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1.0 INTRODUCTION

The Northern Division of the Naval Facilities Engineering Command issued Contract Task Order
Number 0117 (CTO 117) to Halliburton NUS Corporation (Halliburton NUS) in 1993 under Comprehensive
Long-Term Environmental Action Navy (CLEAN) Contract No. N62472-30-D-1298. CTO 117 is for quarterly
biomonitoring at the Navy Installation Restoration Program Site 8 Nitroglycerin Plant Office (Site 8), at the
Indian Head Division, Naval Surface Warfare Center (NSWC) in Indian Head, Maryland. NSWC is part of the
Engineering Field Activity, Chesapeake (EFA Chesapeake) of the Naval Facilities Engineering Command.
Under CTO 117, Halliburton NUS is perfarming eight rounds of quarterly biomanitoring, from April 1993 until
January 1995. The objective of the Biomonitoring Program is to assess the impact of mercury contamination
in the biota of Site 8 and evaluate the potential ecological impacts of the Site 8 interim removal action.
Design work for the interim removal action was performed by Halliburton NUS under CTO 99 and is
scheduled to be implemented in June 1994,

Under a previous CTO (CTO 64), Halliburton NUS developed a Biomonitoring Program for Site 8 that was
presented to EFA Chesapeake in a site-specific Biomaonitoring Plan (Halliburton NUS, 1992a). The plan
outlined procedures for conducting quarterly biomonitoring at Site 8 through two distinct phases: Phase |
and Phase ll. The program was designed so that it could be modified (particularly during Phase l) to
achieve the overall objective of the Biomonitoring Program. Phase | was performed under CTO 64. During
Phase |, which consisted of preliminary [U.S. Fish and Wildlife Service (USFWS)] sampling in July 1992 and
two quarterly sampling events (October 1992 and January 1993), sample collection and analytical techniques
were established and subsequently modified to better suit actual site conditions. Based on the results of
Phase |, a revised (Revision 1) Biomonitoring Plan was prepared and issued in April 1993 (Halliburton
NUS, 1993c). Phase il of the Biomonitoring Program, which was initiated in April 1983, is being performed
under CTO 117. While Phase Il is expected to be completed in 1995, work will continue as long as EFA

Chesapeake deems necessary.

This report presents the results of the January 1994 biomonitoring, which was performed in accordance with
an approved Biomonitoring Plan (Revision 1) and also summarizes results of previous biomonitoring. This
revised Biomonitoring Plan reflects modifications in the biomonitoring program that were made following
Phase | sampling efforts. The Biomonitoring Plan currently in use is not expected to change substantively
over the course of Phase Il biomonitoring; however, changes in environmental variables (e.g., water levels,
water guality, abundance of particular plant and animal species) or practical considerations may dictate the

need for minor changes in sampling procedures and analytical methods.
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1.1 BACKGROUND

For approximately 20 years, mercury was inadvertently released in small amounts from sink and floor drains
in Building 766 of the Site 8 - Nitroglycerin Plant Office. The Building 766 sink and floor drains emptied into
a storm drain system that discharged into a small (unnamed) stream that flows south and east for
approximately 1/4 mile, enters a cattail marsh and pond, then empties into Mattawoman Creek. Previous
investigations determined that sediments and surface waters of the stream, marsh, and pond contain
elevated concentrations of mercury (ABB-ES, 1992a; ABB-ES, 1992b). The actual quantity of mercury that
was released is unknown; however, it has been estimated that between 200 and 500 pounds of mercury

were released to the environment at Site 8 (ABB-ES, 1992a).

In August 1992, Halliburton NUS began investigating the extent of mercury contamination in the soils,
sediment, and surface water of Site 8 in accordance with an approved Abbreviated Field Sampling Plan
(Halliburton NUS, 1992b). This investigation indicated that sediments in the upper section of the stream
(near Building 766) were contaminated with mercury concentrations greater than 25 mg/kg (Halliburton
NUS, 1993a). Mercury concentrations in the upper stream section ranged from non-detectable (lower than
detection limits) to 671 mg/kg. Sediments in the marsh and pond had mercury concentrations ranging from
non-detectable to 13.8 mg/kg. Background mercury concentrations (i.e., mercury levels in sediment and

soil samples from the general vicinity of Site 8 but outside of the impacted stream corridor) ranged from
non-detectable to 0.34 mg/kg.

The biomonitoring program developed by Halliburton NUS was designed to be carried out only in the
marsh/pond area of Site 8. Because the velocity of the stream is reduced as it widens and flows into the
marsh and pond, the pond is a natural sediment trap, holding silt, detritus, and organic matter from
upstream. Unlike the stream, which is subject to extreme fluctuations in temperature, flow, and turbidity,
the marsh and pond support an abundant growth of aquatic vegetation as well as a variety of planktonic
organisms, aquatic insects, fish, reptiles, amphibians, wading birds, and waterfowl (personal observation,
P. R. Moore - Halliburton NUS). Thus the potential for contaminant (specifically mercury) exposure and

bioaccumulation is considered to be higher in the marsh and pond than in the stream, and the biomonitoring
effort focuses on this area.

1.2 SITE DESCRIPTION
The study site (Site 8 marsh/pond) lies within the main (or northern) NSWC area. The Site 8 marsh/pond

discharges into Mattawoman Creek via a 6-foot-diameter culvert running under Noble Road. In addition, two

control sites have been identified and incorporated into the biomonitoring program. Control Site 1 is a
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beaver pond on the Stump Neck Annex of NSWC, approximately 3 miles southeast of Site 8 and 1/2 mile
northwest of Alexandria Church. Control Site 1 was designated a control site in QOctober 1992. Control
Site 2 is in Mattawoman Creek, approximately 3 miles east of the NSWC, just upstream of the Maryland

Highway 225 Bridge. It was added prior to the January 1993 sampling round. The locations of Site 8 (Study
Site) and Control Site 1 are shown on Figure 1-1.

Control Site 1 (Stump Neck beaver pond) is located on an unnamed tributary of the Chicamuxen Creek, the
drainage to the south of Mattawoman Creek. This beaver pond was chosen as a control site because it
offers security (access to the érea is restricted and controlled by NSWC) and reasonably approximates the
Site 8 pond in terms of water chemistry, water level, topography, and resident plants and animals. Control
Site 2 (Mattawoman Creek) was selected because it appeared to offer better fish habitat than the beaver
pond control site, and is in the same drainage basin as the Site 8 stream and pond. Both the Mattawoman

and the Chicamuxen are tributaries of the Potomac River.

Because Control Site 1 is approximately 2 miles upstream from Chicamuxen Creek and approximately
3 miles upstream from the Potomac River, it has not been contaminated by mercury from Site 8. Any
pollutants (e.g., mercury) in its water, sediments, and biota are presumed to be from atmospheric or
geologic sources rather than from Site 8. Control Site 2, which is approximately 4 miles upstream of the

Site 8 outfall and 3 miles east of the NSWC boundary, is also presumably unaffected by NSWC operations.

Until the summer of 1992, the Site 8 pond was approximately 4 feet deep at its deepest point, the water level
being maintained by a beaver dam lying just upstream of the cuivert that drains the marsh/pond. The
beaver dam was removed in the summer of 1992 and the normal pool level was lowered approximately
3 feet. During the October 1992 and January 1993 rounds of biomonitoring, the water level in the Site 8
pond was generally 1 to 2 feet deep. A weir was installed just upstream of the Noble Road culvert in
April 1993, raising the water level in the pond by approximately 1 foot. Thus, the permanent pool elevation
is expected to be intermediate between the high (pre-summer 1992) level maintained by the beaver dam and

the extreme low level that existed in fall 1992 and winter 1993 after removal of the beaver dam.

