item. While not directly available to
higher trophic levelé. C, variopedatus is an important structuring agent
in the region, increasing habitat complexity and possibly adding

biogenic refuges for infauna (Schaffner, 1987). Biogenic refuges have

15



been shown to elevate infaunal densities (Orth, 1975, Dauver et al.,
1982). Thus this species was included in the study because of its
structural importance. The prqduqtion estimates of QL’gazigngda;gg
should not bias the es:imétgs;for évailablé production to higher trophic
levels because this species is'rarély found in the upper two centimeters
(L. Schaffner, pers. comm:). These five species accounted for 51% of
the total community macrofaunal abuﬁdénce, an& an even higher pércentage
of the community biomass (>90%). The abundance of the polychaete G.
americana later proved to be too;low for use'with~tﬁe_various secondary
production estimation techniques, and was subsequently removed from
consideration.

The Bravaurtis index measured the similarity of species
composition among stationms. Ove;all, there was compositional similarity
of species between stations in béth study sites (Diaz et al., 1985).
Because of'thislgimilarit&, it was assumed that the different stations
frog each study area were. all part of a single benthic community.
Thgrefdre, individuals of ‘each of the important prey species from the
fixed stations were pooled and assumed to be representative of their

respeétive study sites.
SECONDARY ‘PRODUCTION. ESTIMATION METHODS

Weight Determinations
Length-weight equations and secondary production estimates were
calculated for the individual species based on alcohol preserved wet

weights (WW). Dry weights (DW) were determined by drying samples for 24

16
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hours at 60°C. Ash-free dry weights (AFDW) were determined by ashing

dried samples at 500°C until a constant weight was obtained. Biomass or
production values expressed in AFDW are more reliable becaﬁse variations
in moisture and inorganicnéongentfgye taken into account (Leuven et al.,
1985). AFDW also gives a+more ?eliablg measurement of organic matter
for organisms wi;hlcalcatgousJSRéletons or shells. Ratios of DW/WW,

AFDW/DW and AFDW/WW were calculated for each species.

Correction Due To Preservation

In this study, the preservation techniques employed of preserving
the sample first in formalin then alcohol causes a great deal of weight
loss from the initial live weights (Howmiller, 1972; Leuven et al.,
1985). Since production measure;ents were made long after preservation
of the organisms, this weight logs must be corrected for. Few studies
have loocked at weight loss of unpreserved tissue upon preservation in
formalin. Howe and Leatﬁem (1984) applied a conversion factor of 1.15
to cqnvert'benthié macrofaunal preserved tissue weights to unpreserved
tissue values. qumiller-(1972),reported that formalin preserved
oligochaete weights were 76 percent (conversion factor of 1.3) of live
weights after 44 days. Ethanol preservation (70%Z) will cause a much
greater weight loss relative to the original live weights. Howmiller
reported over a 507 wet weight loss after 57 days of ethanol
preservation. Leu?en et al. (1985) showed a significant effect of
alcoﬁol preservation on AFDW (ofganic weight), demonstrating that
factors other than just water loss produce preservation artifacts. If

water loss was the sole cause of weight loss after preservation, the



ashing procedure would not detect this loss because ashing dries out all
moistufe. The weight loss due to preservation will result in a greatly
reduced biomass measure, ieading di:gctly-to a large production
»underéstimation. Corrections for this weight loss therefore had to be
determined and applied to.the'biomasé vélues in order to provide more
reliable producéionAQalues. |

Because biomass meégurements were not made until after formalin
preservation, no precise iive weight to formalin preserved weight
conversion. factor could be determined. Therefore, a factor of 1.15
(Howe and Leathem, 1984) was employed. Conversion factors between
biomass of eghanol preserved tissue and initial formalin preserved
tissue biomass could not be determined for individual species. Rather,
a determination was made for major taxa, polychaetes and bivalves, by
,comparing long tetm“post-preservation biomass to the initial formalin
preserved biomass. VBecause most biomass loss due to preservation occurs
during the firéf 30 aays post-preservation, the long-term post-
preservation samples used (preserved > 1 yr) should yield an accurate
conversion fac;or.

Error tg:ms associated with the species production estimates were
calculated by #umming the standard deviations of the biomass data used

to determine size class or time interval biomasses.