1.3 OBJECTIVES

The primary objectives of the biomonitoring program are to assess the impact that mercury contamination
at Site 8 has had on the biota of the Site 8 marsh/pond and to evaluate potential environmental impacts of
the planned interim removal action. The October 1992 and January 1993 rounds of biomonitoring were used
in conjunction with the July 1992 round of biomonitoring performed by the USFWS to establish baseline

conditions at Site 8 and provide information to refine and improve methods in subsequent phases of
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biomonitoring. The April 1993 round of biomonitoring was significant because it marked the first time that
sampling was conducted in the Site 8 pond under normal (full-pool) conditions. The water level in the Site 8
pond remained at full pool during field sampling in July 1993, October 1993, and January 1994. Barring
unforeseen problems with the newly-installed weir, the water level in the pond should remain relatively stable

for the remainder of the study, and biological communities should, in time, reach an equilibrium.
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2.0 SAMPLING LOCATIONS AND METHODS

The winter 1994 round of biomonitoring was conducted on January 27 and 28, 1994. Coastal Environmental
Services, Inc. (Coastal), a subcontractor to Halliburton NUS, performed field sampling at six transects in the
main area of the Site 8 marsh/pond (Transects 1, 2, 3, 4, 5, and 7) and at a location on the north side of
Atkins Road Extension (Transect 10). The sampling locations are shown on Figure 2-1. As previously noted,
a water control structure (weir and butterfly valve) was installed in April 1993 at the marsh/pond outflow,
raising the water level in the pond approximately 1 foot. This relatively small increase in depth resulted in
an approximate doubling of the pond surface area (personal communication, B. Krinsky, Coastal
Environmental Services, with P. Moore, Halliburton NUS, 1993).

The following ecological components were sampled in January 1994:
] Surface water

° Periphyton

® Benthic Macroinvertebrates
2.1 WATER QUALITY MEASUREMENTS

Water temperature, dissolved oxygen (DO), pH, and conductivity measurements were taken in the field with
a Hydrolab Surveyor 1l only at a mid-depth of the Site 8 pond and the two control sites. Salinity was
measured with a portable Yellow Springs Instruments (YSI) Salinity-Conductivity-Temperature meter at the
Site 8 pond and the two contro! sites. Grab samples of water were taken at the surface for total hardness

and total organic carbon (TOC) and shipped to the Pittsburgh laboratory of Halliburton NUS for analysis.

2.2 PERIPHYTON SAMPLING

Periphyton was sampled with an artificial substrate similar to that described in Standard Methods for Analysis

of Water and Wastewater (APHA, 1985). This sampler consists of 8 glass slides in a frame supported by
styrofoam floats. Two sets of periphyton samplers (a total of 16 slides), were placed at each of three

sampling locations (Site 8, Control Site 1, and Control Site 2). After 14 days, the samplers were retrieved
and transported to Coastal’s laboratory for analysis.
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As sometimes happens to sampling equipment left in the field, the periphyton samplers deployed at Control
Site 2 (Mattawoman Creek) were missing when the Coastal field crew returned to retrieve them on
February 10, 1994.

Three randomly-selected slides from each of the remaining 16-slide arrays were analyzed to determine ash-
free dry weight, three others were analyzed to determine chlorophyll-a content, and three were examined
for species composition and abundance. One slide from each periphyton sampler was preserved and
archived, in the event that additional analysis or verification of periphyton identification is required. Any

remaining slides collected at a given sampling location were discarded.
2.3 BENTHIC MACROINVERTEBRATE SAMPLING

As in previous quarters, benthic macroinvertebrates were sampled with a Petite Ponar grab sampler at
Transects 1-5, 7, 10 and the two control sites. Samples were sieved in the field, preserved, and transported
to Coastal’s laboratory for identification and enumeration. Standard methods described in APHA (1985) and

Lind (1979) for collecting benthos with a Ponar grab sampler and counting benthic macroinvertebrates were
employed.

2.4 FISH SAMPLING

2.4.1 Fish Surveys

No systematic fish surveys have been conducted at the three study sites since October 1992. Surveys
(Halliburton NUS, 1993a; Halliburton NUS, 1993b) carried out in July 1992 (by the U.S. Fish and Wildlife
Service) and October 1992 (by Halliburton NUS) indicated that fish species diversity and abundance were
very low at all sites and that electrofishing samples revealed little about community structure. In
October 1992, for example, two species [Gambusia holbrooki (eastern mosquitofish) and Fundulus
heteroclitus (mummichog)] comprised approximately 90 percent of the more than 300 fish collected at the
Site 8 pond (Coastal Environmental Services, 1992; Halliburton NUS, 1993a). No fish were collected from
the Stump Neck beaver pond control site in October 1992. In January 1993, more intensive sampling
resulted in the capture of four species from the Site 8 pond, and only one species from each of the two

control sites. No attempts were made to collect fish in January 1994.
Although the systematic fish surveys (i.e., timed surveys at fixed sampling transects that vyield

catch-per-unit-effort values and estimates of population abundance) have been abandoned due to low

species diversity and a general scarcity of fish, a species list and notes on occurrence will be maintained
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for each of the three sampling locations, based on fish collections made for mercury analyses. This will
provide a measure of fish species richness (the total number of species captured at each site) and a crude
measure of population abundance (i.e., “common," "uncommon," or "rare"} for fish species at each of the

three study areas.

2.4.2 Fish Sampling for Mercury Residues

The revised Biomonitoring Plan did not call for fish sampling in January 1994. A combination of sampling
techniques was employed in October 1993 in an effort to collect enough fish for a thorough comparative
analysis of mercury body burdens. Minnow traps baited with cottonseed cake were set at the Site 8 Pond
and both control sites, left overnight, and retrieved the following day. Baited trap nets were deployed at the
Site 8 pond and Mattawoman Creek control site (Control Site 2), left overnight, and retrieved the following
day. Trap nets were set perpendicular to shore in 1 to 3 feet of water, just below the surface. Trap nets

were of conventional design with a leader and two wings directing fish to the baited "heart” of the net.

A 100-foot-long monofilament gill net was fished overnight at the Stump Neck beaver pond control site
(Control Site 1). Several trotlines were also fished at the Stump Neck site. Trotlines consisted of a
30-foot-long nylon cord strung horizontally between two snags (or tree branches driven into the pond
bottom) with a series of monofilament drop lines, each with a baited hook, hanging into the water.

Electrofishing was not attempted at any of the three study sites because it had proven ineffective in previous
sampling attempts.

In previous rounds of biomonitoring, an inability to collect target species necessitated the use of surrogates
[Micropterus salmoides (largemouth bass), Ameiurus nebulosus (brown bullhead ‘"catfish*), and
mosquitofish/mummichog] for mercury analyses (Halliburton NUS, 1993b; Halliburton NUS, 1993d). The
target species and their designated surrogates were chosen because they represent three distinct trophic

levels: top-of-the-food-chain predator, bottom-feeding omnivare, and surface-feeding insectivore.

In October 1993, samples of all fish species collected (8 total) at the 3 sites were analyzed for mercury
residues. No effort was made to assign fish to trophic levels or limit the number of analyses conducted.
This change in methodology was intended to increase available information on the extent and magnitude
of mercury contamination in the Site 8 pond as well as background ievels of mercury in fish from the control
sites. Three species from the Site 8 pond [Notropis sp. (shiner), eastern mosquitofish, and brown bullhead],
three species from Mattawoman Creek [Lepomis gibbosus (pumpkinseed), Lepomis macrochirus (bluegill),
and Semotilus atromaculatus (creek chub)], and four species from the Stump Neck beaver pond [Anguiila

rostrata (American eel), shiner, Erimyzon oblongus (creek chubsucker), and pumpkinseed] were captured.
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All fish collected were placed on ice and shipped to Gascoyne Laboratories, Incorporated, for analysis of

mercury residues in tissue.

2.4.3 Fish Sampling for Lead Residues

A portion of the fish samples collected in October 1993 were set aside and later analyzed by Gascoyne
Laboratories for lead residues. The examination of lead levels in fish was intended to address concerns
about possible lead contamination in sediments and biota of the Site 8 pond voiced by members of the
Indian Head Division, NSWC Technical Review Committee (TRC), a working group made up of personnel
from the Indian Head Division, NSWC, state and Federal regulators, and residents of Indian Head and

Charles County, Maryland.
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3.0 BIOMONITORING RESULTS AND DISCUSSION

3.1 WATER QUALITY

Water quality data for January 1994 are presented in Table 3-1. Water temperatures in the Site 8 pond on
January 27, 1994, ranged from 0.7° to 1.1°C. The water temperature at Transect 10, which is located in a
tributary stream northeast of Site 8, was 0.7°C. Water temperatures at the two control sites were lower than
those observed at Site 8: 0°C at Control Site 1 (Stump Neck beaver pond) and 0.4°C at Control Site 2
(Mattawoman Creek). January 1993 water temperatures in Site 8 pond ranged from 0.5°C (downlake) to
2.7°C (uplake), while temperatures in Control Sites 1 and 2 in January 1983 were 8.8°C and 2.8°C,

respectively.

DO concentrations measured in the Site 8 pond in January 1994 ranged from 7.0 mg/L to 8.0 mg/L. The
DO measurements observed at Contro! Site 1 were higher, averaging 10.6 mg/L. DO levels in Control Site 2
were also higher, averaging 10.1 mg/L. DO levels measured in January 1994 at all transects were higher
than the DO levels measured in the previous quarter, October 1993. The October 1993 DO levels in Site 8
pond were the lowest recorded to date, ranging from 3.2 mg/L at Transect 4 to 5.1 mg/L at Transect 1.

Higher DO levels are expected in winter because DO concentrations vary inversely with water temperature.

DO is a critical water quality parameter in most circumstances because it defines available fish and
invertebrate habitat. When oxygen is abundant, aquatic organisms are better able to withstand a variety of
stresses, ranging from high water temperatures, to chemical pollution, to disease. When oxygen
concentrations are low, all the aforementioned stresses are exacerbated. Annual DO regimes in the Site 8

pond are not suitable for sensitive species with more demanding habitat requirements.

As in earlier quarterly rounds of biomonitoring (Halliburton NUS, 1993b; Halliburton NUS, 1993d; Halliburton
NUS, 1993e), water samples were taken from the Site 8 pond and the two control sites in January for
measurements of Total Organic Carbon (TOC) and Total Hardness (as CaCO,). Total organic carbon (TOC)
values ranged from 15.0 to 18.0 mg/L at the three transects in the Site 8 pond (see Table 3-1). TOC was
15.0 mg/L at Transect 10, just upstream of the Site 8 pond. TOC levels averaged 7.0 mg/L at Control Site 1
and 9.5 mg/L at Control Site 2. Total organic carbon is an index of the total amount of organic material in
a sample, such as suspended organic matter in the water column. In aquatic systems, organic carbon

reduces the uptake and toxicity of contaminants through adsorption of contaminants to particle surfaces.
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TABLE 3-1

WATER QUALITY DATA - JANUARY 27, 1994
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

Total

Station DO Temp H Cond Salinity | TOC Hardness

(mg/L) (°C) P (umhos) | (ppt) | (mg/L) | (as CaCO,)

in mg/L
Transect 1 8.0 09 65| 6930 0 18.0 62.0
Transect 4 8.0 0.7 65| 623.0 0 15.0 70.0
Transect 7 7.0 1.1 6.6 551.0 0 15.0 55.0
Transect 10 8.0 0.7 63| 5740 0 15.0 66.0
?S‘:E:;‘:)' ;';ik‘) 106 0 61| 2340 0 7.0 29.0
?ﬁ:&f&gﬁ;‘;ﬁ Crosk) 10.1 0.4 57| 1235 0 95 46.0
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Total hardness (as CaCO

~—
—

ranged from 55.0 to 70.0 mg/L at Transects 1, 4, 7, and 10. Sam
Transects 1, 4, and 10 exceeded 60 mg/L CaCO,, a hardness level which is indicative of moderately hard
water (van der Leeden, et al., 1990). Prior to January 1994, hardness measurements at all sampling stations

were below 60 mg/L, a value indicative of soft water (fow in dissolved ions, with minimal buffering capacity)
h

Site 8 pond’s water chemistry or is an aberration. Total hardness values at the two control sites were lower
than Site 8. Control Site 1 hardness measurements averaged 29.0 mg/L. Hardness in samples from Control
Site 2 averaged 46.0 mg/L.

The toxicity of lead, which has been identified as a possible contaminant in NSWC - Indian Head Division
waters, decreases as water hardness increases. Accordingly, the U.S. Environmental Protection Agency
(EPA) ambient water quality criterion for lead must be calculated on a case-by-case basis to accommodate
the influence of water hardness on toxicity (EPA, 1984). Soiubility of iead in water aiso decreases with
increased hardness, suggesting that reduced solubility is responsible for reductions in toxicity
{Sorensen, 1991).

3.2 PERIPHYTON

In January 1994, typically five divisions of periphyton were represented at Transects 1, 2, 3, and 4 from
Site 8. These periphyton are composed of Cyanophyta (blue-green algae), Chlorophyta (green algae),
Chrysophyta (golden-brown algae), Bacillariophyta (diatoms) and Pyrrophyta. Tables A-1 through A-15,

The periphyton density at Transect 1 representing the five divisions averaged 11,634 cells/cm? and was

composed of 36.6 percent blue-green algae, 26.2 percent green algae, 25.2 percent golden-brown aigae,

11.8 percent diaioms, and < 1 percent Pyrrophyta.
Periphyton density at Transect 2 averaged 23,344 cells/cmz. However, only four of the five divisions were
represented, with golden-brown algae the most common group (40.2 percent of the total) followed closely

by green algae (34.9 percent). Biue-green algae made up 18.5 percent of the total, while diatoms

represented 6.5 percent. No Pyrrophyta were detected at Transect 2.

Periphyton collected from Transect 3 represented five divisions with an average density of 27,447 cells/cm?.