The sizé-freéuency method for productivity estimation is the most
ideally suited for ;his type of study. Severe fragmentation of
Euclymene zonalis during shipboard sieving and preservation prohibited

placing this species into size classes and made it impossible to use the

18
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size frequency method. Therefore the instantaneous growth method was
the best available method of estimating production for E. zonalis. The
instantaneous growth methbd'claims tﬁét production is proportional éo
the biomass of a steady state‘population and may be calculated by:

P = Bg
wherg P= production, B= mean biomass over a time interval, and g=
instantaneous growth constant over the time interval, where growth is
defined as:

g = ln(mz- ml)

where m, and m, are the average mean weight per individual values of

dates 1 and 2, respectively (Rigler and Downing, 1984). Mean weight per
iadividug} for each sampling date was determined by dividing the total
biomass of all apparent E, zonalis fragments from a sample by the number
of individuals determined to be in the sample, based on the number of

head sections found.

Chaetopterus variopedatus

:Qhag;gggégng xgxigggda;na'élso severely fragmented during
collection. The remova14§ﬁmmation method, which is calculated as the
sum of'weighi losses from one sampling time to the next, was the most
appropriate productggn.éstimation method for use with C. variopedatus
data. Mean weight pe;‘individual was again determined by dividing total
fragment biomass by numbers of individuals, as indicated by the number
of head segments found. This method involves multiplying the numbers

lost over a time interval by the average weight of the individual at the



time of loss. The weight at loss was determined by using a exponential
curve function based on the mean weight per organism at the different
cruise dates. The production'estimates_for each time interval were

summed to get an annual'produétion:estimate.

The annual production of the bivalve Macoma tenta was estimated by
the size-frequency method. This method involves placing each individual
into a size class, and multiplyihg the numbers lost between each size
‘class by the mean welght per individual at the tlme of the loss,
determined by length-welght regression equatlons. The resultant values
were then summed and3mu1t1p11ed by the number of increments to produce
an annual prOQuction estimate. The individuals were.placed into 1 mm
size groups, based on thefcross body length from the top of the umbo
actosc‘tc the outer shell boundary (Table 2). A disecting microscope

fitted with an ocular micrometer was used to make these measurements.

mamnmmmnm
The Slze-frequency metbod was used for Eaxapxlgnggglg pinnata.

IndiVLduals were placed into 1 mm size classes based on body width at
the first setlger,‘xnclud1ng parapodia (Table 2)., Mean weight per
individual was calculated for each size class and these data fitted to
an exponential curve togcerlve a length-welght'relatlonshlp which was

used to determine weight at loss between successive size groups.



TABLE 2. Length-veight regression equations for ma jor speciese.

W = weight; L = length.

LENGTH-WEIGHT REGRESSION CURVE EQUATIONS

SPECIES - MEASUREMENT WTP WAP
BASED ON
U—0.18L3°25 w-o.mx?'ss
r2=0.98 r2=1.00
W-O.ISL,z'% u=0.1512*9?
£2=0.96 c2=0.97
w=0.241" >3 v=0.2711 -3
r2=0.95 r2=0.98

AT
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Nephtys picta (cf. cryptomma)

Individuals from the polychaete species Nephtys picta (cf.
gxxn;gnma) were élaced into size classes required by the-Size-Frequency
secondary prodUctionges;imation»me;hod.'yThe individuals were measured
from tip of the prostomium to the.an;erior,edge of the first setiger

(Table 2) and 3 2 mm sizgffrequency histogram developed from the data.

Community Production

Total community production was estimated using biomass derived
from depth distribut%on cores and converted to mean annual biomass per
station. The error terms associgted with commuﬁity production estimates
were determined usiﬁé the standard deviations of the mean annual biomass
values per station.'hiarge hard clams, Mercenaria mercenaria (Linnaeus),
rarely found in the cores, were excluded from the community production
determination due to the fact that the sampling scheme used did not
allow for an adequate sampling of this species. Mean biomass values
‘were subsequently mqltiplied by a weighted annual P/B ratio (Tables 3
and 4) for either polychaetes or bivalves to giye the total production
for all mempers of‘ghat particular taxonomic group. For the bivalves,
the P/B ratios for ﬁaggmg‘;gn;a were applied to bivalve biomass values.
This is ‘a valid u;e of the the P/B ratio becaﬁse M, tenta was the
numeric ang biowas%;dominant bivalve species. In the case of the
polychaetés the weiéhted P/B ratios were determined by using the P[B
ratios of Euclymene zonalis, Nephtys picta (cf. cryptomma) and
Paraprionospio pinnata. When considering only the trophically important

polychaete species‘the majority of the polychaete biomass (75% to 85%)



TABLE 3. Weighted polychaete community P/B ratio determination for

the WTP study site.

SPECIES P/B RATIO x APPROX. Z DOMINANT
SPECIES BIOMASS

Buclymene zonalis. 0.39 85% .33
Nephtys picta
(cf. cryptomma) : 4.26 8% .34
Paraptionospio

pinnata 3.59 8% .29

Weighted WTP P/B Ratio = 1.0



TABLE 4. Weighted polychaete community P/B ratio determination for

the WAP study site.

P/B.RATIO

x .APPROX. % DOMINANT

SPECIES
SPECIES BIOMASS
Euclymene zonalis 0.40 75% .30
Nebhtysvnictd
(cf. cryptomma) 4.39 12% .52
Paraprionospio
pinnata 3.41 122 41
Weighted WAP P/B Ratio = 1.2



was accounted for by Euclymene zonalis, a species that exhibited a very
low P/B ratio, the average community P/B ratios were weighted heavily in
favor of this species. The approximate percent of biomass represented
by each species was multiplied by the annual P/B ratio of that species.
These values were then summed to derive a weighted community P/B ratio
(Tables 3 and 4). These ratios are extremely general and should be
treated as such. A student T-test was run' on total‘production from the
two study sites to determine if the values from the two sites were

significantly different from each other.

Available Production:

Not all biomass of the benthic community appears to be available
for predation by bottomyféeding fish. Virnstein (1977), Holland et al.
(1980) and Blundon an@ Kennedy (1982) have shown that prey availability
is a function of the aepth of burial. Kendall et al. (1985) reported
that demersal feediﬁg~fish from the Wolf Trap region of the bay were
foraging only in the 0-2 centimeter layer of the sediment for most of
the yea;, o;casionaliy foraging in the 2-5 centimeter layer at times in
the sumﬁer. Therefore co@mnnity production data were arganged to
estimate the amount of production theoretically available to fish.
Based on the data.&fixen&ail et al. (1985), biomass from the 0-2
centimeter layer wa; assumed to be available for transfer to higher
trophic levels. Because bottom feeding fish from the area may at times
feed below two cepfimeters, this value is somewhat arbitrary. ﬁowever,
because the majority of fish foraging occurred from the upper two
centimeter layer, the data generated from this layer will give a

stronger assessment of the resource value of the benthic community to
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demersal feeding fish than data from the top five centimeters. A
limitation of this method is that it does not take into account crab
predation on the benthos. Blundon and Kennedy (1982) report that blue
crabs (Callinectes sapidug Ra;hburn);may-forage on organisms 20
centimeters deep in the Sedimenticolﬁmn.“ Therefore a resource
assessment of the importance of the‘bentpos to demersal feeding fish
populations will not assess the importance of the benthic community to
crab populations.

Available production was determined by multiplying the biomass
from the upper‘O-Z centimgter de§th for polychaetes or bivalves by the
weighted po}ychaete or bivalve annual P/B ratios. A student T-test was
run on available production from the two study sites to determine if the

values from the two sites were significantly different from each other.



RESULTS

BIOMASS DATA

Length-weight regression curve equations are listed in Table 2.
Wet weight/dry weight and dry weight/ash-free dry weight conversion
ratios for the species are listed in Table 5. An alcohol preserved
weight to formalin preserved weight conversion factor of 1.6 was
determined for the polychaetes and 1.2 for bivalves. The bivalve factor
is lower because of the high degree of inorganics found in the shell,
which do not change appreciably upon preservation. A formalin preserved
weight to live weight conversion factor of 1.15 (Howe and Leathem, 1984)
was used to estimate live organism biomass from alcohol preserved
values. By mulgiplying these tw; factors together, a alcohol preserved
biomass to live weight biomass conversion was determined (polychaete

factor = 1.84; bivalve factor = 1.38).
PRODUCTION ESTIMATES

All production estimates were calculated using alcohol preserved

»
‘e

biomass values. Species production estimates were then converted to

estimated live weight values. All values of production referred to in

27



TABLE 5. Biomass conversion ratios for dominant species.

SPECIES

DH/WW

AFDW/DW

AFDW/WW

Euclymene

zonalis

Chaetopterus
variopedatus

Macoma tenta

Paraprionospio
pinnata

Nephyts picta
(cf. cryptomma)

17.35%

11.05%

30.58%

12,747

13.36%

82.28%

63.75%

19.92%

79.60%

71.95%

14.28%

7.04Z

6.12%

10.14%

9.83%
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this report will be expressed in units of live weight unless otherwise
stated. Both alcohol preserved and live weight converted biomass values

produced the same results.

Although abundances remaingd relatively constant (Figure 2) the
mean weight per individﬁal Englxmgng zonalis increased over the first
four sampling intervals and :hen_exhibitéd a sharp drop in mean weight
per individual over thgglast spmyle interval (Tables 6 and 7). This
decrease in mean weigh; caused a negative production over the last time

interval for both sites. Total annual production was WIP= 5.25 +/-1.32

g AFDW/mzlyt; WAP= 2.65 +/-1.07 g AFDW/mZ/yr.