Blue-green algae was the most common group, making up 45.8 percent of algae collected at this transect.
Green and golden-brown algae made up 21.1 and 17.9 percent of the total, respectively. Diatoms were also

present (14.7 percent) along with a small number (< 1 percent) of Pyrrophyta.
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Periphyton samples from Transect 4 were dominated by green (43.4 percent of total) and blue-green
(29.1 percent of total) algae, but there were also substantial numbers of diatoms (24.8 percent). Seven
genera of diatoms were collected, and five of these (Navicula, Synedra, Gomphonema, Cyclotella, and
Melosira) are on the EPA list of the 22 most pollution-tolerant genera of algae (Palmer, 1975). Total

periphyton density at Transect 4, averaged 21,859 cells/cmz.

The January 1994 periphyton community of Control Site 1 (the Stump Neck beaver pond) was dominated
by golden-brown algae (57.7 percent of total) and diatoms (34 percent of total), while blue-green and green
algae were present in much smaller numbers (6.2 and 2.2 percent, respectively). The mean density at
Control Site 1, (8,439 cells/cm?), was lower than any of the Site 8 transects sampled during this period.
There were no periphyton samples taken from Control Site 2 (Mattawoman Creek) in January 1994, due to

the loss of the samplers.

Periphyton density and richness in samples collected from January 1993 through January 1994 are
summarized in Figures 3-1 and 3-2. The periphyton of Site 8 have shown distinct seasonal differences in
population abundance and community structure. Although the degree of change between seasons indicated
by these data may be exaggerated, the trends are probably representative of periphyton community changes
in the Site 8 pond and other small ponds in the region. Periphyton densities in ponds are typically highest
in spring and fall (when moderate temperatures stimulate growth and reproduction of algae) and lowest in

winter and summer (when temperature extremes limit growth and reproduction of algae).

Periphyton density reached the expected winter low in January 1993 across the Site 8 transects with values
ranging from 2,771 to 4,741 cells/cm?. The numbers of genera identified ranged from 17 to 19 and were
dominated by a diverse assemblage of diatoms. Genera associated with clean waters were present, as well

as diatoms often used as bioindicators of stress or pollutants in aqguatic ecosystems (Hailiburton
NUS, 1993b).

Densities reached a yearly peak in three of the four Site 8 transects in April 1993, with Transect 2 being the
highest at 149,729 cells/cm? (Halliburton NUS, 1993d). Conversely, richness was lowest at the Site 8
transects in April 1993. As in January 1993, the low diversity in April reflected the dominance of diatoms
which ranged frdm 94.7 to 98.7 percent of periphyton collected. This seasonal peak in abundance is typical
of periphyton communities in ponds and reservoirs in temperate zones and is the result of seasonal
differences in solar radiation (both light intensity and photoperiod), water temperature, nutrient inputs, and,

in the case of diatoms, the availability of substances such as silicon and iron, both essential for their
development.

R-04-94-14 34



200

PERIPHYTON DE
INDIAN HEAD DIVISION, NAYV,

FIGURE 3-1

NSITY (CELLS/cm?)
AL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

150

>
R
&
O ¥ )
Q 2 100 | ;
o <
< ° D
O D
= X
D
D
50 + X
0 -__EM
January 1993 i July 1993 January 1994
April 1993 October 1993
Date

&

R-04-94-14

Transect 1

Transect 4

@ Transect 2
. Control Site 1

N

% Transect 3

Control Site 2




FIGURE 3-2

PERIPHYTON DIVERSITY

INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

INDIAN HEAD, MARYLAND

35

30 ~

20

15

Number of Genera

N/

MO

RN

X X

X )

NI

N\

X X XX

DN

96%%070 %7076 70707 70 0% Y0 e e %
\/

\\\\\\\.\}\\

\/

L X X

Pe%e%

74

January 1993  April 1993 July 1993 October 1993 January 1994

V4

R-04-94-14

Transect 1

Transect 4

Date
74
Transect 2 Transect 3

. Control Site 1 Control Site 2

3-6



In distinct contrast to April, periphyton density at Site 8 was lowest in July 1993, and diversity was relatively
high. Periphyton density dropped from its 1993 peak in April to densities which ranged from 194 to
602 cells/cm? in July (Halliburton NUS, 1993e). Some reduction in densities was expected, since diatoms
typically bloom in spring or early summer; however, the dramatic decrease in density from April to July was
attributed, in part, to macroinvertebrates grazing on algae colonizing the glass periphytometer slides
(Halliburton NUS, 1993e}. The increase in richness was the result of the spring-to-summer shift from the
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Periphyton densities ranged from 43,983 to 97,951 cells/cm? in October 1993, a large increase over those
reported for July 1993 (Halliburton NUS, 1994). The higher periphyton densities in October may be related
to: (1) reduced grazing; (2) increased levels (or availability) of critical nutrients, such as nitrogen and
phosphorus, resulting from increased circulation of bottom sediments that often follows cooler temperatures
and mixing in the fall; (3) nutrient inputs resulting from the decompaosition of plant material; or (4) water
temperatures more conducive to periphyton growth and/or reproduction. Diversity was high at all Site 8

transects in October 1993, with a total of 36 genera identified.

Periphyton densities were lower in January 1994 than April or October 1993, but were considerably higher
than those seen in January 1993. The number of genera identified in January 1994 ranged from 15 to

19 across the Site 8 transects, values which distinctly parallel the 17 to 19 range observed in January 1993.

In contrast to Site 8, density and diversity at Control Site 1 (Stump Neck beaver pond) were lower in
April 1993 than in July 1993, October 1993, or January 1994. Densities showed a steady increase from
July 1993 (1,011) to October 1993 (17,749) to January 1994 (25,318). The number of genera collected in
July (17) represented a dramatic increase from April 1993, when 5 genera (all diatoms) were collected, but
October marked the highest number (21) collected to date. No periphyton samples were collected from the
Control Site 2 (Mattawoman Creek) in January 1993.

As with Site 8, Control Site 2 showed highest densities and diversity in October 1993. While 13 genera were
present in April 1993, 16 were present in July 1993, and 24 genera were present in October 1993. Densities
showed a similar increase over this period, from 5,786 cells/cm2 in April to 29,072 cells/cm2 in October.
There was a shift from a diatom-dominated community in January and April, to a diatom-green algae
community in July, to a diatom/golden-brown/blue-green/green algae community in October, similar to the
pattern seen at Site 8 and Control Site 1. Periphyton samples were not collected from Control Site 2 in
January 1993 or 1994.
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The similarities in periphyton community structure and development (i.e., kinds of periphyton present and
seasonal patterns of "succession") observed at Site 8 and Control Site 1 suggest that extrinsic factors exert
a large measure of control over periphyton community development in these two small ponds. More
specifically, these data suggest that climatological influences (such as the number of cloudless days, air
temperatures, wind, and frequency and amount of rainfall), which should be similar at the two locations, may
be as important as the existence of pollutants (at least in the concentrations present) or the activity of higher
biota (e.g., numbers and kinds of macroinvertebrates present, numbers and feeding ecology of fish present,
activity of beavers, muskrat, or waterfowl) in determining numbers and relative proportions of algae present.
If, on the other hand, the periphyton community structure were markedly different at Site 8--showing a much
simpler community structure or a periphyton community composed of pollution-tolerant forms--mercury
contamination could not be ruled out as a possible determinant. it is unclear whether the differences in
periphyton seasonal patterns of abundance are real or whether they are a statistical anomaly. The increase

in abundance of periphyton at Control Site 1 from October 1993 to January 1994 was unexpected.

3.3 BENTHIC MACROINVERTEBRATES

The Site 8 pond, with its rooted aguatic vegetation (in shallows and around pond margins) and soft,
gently-sloping bottom (consisting of silt, muck, and organic detritus) is typical of tidally-influenced freshwater
ponds in the Potomac River estuary (Maryland DNR, 1981). Since April 1993, the bottom substrate has been
characterized as unconsolidated silt and mud (Coastal Environmental Services, 1993a; 1993b; 1993c, 1994).
Table 3-2 lists densities and relative proportions of macroinvertebrates found in benthic sediments from
Site 8 and the two control sites in 1993 and January 1994.

In January 1994, macroinvertebrate density and diversity were low in benthos collections from all Site 8
transects; the same pattern observed in April, July, and October 1993. Densities at the Site 8 transects
ranged from 53 organisms/m? at Transect 2 to 654 organisms/m? at Transect 7, a stark contrast to densities
observed in January 1993 which ranged from 790 to 3,783 organisms/m?. As in April, July, and
October 1993, diversity was low in January 1994 at all Site 8 transects with no more than three taxa
collected for any individual transect sampled. For this report, the term "diversity" is used in its loosest sense:

the number of taxa observed at a given location is technically a measure of richness.

The most common organisms in Site 8 collections from January 1993 to January 1994 were chironomids
and the annelid worm, Oligochaeta. Oligochaetes made up 54.7 to 100 percent of animals collected from
a given transect in January 1994 and were represented by two largely-aquatic families: Tubificidae and
Lumbriculidae. Aquatic oligochaetes are burrowing detritivores, well suited for silt and mud substrates. Most

aquatic oligochaetes are able to tolerate low DO concentrations (Pennak, 1978).
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TABLE 3-2

BENTHIC MACROINVERTEBRATES
DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Transect 1
Taxon
Jan 93 Apr 93 Jul 93 Oct 93 Jan 94

Hymanelila sp.
Planariidae
Nematoda
Oligochaeta 878 (48.2) 95 (68.3) 38 (100) 19 (65.5) 197 (68.1)
Branchiura sp. 13 (9.4) 63 (21.8)
Polychaeta 19 (1.0)
Hirudinea
Asellus sp. 98 (5.4)
Gammarus sp. 493 (27.1)
Ephemerella sp. 26 (1.4)
Gomphus sp. 42 (2.3)
Calopteryx sp. 6 (0.3)
Helocordulia sp.
Hemiptera
Notonecta undulata 3(0.2)
Sialis sp.
Trichoptera
Dysticidae 6 (0.3)
Diptera (adult)
Diptera (larvae) 6 (4.3)
Culex sp.
Chironomidae 228 (12.5) 25 (18.0) 10 (34.5) 29 (10.0)
Helisoma sp. 6 (0.3)
Gyraulus sp. 3(0.2)
Ferrissia sp.
Lymnaea sp.
Physa sp.
Physella sp. 6 (0.3)
Unionidae
Corbicula sp.
Pisidium sp.
Sphaerium sp. 6.0 (0.3)
Totals 1820 139 38 29 289
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TABLE 3-2 (CONTINUED)

BENTHIC MACROINVERTEBRATES
DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Transect 2

Jan 93

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

Nematoda

Oligochaeta

615 (77.8)

273 (86.4)

48 (76.2)

342 (79.9)

29 (54.7)

Branchiura sp.

38 (12.0)

5 (7.9)

38 (8.9)

Polychaeta

24 (3.0)

Hirudinea

Asellus sp.

15 (1.9)

Gammarus sp.

10 (1.3)

Ephemerella sp.

Gomphus sp.

5 (0.6)

Calopteryx sp.

Helocordulia sp.

Hemiptera

Notonecta undulata

10 (1.3)

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

5 (0.6)

5 (9.4)

Culex sp.

Chironomidae

101 (12.8)

5 (1.6)

10 (15.9)

48 (11.2)

19 (35.8)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp.

Physelia sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp.

5 (0.6)

Totals

790

316

63

428

53
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TABLE 3-2 (CONTINUED)
BENTHIC MACROINVERTEBRATES

DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Transect 3

Jan 93

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

Nematoda

Oligochaeta

962 (93.4)

57 (50.0)

306 (96.8)

95 (62.1)

38 (65.5)

Branchiura sp.

38 (33.3)

10 (3.2)

10 (6.5)

10 (17.2)

Polychaeta

Hirudinea

10 (1.0)

Asellus sp.

Gammarus sp.

Ephemerelia sp.

Gomphus sp.

10 (1.0)

Calopteryx sp.

Helocordulia sp.

Hemiptera

Notonecta undulata

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

19 (16.7)

Culex sp.

Chironomidae

48 (4.7)

48 (31.4)

10 (17.2)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp.

Physella sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp.

Totals

1030

114

316

153

58
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TABLE 3-2 (CONTINUED)

BENTHIC MACROINVERTEBRATES
DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Transect 4

Jan 93

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

Nematoda

Oligochaeta

1000 (86.0)

345 (85.8)

278 (100)

95 (90.5)

77 (100)

Branchiura sp.

Polychaeta

Hirudinea

Asellus sp.

Gammarus sp.

29 (2.5)

Ephemerella sp.

Gomphus sp.

19 (1.6)

Calopteryx sp.

Helocordulia sp.

Hemiptera

Notonecta undulata

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

Culex sp.

Chironomidae

96 (8.3)

57 (14.2)

10 (9.5)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp.

Physella sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp.

19 (1.6)

Totals

1163

402

278

105

77
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TABLE 3-2 (CONTINUED)
BENTHIC MACROINVERTEBRATES

DENSITY (NO./M2) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Transect 5
Taxon

Jan 93 Apr 93 Jul 93 Oct 93 Jan 94

Hymanella sp.

Planariidae

Nematoda

Oligochaeta 3058 (85.5) | 1235 (96.3) 316 (100) 191 (86.8) 135 (93.1)

Branchiura sp. 10 (<1.0) 10 (6.9)

Polychaeta

Hirudinea 77 (2.2)

Asellus sp.

Gammarus sp.

Ephemerella sp.

Gomphus sp.

Calopteryx sp.

Helocordulia sp.

Hemiptera

Notonecta undulata

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae) 19 (0.4) 19 (1.5)

Culex sp.

Chironomidae 77 (2.2) 29 (13.2)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp. 19 (1.5)

Physella sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp. 347 (9.7)

Totals 3578 1283 316 220 145
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TABLE 3-2 (CONTINUED)
BENTHIC MACROINVERTEBRATES

DENSITY (NO./M2) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Transect 7

Jan 93*

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

Nematoda

Oligochaeta

96 (83.5)

134 (100)

86 (69.4)

625 (95.6)

Branchiura sp.

Polychaeta

Hirudinea

Asellus sp.

Gammarus sp.

Ephemerella sp.

Gomphus sp.

Calopteryx sp.

Helocordulia sp.

Hemiptera

Notonecta undulata

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

Culex sp.

Chironomidae

38 (30.6)

29 (4.4)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp.

19 (16.5)

Physella sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp.

Totals

0

115

134

124

654

* This station was not sampled in January 1993.
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TABLE 3-2 (CONTINUED)

BENTHIC MACROINVERTEBRATES
DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Transect 10

Jan 93

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

Nematoda

Qligochaeta

3178 (84.0)

431 (91.9)

468 (97.9)

48 (36.1)

371 (97.4)

Branchiura sp.