Th; annual production for Englxmgng zonalis was much higher at the
WTP site than at the WAP site, yet the production to biomass ratio
(P/B), calculated by dividing annual production by the annual mean
standing crop, were extremely close for the two areas (WIP=0.39;
WAP=0.40). ?his closeness indicates that the higher production found at
the WTP siténresulted?from a higher species standing stock. E. zopalis
from the WIP site had greater mean weights than those from the WAP site

at every sampling iRQerval.

The removélv#ummation method chosen as thg»appropriate production
estimation method for Chaetopterus variopedatus requires that mean
weight per individual be multipljed by numbers lost over the same time

interval. The mean weights at each interval were used to construct a
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Figure 2

Euclymene zonalis abundances




aivd

sijeuoz auaswA[ong

a34vNDS H3L3IN H3d SONVONNGY



exponential time-weight curve fungtion for each site. The curve
equations were used to estimate weight at time of loss; assumed to be
the midpoint between successive dates: The production estimates from
each date were summed to derive an annual production estimate (Tables 8
and 9). |

‘The annual production from the WAP site was one third higher than
that of the WIP (WAP= 23,64 +/-10.96 g AFDW/mz/yr; WIP= 18.00 +/- 4.59 g

AFDW/mzlyr). The abundances from both sites dropped from May 1985 to
November 1985 (Figure 3). No Qhag;gn;gxgg variopedatus appeared during
the last two sampling-periods at the WTP site. Over the first three
sample intervals, the WTP production was actually higher than the WAP
produc;@oq, but because of the population crash, there appears to be a
potential for underestimating production potential from the WTP site.
The WIP P/B ratio was higher than the WAP ratio (WTP=4.52; WAP=3.08),"
but if the last two intervals of the WTP data are ignored, then the WTP

ratio is slightly lower than that of the WAP site.

Annu;I secondary production of this tellinid bivalve was estimated
using the size-freqne;Cy method. Individuals of the species were placed
into 2 mm size classes based on cross body length from the umbo to the
outer shell boundary. Size-frequency histograms (Figures 4 and 5) show
a gradual increésg in size of these organisms. There was a large drop
in abundance at both sites during the last sampling period (Figure 6).

~

WIP secondary production was estimated to be 1.62 +/- 0.36 g

AFDW/mZ/yr (Table 10). Size class mean weights were used to construct a

34
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Figure 3

Chaetopterus variopedatus abundances
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Figure 4

Macoma tenta size-frequency

histogram for WIP site
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Figure 5

Macoma tenta size-frequency

histogram for WAP site
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Figure 6

Macoma tenta abundance
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length-weight regression best fit,pdwe; curve equation. This equation
was used to estimate weight at time of loss of an individual between two
successive size classes. iAnimal sizg’ranged from 0-2 mm to 16-18 mm. A
P/B ratio of 3.84 was calculated.

Organisms from the WAP.gite were placed into 2 mm size classes and

the length-weight regression calcniaced; This method produced a

secondary production estimate of'2.§9 +/- 0.37 g AFDW/mz/yr and a P/B
ratio.of'4.25 (Table 11).7 |

Both prodﬁction values are probably minimal estimates because of
the organisms left in the last size class (Tables 10 and 11). The
procedure for production estimates for orga;isms found in the last size
group is to assume that the mean weight/individual for that interval is
the maximum obtainable weight for the organism, and the individuals left
are multiplied by this weight. This assumption is obviously flawed. It

is unlikely that the orgahism did not grow in weight after the final

sample collection date.

Nephtys picta (cf. cryptomma)

The size?frequency method was used to derive production estimates
for Nephtys niggg (cf. szgggmma). Individuals were placed into 1 mm
size classes'based on the length from the tip of the prostomium to the
start @f ghe first setige; segment. Organism sizes ranged from the 1-2
mm size group to 9-10 mm (Figures 7 and 8).

'WT? annuai production .of Nephtys picta (cf. cryptomma) was

calculated to be 1.13 +/- 0,22 g'AFDW/mZ/yr with a P/B ratio of 4.26.

WAP N, picta (cf. cryptomma) production (2.41 +/- 0.58 g AFDW/mz/yr) was
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Figure 7

Nephyts picta (cf. cryptomma) size-frequency

histogram for WTP study site
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Figure 8

Nephyts picta (cf. cryptomma) size-frequency

histogram for WAP study site
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twice as high as the WIP site and the P/B ratio was slightly higher
(4.39) (Tables 12 and 13). Mean weights at loss from each size class

for the two sites were calculated using the length weight equations.