10 (2.6)

Polychaeta

Hirudinea

Asellus sp.

Gammarus sp.

Ephemerella sp.

Gomphus sp.

Calopteryx sp.

Helocordulia sp.

Hemiptera

Notonecta undulata

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

Culex sp.

Chironomidae

85 (63.9)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp.

38 (38.1)

Physelia sp.

39 (1.0)

Unionidae

Corbicula sp.

19 (0.5)

Pisidium sp.

506 (13.4)

Sphaerium sp.

41 (1.0)

10 (2.1)

Totals

3783

469

478

133

381

* This station was not sampled in January 1993.
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TABLE 3-2 (CONTINUED)

BENTHIC MACROINVERTEBRATES
DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Stump Neck Beaver Pond Control Site (Control Site 1)

Jan 93*

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

19 (1.9)

Nematoda

Oligochaeta

326 (84.9)

832 (82.0)

67 (69.1)

1049 (90.7)

Branchiura sp.

Polychaeta

Hirudinea

Asellus sp.

Gammarus sp.

10 (10.3)

19 (1.6)

Ephemerella sp.

Gomphus sp.

10 (10.3)

Calopteryx sp.

10 (10.3)

Helocordulia sp.

10 (<1.0)

Hemiptera

Notonecta undulata

Sialis sp.

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

10 (2.6)

10 (<1.0)

Culex sp.

Chironomidae

19 (4.9)

163 (16.1)

39 (3.4)

Helisoma sp.

29 (7.6)

Gyraulus sp.

Ferrissia sp.

Lymnaea sp.

Physa sp.

Physelia sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp.

29 (2.5)

Totals

0

384

1014

97

1156

* This station was not sampled in January 1993.
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TABLE 3-2 (CONTINUED)
BENTHIC MACROINVERTEBRATES

DENSITY (NO./M?) AND RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

Taxon

Mattawoman Creek Cantrol Site (Control Site 2)

Jan 93*

Apr 93

Jul 93

Oct 93

Jan 94

Hymanella sp.

Planariidae

Nematoda

Oligochaeta

10 (3.0)

192 (50.0)

10 (5.5)

981 (60.7)

Branchiura sp.

Polychaeta

Hirudinea

Asellus sp.

Gammarus sp.

10 (2.6)

10 (56.5)

10 (<1.0)

Ephemerella sp.

Gomphus sp.

Calopteryx sp.

10 (5.5)

10 (<1.0)

Helocordulia sp.

Hemiptera

Notonecta undulata

Sialis sp.

10 (2.6)

10 (5.5)

10 (<1.0)

Trichoptera

Dysticidae

Diptera (adult)

Diptera (larvae)

Culex sp.

Chironomidae

326 (97.0)

172 (44.8)

143 (78.1)

576 (35.6)

Helisoma sp.

Gyraulus sp.

Ferrissia sp.

10 (<1.0)

Lymnaea sp.

10 (<1.0)

Physa sp.

Physella sp.

Unionidae

Corbicula sp.

Pisidium sp.

Sphaerium sp.

10 (<1.0)

Totals

0

336

384

183

1617

* This station was not sampled in January 1993.
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The tubificid oligochaete Branchiura, collected at Transects 1, 3, 5, and 10 in January 1994, is often found
in oxygen-poor lake bottom sediments. This genus has unusual gill-like structures on the lower part of its
body that supplement the "normal" respiration at the capillary-rich, body surface (Pennak, 1978).
QOligochaete species are variable in their ability to withstand other environmental stresses. Several genera
are very stress-resistant (e.g., Tubifex and Limnodrilus) and may develop tremendous populations in the
absence of other aquatic organisms which have been destroyed by pollution. it is not true of all species
in these genera, however. Nor is it true of all genera in the family Tubificidae (Whitley, 1982). Note that
Table 3-2 "lumps" rather than splits oligochaete families, to make comparisons between Phase | and Phase |l

more meaningful.

Two odonate (dragonfly larvae) genera, Gomphus and Calopteryx, were collected from the Site 8 pond in
January 1993 but have not been collected since. Both Gomphus and Calopteryx were collected at Control
Site 1 in October 1993. Calopteryx were also in Control Site 2 samples in October 1993 and January 1994.
The Odonata are regarded as indicators of reasonably-good water quality, but can tolerate extremes of
certain chemical parameters, such as chlorides and sulfates (Roback, 1974). Pennak (1978) notes that

dragonfly larvae are typically found in the bottoms of ponds, marshes, and sluggish streams, but are rare

in polluted waters.

The megalopteran (alderfly larvae) Sialis, a sediment-dwelling predator that feeds on insect larvae, annelid
worms, and crustaceans, was collected at Site 8 in 1992 (Halliburton NUS, 1993a) but was not collected
in 1993. Sialis was collected at Control Site 2 in July 1993, October 1993, and January 1994. Roback
(1974) identifies Sialis as one of the few pollution tolerant genera of Megaloptera. However, this is based
on the genus's ability to withstand extremes of pH and high concentrations of several ions (e.g., sulfate and

chloride), not a tolerance of low oxygen levels. Sialis requires DO concentrations of at least 5.0 mg/L,

according to the same reference.

The marked decrease in densities and diversity of macroinvertebrates at all Site 8 transects between January
and April 1993 was attributed to: (1) unusually-heavy rains during the spring in the Indian Head area, and
(2) installation of a weir-water control structure in the pond (Halliburton NUS, 1993d). Heavy spring rains
and flooding probably resuited in flushing of the drainage basin, with many macroinvertebrates (excluding
certain burrowing forms, like oligochaetes) being driven downstream. The benthos of Site 8 is particularly
vulnerable to displacement because there are few habitat-forming structures (stumps, logs, boulders, pilings)
in the pond that provide refuge from the current. Also, the substrate is mostly loose, unconsolidated
material that is easily disturbed, resuspended, and transported downstream. The installation of a weir/water
control structure in the Site 8 pond may have also contributed to the low numbers and diversities observed.

A cofferdam was put in place on April 19, 1993, and the area behind the cofferdam was subsequently
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drained (J. Bossart, Indian Head Division, NSWC personal communication with P. Moore, Halliburton NUS).
A permanent weir was installed on April 23, 1993. The pond level, which had been unusually high as a result
of torrential spring rains, fell to the fevel of the weir after it was installed. The degree to which these activities
resulted in displacement or disturbance of macroinvertebrates is unknown, but some displacement of
mactroinvertebrates may well have occurred.

Density of macroinvertebrates in the January 1994 Control Site 1 collection (1,156 organisms/m?) was the
highest to date. Diversity in January 1994 was also somewhat higher, with six taxa collected (90.7 percent
were oligochaetes), inciuding an odonate (Helocordulia sp.) which had not been previously collected.
Helocordulia are typically found along the margins of creeks in shallow areas containing decaying plant
material. Little information is known about this genus’ life history and its ability to withstand environmental

stresses (e.g., low oxygen levels, etc.). In previous quarters, three to four taxa were collected.

Samples collected in January 1994 from Control Site 2 showed an increase in density and diversity from the
previous three quarterly sampling sessions. Densities in April, July, and October 1993 ranged from 183 to
384 organisms/m?, values somewhat lower than the average density of 1,617 organisms/m? collected in
January 1994. Although the January collections were composed primarily of oligochaetes (60.7 percent)
and chironomids (35.6 percent), six additional taxa were identified, including two snail species (Ferrissia sp.
and Lumnaea sp.) that had not been previously collected. Eight taxa were present in January 1994, an
increase over previous quarters which ranged from two in April to five in October 1993. Samples were not

collected from this site in January 1993.