P io . .
gaxanxigngagig pinnata was one of the most abundant animals found
in the study area. Animals'of this'species-were divided into ! mm size
groups based on cross bodyflength froﬁ tﬁe:tips of the parapodia on the
first setiger segment, and the sizes‘ranged'frOm 2-3 mm to 9-10 mm.
‘There was -an addition of'émaller individuals into the population over
the last two intervals, indicating recruitment (Figures 9 and 10). P,

pinpnata data from both study sites were very similar with:respect to
abundance (Figure 115; production (WIP= 0.43 +/- 0.30 g AFDw/mzlyr; WAP=

0.44 +/- 0.13 ¢ AFDW/mzlyr) and P/B ratios (WTP= 3.59; WAP= 3.41)

(Tables 14 and 15).

Community Production

The WAP five species secondary production estimate from pooled
station data (31.52 +/-13.11 g AFDW/mzlyr) was higher than that of the

WTP site (26.42 f/46;79 g AFDW/m?/yr) (Table 16). The highest
production values were generally on the east side of the sites (Figure
12}. Total community prodpctioﬁ estimates for each station, based on
polychaete and bivalvg;biomass and weighted P/B ratios, are listed in
Table 17. The values appeared slightly higher than values derived from
pooled station values for the five species. This discrepancy is likely

caused by the fact that the total community production was determined
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TABLE 16. Total study site production estimates based on trophically
important species.
WTP WAP
SPECIES PRODUCTION PRODUCTION

(g AFDW]mzlyr)

(g AFDW/mZ/yr)

Euclymene zonalis

Chaetopterus
variopedatus

Macoma tenta

Nephtys

picta (cf. cgzptomma)

Paraprionospio
pinnata

18.00 +/-4.59

1.62 +/-0.36
1,13 +/-0.22

" 2.65 +/-1.07

23.64 +/-10.96

2.39 +/-0.37

2.41 +/-0.58

0.43 +/-0.13

TOTAL PRODUCTION

26.42 +/-6.79

31.52 +/-13.11
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Figure 9

Paraprionospio pinnata size-frequency

histogram for WTP study site
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Figure 10

Paraprionospio pinnata size—frequency

histogram for WAP study site
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Figure 11

Paraprionospio pinnata abundance
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Figure 12

STATION PRODUCTON
TOP VALUE; TOTAL PRODUCTION (g AFDW/mz/yr)

BOTTOM VALUE; AVAILABLE PRODUCTION (g AEDW/mz/yr)
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using total estimated live biomass of a core, not just the biomass of
the five dominant species. The five,species:accounted for approximately

80 percent of the total biomass.

Available Productivity
Production availablg'for transfer to higher trophic levels was
estimated by multiplyingf;he weighted P/B ratios by the average annual

polychaete oribiﬁalve bioﬁass value per station found in’the upper two
centimeters (Table 17). Values ranged from 2.19 +/-1.52 g AFDW/m?/yr at

WTP site 2 to 14.92 +/-9.96 g AFDW/mZ/yr at WTflsite~18,(Figure 12).

The available production values follow the same general spatial trend as
seen in the total community production vaiues,iwith higher valqes
generally lying on the eastern sides of the study sites, although the
trend is not as distinct (Figure 12). The high value shown at WIP
station 09 may be accounted for by a very high bivalve biomass, caused
by a high num§er of"gbe mussel Mytilus ggnligﬁ Linnaeus found in a core

from the August cruise.
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DISCUSSION

Benthic invertebraée macroféudé certain1y play ah important role
in the transfer of energy from'primary produ¢ers to higher trophic levels
(Steele, 1974; Mills and Fournier, 1979). When disruption or desfruction
of the benthic community may occur due to anéﬁropogenic acti&ities, an
analysis of the resource value of the community and the potential effects
on higher trophic levels tﬁis energy loss may cause should be estimated.
This estimation may best be made using a detailed secondary production
study of the trqphically important benthic species.

Secondary5production estimation studies are very labor
intensive, therefore cost-efficient assessments of environmental impacts
should concentrate on tro?ﬁically»or otherwise important species. In
this case, after looking at species abundances and biomass data (Diaz et.
al., 1985) and area demgrsal feeding fish stomach contents data (Kendall
et al.,'1985), foqr spe;ies were selected as trophically‘important

species in the Wolf Trap region of the bay, as well as important with-

respect to community structure: the polychaetes Euclymene zonalis,
Mephtys picta (cf. cryptomma), Parapriomospio pinnata, and the tellinid

bivalve Macoma ng;n.diThese_four species were assumed to be
representitive of the food web link
between the benthic community and organisms of higher trophic levels, in

this case specifically demersal feeding fish.
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Production estimations were glso made for the polychaete
Chaetopterus variopedatus. While this species is apparently not
important in terms of diféctienergy'tfansfer to higher trophic levels, it
was ‘a large contributor to cOmmunity'ﬁéqmass in the area. The tﬁbe of C,
variopedatus waévalso the main subs?fg;e;for attachment of epfféunal
species. C. xaxiggggaggg ﬁay §1ter the résourcg value of a community
because it provides habit#t o?lrefuggffor othéfvspecies (SChaffne:,:
1987). Because of the higﬁ biomass of this»§pecies,'p:oduction
estimation will allow fo;Aa more reliable cbﬁmﬁhity production comparison
with other benthic comguﬁities.

Secondary pré&nction estimates are best qade with'frequegt
sampling, weekly or monthly, in order to gaﬁgh reﬁruitm@ht peaks, rapid
growth of young individuals, and rapid morta}ity of ghprt—lived species.
However, the P/B ratios of the species in this study indicate that they
all possess life spans of at least one year (Mann, 1962)._ According to
Mann, species wi;h more than one cohort per year should have a P/B ratio
of.apprqgimately 10, while species that live forJQne year should have a
ratio ofia:ound,i,_‘Ffom the P/B ratios of species from this study;vit
appears that none of éhese species are multivoltine (possessingfmore than
one cohort per year). The sampling scheme employed thus will allow
adequate sampling ofﬁfelatively long lived species such as the five
species used in thigﬁétudy.

The benthic'commuﬁities'found in the two stddy areas were
basiéally similar in“épeci;s compositibn, species percentages and other
community parameters. The fauna of the region were representative of an
advanced, mature sucdéssional stage community (Sensu Rhoads et al.,

1977). The dominants were large, long-lived species which characterize
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an equilibrium community. There was a general gradual decline in
abundances for many of the}species over the year. Ihe two mgjor tube-
builders in the area, Englgmgﬁg ;gnalig and Qhag;gp;gxng'ig;iggggaggg,
declined in numbers over’th;'fear. The drop in numbers of C,
variopedatus, which builds a ngn shaped tube, was possibiy due to intense
winter crab dredging in the area by Chesapeake Bay watermen (Linda
Schaffger; Per.comm.),.the ég;ufa1~decline:bf a singie age class
dominated population,ﬂor é&me'unknown infesse bottom deStabilizatioﬁ
event. The change iﬁ tbege species numbers probably lead to declines in
other species associated ﬁigh its‘tube. ‘This phené@enon has been Shown
to occur around polychae;e“tubes (Fager, 1964; Woodin, 1978 and
Luckenbach, 1986). Mnggﬁahggn;a declined'in numbers over the year while
showing a small recruitment peak ;n the winter of 1984, and then
declining after the recrui;ment event. ngh;gi picta (cf. ¢cryptomma) and
juvenile Nephtydae, wh}gh are in all probability juvenile N. giQLa (cf.
Q;xg&gmmg) but cOuld,noﬁ be identified to spgciesvlevel, showed
recruitment duriggﬂfa1¥‘19§3 and winter 1984‘éém§ie dates, and then
declineé; ga;agiigngsnig ﬁinna;a exhibited fall recruitment.

The low P/B);atio,of Engixmgng zonalis over the year indicate
that the species is iéng-lived with a life span greater than one year
(Mann, 1967; Robertson, 1479). The mean weight/individual for Es zonalis
for the different cruise dates showed the.;ame trend at both areas. Mean
weight values increased from fall 1983 until fali 1984, then exhibited a
large drop over thetlést sample interval, yet the abun&ante remained
relatively constant over time (Figure 2). The WIP values were higher
than the WAP values. The large weight loss, which lead to negative

production over the last sample interval, may possibly be explained by
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unusually low dissolved oxygeh concentrations of the bottom water in the
area, which decreased to a Tlow point in the fall of 1984 (Sellger et al.,
1985). Low D.O. concentratlons may force the animals hlgher up in the
sediment, exposing more of the organism to possible predation by bottom-
feeding predators.

The production éétimates for.the bivalve Macoma tenta and the
polychaete Euclymene zgnal;i may be underestxmated due to the ability of
these organisms to regenerate body parts that are lost to predators.
Siphons of tellinid bivalVgs are a prime component of the diet of many
bottom feeding fish (Macer, 1967; Edwards and Steele, 1968; Kuipers,
1977; de Vias, 1979), as are tail segments of maldanid polychaetes
(Mangum, 1964) These species are generally able to regenerate the lost
body parts (Mangum, 1664; Trevallion et al., 1970; De Vlas 1985). De
Vias (1985) determined.théé up to 50% of the Tellinid species Macoma
balthica’s (L.) annuai'secondary production may be accounted for by
siphon régeneration. While M, balthica and tenta are not the same
species, the implication is clear. Regeneration of body‘parts may lead
to large amounts of b;omass production whi@h quarterly sampling may not
adequatély measure.