Based on the results of 1993 and 1994 benthos surveys, the macroinvertebrate benthofauna of the Site 8
pond can only be described as depauperate, with low densities of benthic organisms and low taxa richness
(or "diversity"). 1t is unknown whether these low densities are an indication of slow (post-flooding and weir
installation) recolonization, or a long-term change in benthic community structure caused by changes in the

composition of the bottom substrate of the pond.

Very few comprehensive studies of benthos in tidal freshwaters have been conducted (see review in
Odum et al,, 1984). Diaz and Boesch (1977) and VIMS (1978) investigated effects of development on
benthos in the James River, Virginia, a river similar to the Potomac in terms of discharge and drainage area
{(van der Leeden, 1990). Given their geographical proximity and the similarity of the two watersheds,

comparability of trophic state, nutrient loads, water temperature regimes, and biota is presumed.

Both investigations (Diaz and Boesch, 1977; VIMS, 1978) revealed that the benthos of the James River and

adjacent freshwater marshes were dominated numerically by tubificid oligochaetes and farval chironomids,
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and both suggested that the asiatic clam Corbicula was the most important component of benthic biomass.
Members of the order Diptera (which includes flies, mosquitoes, and midges) are the only insect larvae
found in significant numbers in the fresh-to-brackish waters of the Potomac estuary, which includes
Mattawoman Creek and environs (Maryland DNR, 1981). Thus, the numerical dominance of oligochaetes
and chironomids and the low diversity of aquatic insect larvae at Site 8 pond is not surprising, and is not
necessarily indicative of a macroinvertebrate community that has been impacted by deteriorating water
quality. Corbicula have been found in small numbers at Transect 10, the transect which lies in a tributary
of the Site 8 pond, but the substrate of the pond does not appear to be firm enough or stable enough to

support large numbers of these clams.

Diaz and Boesch (1977) suggested that the low species richness and simple community structure generally
observed in benthic communities of tidal freshwater marshes and ponds resuit from the homogeneity of the
habitat, and in particular featureless sand or mud substrates. Many aquatic insect larvae (e.g., many
caddisfly, mayfly, and stonefly genera) are closely associated with debris, leaf litter, gravel, crevices in rocks,
and roots, leaves, and stems of aquatic plants. Diverse communities of aquatic insects are typically found
in areas providing a diversity of habitats (or "niches") with acceptable temperature and oxygen regimes and
abundant food.

3.4 FISH DIVERSITY

As noted earlier, in Section 2.4.1, plans to conduct systematic fish population surveys were abandoned
because of the low species diversity and general scarcity of fish observed in July (U.S. Fish and Wildlife
Service) and October 1992 samples. However, species captured in the course of collecting fish for mercury
analyses are noted and compiled in site-specific species lists. Tabie 3-3 lists fish species collected to date

from the Site 8 pond and the two control sites. No attempts were made to coliect fish in January 1994.

Species richness (as indicated by the number of species captured) is highest at the Site 8 pond, with nine
species collected since July 1992. All are common species of tidal freshwater creeks and ponds of the
mid-Atlantic coast (Odum et al., 1984; Lee et al.,, 1980). The eastern mosquitofish, Gambusia holbrooki,
appears to be the most abundant species in the Site 8 pond and its tributaries. Other species include: from
common [e.g., bluegill (Lepomis macrochirus) and brown bullhead (Ameiurus nebulosus)] to uncommon

[e.g., largemouth bass (Micropterus salmoides)] in Site 8 collections.
Until July 1993, only a few individuals representing a single species, the eastern mudminnow, Umbra

pygmaea, had been collected at Control Site 1. In July 1993, two new species, Erimyzon oblongus and Esox

americanus, were collected at this site. In October 1993, three more new species were collected: American
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INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

TABLE 3-3

FISH COLLECTED FROM SITE 8 AND CONTROL SITES

INDIAN HEAD, MARYLAND

Species

Site 8

Stump Neck Beaver Pond
(Control Site 1)

Mattawoman Creek
(Control Site 2)

7-92

10-92

1-93

4-93

7-93

10-93

10-92

193] 493 | 793 | 1

0-93

10-92

1-93

4-93

7-93

10-93

Anguilla rostrata

Notropis sp.

Semotilus atromaculatus

Erimyzon oblongus

Esox americanus

Ameiurus nebulosus

Umbra pygmaea

Fundulus heteroclitus

Gambusia holbrooki

Lepomis gibbosus

Lepomis gulosus

Lepomis macrochirus

Micropterus salmoides

Morone americana




eel (Anguilla rostrata), an unidentified shiner (Notropis) species, and pumpkinseed (Lepomis gibbosus).

Three new fish species were also collected at Control Site 2 in October 1993: bluegill, pumpkinseed, and
creek chub (Semotilus atromaculatus). These three species are all common inhabitants of Maryland waters
(Lee et al., 1980; Maryland DNR, 1981). Because Control Site 2 is used year-round by a variety of freshwater
fish species, is used in spring and summer by a number of anadromous (migratory) fish species that move
into its waters to spawn, and is used by the catadromous American eel (which spends part of its life cycle
in freshwater and part in salt water) the number of fish species collected from Control Site 2 is expected to

increase steadily over the course of the biomonitoring study.

It was suggested in previous monitoring reports (Halliburton NUS, 1993b; Halliburton NUS, 1993d) that the
installation of a weir-water control structure at the Site 8 dam would reduce fish diversity in the pond over
time. This assumed that the weir would prevent fish (and invertebrates) from moving into the Site 8 pond
from Mattawoman Creek, resuiting in a fishery that is less diverse and more typical of a freshwater stream/
pond than an estuary. It was also suggested that in the absence of recruitment from downstream, at least
one species—the mummichog, Fundulus heteroclitus--would likely decrease in relative abundance. The
mummichog is able to reproduce and maintain population levels in freshwater impoundments under certain
circumstances, but is more likely to flourish in brackish tidal waters (Scott and Crossman, 1973;
Lee et al., 1980). The mummichog has not been collected since April 1993, but it would be premature to
suggest that this species has been eradicated from the Site 8 pond. The mummichog is a hardy species
that can tolerate high water temperatures and low levels of dissolved oxygen, characteristics that have made

it a popular bait fish and laboratory animal in physiological experiments (Scott and Crossman, 1973).

A number of authorities have suggested using the structural and functional attributes of fish communities
as indicators of the health of aquatic ecosystems (Karr, 1981; Fausch et al., 1984; Angermeier and
Karr, 1986; Fausch et al., 1990; Karr, 1991). These "rating" systems use different terminology (i.e., different

metrics and indices) to measure aquatic habitat quality, but they have a number of criteria in common,
among them:

] Species Richness and Composition
- Total number of fish species/abundance of each species
- Number/identity of darter species
- Number/identity of sunfish species
- Number/identity of sucker species

- Number and identity of pollution-intolerant species

R-04-94-14 3-22



e  Trophic Composition
- Proportion of individuals as omnivores
- Proportion of individuals as insectivorous

- Proportion of individuals as top carnivores

Regardless of the rating system employed, the Site 8 pond would be classified as a degraded or impaired
aguatic community (“poor” or “"fair" habitat, depending on which classification scheme is used). The Site 8
pond has (1} low species richness (nine species collected to date) and generally low abundance of fish,
(2) no darter (i.e., Etheostoma and Percina) species, (3) only three sunfish species (bluegill, pumpkinseed,
and warmouth), (4) no “intolerant” species (species, such as trout and sculpin that are intolerant of
eutrophication/siltation /pollution), (5) a high proportion of pollution-tolerant species, such as brown bullhead

and mosquitofish, (6) a high proportion of omnivorous species and almost no "top carnivores” (e.g., bass
and pickerel).