The total annual secondary production of the dominant species at
the WAP study site,was 31,52 +/-13.11 ¢ AFDW/mZ/yr and 26.42 +/-6.79 g

AFDW/mZ/yr at ﬁhe(WTPﬁstudy site. Translated to the entire study area,

1544 .48 +/- 642.39'mepric tons of ash-free dry weight were produced over
the year for the 49 km2 WAP study site and 924.70 +/- 237.65 metric tons

over the year for the 35 km2 WTP study site.



The differences in both total and available production per unit
area derived from use of weighted P/B ratios and biomass values for
polychaetes and biValves;beiwgen the two study sites is mot significanmt
(total production: t = 1.23,_29tai1e§ prébability = 0.646; available
production: t = 3.32, 2—tailed prob;bili;y = 0.149). These statistics
indicate that .the two studj‘sités have similar secondary production

potentiai per unit area, and7that.di§poéél of dredge disposal materials

; i
i

at either site should effect higher trophic levels in a similar fashion.
The study sites appeared to be as productiﬁe or more productive
than other sites where secondary production studies have been conducted.

A dominant species production averaged for the two sites of 28.7 g
AFDW/mzlyr and a\totallcommunity production value averaged for the two

sites of 43.7 g AFDW/mZIYr will be used as reference points for
comparisons with various studies in aquatic habitats.

In a Danish stream community, Mortemnsen and Simonsen (1983)

estimated a production value of 1.1 g AFDW/mZ/yr for all species present.

Evans (1983) estimated dry weight values of 26.5 g/mz/yr and 20.7 g/m2/yr

for:all macrofauna from a‘Swedish fjord. Wolf Trép;compunity and
dominant species productiaé'estimates are'ﬁigher th;n all of these
estimates. Comparisonsmwi;h these non-estuarine habitats point out that
the estuarine benthic envifonment is one of the most productive habitats

in the aquatic realm.

Wolf Trap production values are greater than or similar to other
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bays and estuaries. Sanders (1956) in a Eﬁgh;xi incisa (Malmgren)/Yoldia

limulata (Say) community from Long Island Sound calculated a production



value of 29.6 g AFDW/mZ/yr. Off the coast of England, Buchanan and

Warwick (1974) estimated yearly production at 1;&3_g"AFDW/m2/yr for 18

dominant species. Warwick'and Price (1975), in a Macoma intertidal

community, estimated community productidﬁtat 13.31 g AFDW/mz/yr. In

Carmarthen Bay, South Wales, uéing 15 dominant species, Warwick et al.
(1978) estimated production at 25.8 g'AEDW/mZ/yr, Howe and Leathem

(1984) derived production estimates as high as 46,5 g.AFDW/mZ/yr for all
species at the mouth of Delaware Bay. In a éhesapeake Bay submerged

aquatic vegetation bed, dominant species production was calculated to be

30.94 ¢ AFDW[mzlft (Diai and Fredette, 1982). All of these production
estimates arejvery similar to the corresponding production estimates
produced in‘this stu§y¢? All of these production estimates point out the
relative productivity of estuarine habitats compared with other aquatic
habitats. The values derived from the Chesapeake Bay are equivalent to
values of most other estua:ies.

One purpose of this study was to determine the effects dredge
disposal .could have on organisms in higher trophic levels. Several
studies have app?oached this type of problem, but few have tried to
partitiénrthe community pr;duction into fractions available and
unavailable to the higher trophic levels. Averaged available production
for the two areas were determined using the.available station production
(Figure 12). Ayaiiabie station biomass fo:;givalves waquetermined by
multipling bivaive biomass values from the.upper two centimeters by the
P/B ratio of Macoma tenta. Available station production for polychaetes

was determined by multiplying the polychaete biomass value for the upper
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two cgntimeters of the station by an average P/B ratio weighted.hea;ily
in favor of the high biomaés,species'guglxmeng zonalis (Tables 3 and 4).
Because.Chaetopterus xﬂ;jgpgda;ng was?fﬁrelyifbund in the upper .two
centimeters, this spécigéHAOes not contribute to available_proddctivity
estimates. The other fouﬁfsﬁecigs ygrgjgllqfOund_frequently in the upper

sediment layer. A totalxgvailable produétion in the upper two
centimeters for the dominant specieéﬁoﬁ 6.82 +/- 5.44:g:AEDW/m2/yr at the

WIP site and 7.44 +/- 6.45 g AFDW/mz/yr at the WAP site was found. These
values translate go 238.7 +/- 190.4 metric tons of ash-free dry weight
biomass production per year at the WTP site and 364.5 +/- 316.1 metric
tons of ash-free dry weight biomass production per year at the WAP site.
These are the bipmass production values from the two study sites that
appear to be diréctly available to the upper trophic levels.

‘The value of this production to demersal feeding fish stock in
the Chesapeake Bay may be roughly estimated. Transfer efficiencies give
the percentage of annual production of a trophic level that is expected
to be transfer;ed to the next trophic level. A transfer efficiency of 15
% (Collie, 19875 will be uégd inichis study. Applying this transfer
efficiency to bentbic secongary ﬁroduction vaihes we can estimate Fhat
benthic invertebraées in thése a;eas may support demersal fish production
of 35.6 +/- 28.6umetric tons of ash-free dry weight for the WTP study
area and 54.6 +/- 47.4 metric tons of ash-free dry weight for the WAP
sﬁqdy area.

Given these estimatés that availéble benthic prey species{from

the two study sites may suéport an annual fishery production of roughly

35 to 55 metric tons, dredge disposal activities have the potential to
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cause large declines in fish production, by effecting the benthic food
base. The degree to which‘?ish production may be effected by disposal
activities depend on two factors. First, the extent CO’Vhich the fish
community is food limited is important. If the fishery ieenot food
limited, even after dredge'mate:ial disposal, then no change in fish
production would be evident. If,eeﬁxghe other hand, the fish population
is food limited before the_dispbsal eYent, then the potential exists for
large losses of fish production.’ Seeénd;;;heirate of recovery of the
community is important. If the benthic community is able to rebound
rapidly to its original state, then little or no effect on the fish
population may be noticed. Yet if the benthic community can not recover
or recovers slowly from disposal activities, fish productivity may
decline. Rhoads et al. (1977) re%orted that three months after dredge
disposal, a disposal area off the coast of Conneceicut was barren of
macrofauna. Recruitment of new ihdividuals in the study of Rhoads et al.
(1977) started during the eecond three months postdisposal, and after a
year the community appeared to have recovered. These recovery times are
dependent on the type and{volumegof the disposal material, physical
aspects of the:overlying:water column, rates of beqphic settlement and
surviveliand the type'ef organism recruited into the area (Mauer et al.,
1981).  All of ehese fecto?s wi1¥ act on the actual degree to which fish
production may decline due to dredge disposal activities.

This study has sﬁbwn that a large ‘amount of biomass was produced
by benthic organisms at the two study sites. The potential exists that
disturbance of the benthic community by dredge material disposal may have
a negative effect on the bottom-feeding fish population in the area.

What the magnitude of the effect will actually be remains to be seen. An



answer to this question along with the information generated from this
study would allow for a much better understanding of how disturbance of
the benthos affects producfion-énd trophic links in an estuarine

ecosystem.
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CONCLUSIONS

1. The dominant benthic macrofa&na of the Wolf Trap region of the
Chesapeake Bay were responSLble for an annual production of = 26.42

+/-6.79 g AFDW/m lyx at the Wolf Trap Primary (WIP) study site and

31.52 +/-13.11 g AFDW/m /yr at the Wolf Trap Alternate (WAP) study
slte. a

2. Translated to the the entire'Study area, secondary production of
the dominant benthic species would account for 924.70 +/- 237.65
metric tons of ash-free dry weight biomass per year at the WTP

study site and 1544.48 +/- 642.39 metric tons of ash-free dry
weight biomass per year at the WAP study site.

3. Production assumed to be available for transfer to bottom
feeding fish populations was estimated to be 6.82 +/- 5.44 ¢

AFDW/m /yr at the WTP site and 7.44 +/- 6.45 g AFDW/m? /yr at the
WAP 31te. '

4, Avallab]e secondary production of the benthic community would
account for 238.7 +/- 190.4 metric tons of asl-free dry weight
biomass per year at the WIP study site and 364.5 +/- 316.1 metric

tons of ash-free dry weight biomass per year at the WAP  study site.

5. Using a transfer efficiency of 15%, the WTP bénthic community

could support fish production of 35.8 +/- 28.6 metric tons of ash-
free biomass over a year and the WAP benthic community could support
fish production of 54.6 +/-47.4 metric tons of ash-free biomass over
a year.

6. The secondary:productivity of the benthic communities of the two
Wolf Trap study sites are of equal or higher magnitude than
estimates of secondary productivity of other aquatic habitates.
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