The fish community of the Site 8 pond is composed of hardy, pollution-tolerant species, such as the brown
bullhead, the mosquitofish, and the mummichog. Fish species with more demanding habitat requirements
(i.e., those that cannot tolerate high temperatures and low DO levels) are conspicuously absent. But, as
noted elsewhere in this report, this appears to be a function of physical and chemical factors (e.g., siltation

and low DO) rather than mercury contamination.
3.5 ANALYSIS OF MERCURY IN TISSUE OF AQUATIC ORGANISMS

In 1993, samples of all fish species collected were shipped on ice to Gascoyne Laboratories, Inc., for
analysis. EPA SW-846 Method 7471 (analytical detection limit = 0.01 mg/kg) was used to determine the
concentration of total inorganic mercury present in each sample. Analyses were performed on homogenized
whole body samples, rather than on fillets. The rationale for using whole-body samples was the assumption
that small prey species such as Fundulus and Gambusia, which have made up the majority of fish collected
from Site 8 and both control stations, are aimost always eaten whole by predatory fish, piscivorous birds,

and piscivorous mammals.

In previous quarterly reports (Halliburton NUS, 1993b; Halliburton NUS, 1993d), it was suggested that the
limited data did not exhibit any particular trends with respect to mercury concentrations in tissue. For
example, the data failed to demonstrate a marked difference in the concentrations of mercury measured in
different fish species collected at a particular site (e.g., Site 8). Because mercury exhibits a tendency to
biomagnify (increase in concentration at higher levels of a food chain), detection of higher concentrations

of mercury in bluegill (a mid-food chain organism that eats insects and small fish) than in Gambusia (an
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omnivore that eats zooplankton, insects, and some plant material) was anticipated. This was not the case;
however, concentrations of mercury were higher in Site 8 Gambusia than bluegill in every quarter where both

species were captured.

The tissue concentrations of mercury measured in the samples of Site 8 bluegill collected in January, April,
and July 1993 {(0.02, 0.06, and 0.09 mg/kg Hg, respectively) are similar to concentrations reported by the
USFWS for this area between 1987 and 1991 (USFWS, 1991). As noted in these USFWS reports, the levels
of mercury reported for Indian Head bluegill are similar to those reported for bluegill collected from other
locations in Maryland and the United States. The combined bluegill data (1987-1993) suggest that the levels
of mercury available to these organisms have remained relatively constant over the last six years, and that
mercury tissue levels in bluegill have remained within the range reported for this species from other Maryland

locations.

Eisler (1987) suggested that fish tissue levels of 0.1 mg/kg mercury (wet weight) be used as a guideline for
the protection of piscivorous birds (e.g., the common merganser, Mergus merganser), and recommended
that 1.1 mg/kg mercury serve as a guidance level for the intake of fish by piscivorous mammals (e.g., the

river otter, Lutra canadensis).

In the first three rounds of biomonitoring (October 1992, January 1993, and April 1993), the concentrations
of mercury present in fish samples from Site 8 and the two control sites were almost always below these
suggested guidance levels, indicating that piscivorous birds and mammals that feed in these areas are not
at risk (Halliburton NUS, 1993b; Halliburton NUS, 1993d). Prior to July, only one sample (Gambusia in
January 1993) exceeded the 0.1 mg/kg Hg guidance level. No Gambusia were collected in April or

July 1993. Tablie 3-4 shows trends in mercury concentration of fish since October 1992.

In July 1993, two samples (warmouth from Site 8 and redfin pickerel from Control Site 2) showed mercury
levels higher than 0.2 mg/kg. These slightly-elevated mercury concentrations are not surprising, given the
food habits of these species. Warmouth have a more piscivorous diet than most Lepomids (or "sunfish"),
which is generally attributed to the warmouth'’s large, bass-like mouth (Carlander, 1977). Redfin pickerel are
also carnivores--eating insects, crayfish, and fish--but are increasingly piscivorous as they attain larger sizes
(Carlander, 1969; Lee et al., 1980). Piscivorous species such as the warmouth and redfin pickerel that feed

high in the food chain tend to bioaccumulate mercury (Sorensen, 1991).
it should be pointed out that both samples with mercury concentrations higher than 0.2 mg/kg consisted

of a single fish. The pitfalls of drawing inferences from a single observation are obvious. Mercury is

notorious for accumulating in fish muscle and viscera at radically different rates, even within a population.
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TABLE 3-4

TRENDS IN MERCURY CONCENTRATIONS, SITE 8 AND CONTROL SITES

OCTOBER 1992 - OCTOBER 1993
INDIAN HEAD DIVISION NAVAI SURFACE WARFARE CENTER

INDIAN HEAD, MARYLAND

Mercury Concentrations (mg/kg Hg)
Location Organism October | January . July | October
1992 1993 [APIT993 | yqq 1993
Site 8 Pond Notropis (shiner) -- -- -- -- 0.05
Creek chubsucker -- 0.03 -- -- -
Brown bullhead 0.04 -- -- 0.05 0.05
Gambusia (mosquitofish) 0.06 0.15 - -- 12
Warmouth -- -- - 0.23 --
Bi‘u‘egiii 0.02 0.02 0.06 0.05 --
Crayfish -- -- -- 0.07 0.09
Frog - - 0.03 - -
Control Site 1 American eel -- -- -- -- 0.11
(Stump Neck beaver pond) 'E5stern mudminnow - 0.07 - —
Redfin pickerel - - - 021 | -
Notropis (shiner) -- -- -- -- 0.07
Creek chub -- 0.03 -- 0.09 0.11
Pumpkinseed - -- -- - 0.11
Control Site2 Notropis (shiner) -- - 0.04 -- --
(Mattawoman Creek) Creek chubsucker - - - - 0.02
White perch - - 0.02 - -
Pumpkinseed - - - -- 0.01
Warmouth - - -- -- -
Bluegill - -- - - 0.03




This variability in rate of mercury accumulation has been attributed to genetic differences between fish,
differences in sex and maturity, size-related differences, and the presence or absence of pesticides, organic
wastes, and other chemical agents (Sorensen, 1991). Moreover, the fact that one sample with an elevated
mercury level was from Site 8 and the other was from presumably uncontaminated Control Site 1 suggests
that these slightly elevated concentrations are caused by the tendency of carnivorous fish species to
bicaccumulate mercury (whether the source be industrial, atmospheric, or geologic) rather than the

presence of high levels of mercury in the water, sediment, and biota of either pond.

In the absence of more complete data (i.e., more fish samples from Site 8 and both control sites), it may
be unwise to draw any conclusions from the fish toxicology studies. Halliburton NUS will continue to
employ a variety of conventional (e.g., nets, traps, and electrofishing equipment) and unconventional (e.g.,
trotlines) fish collecting technigues and step up the sampling intensity (to the extent practicable) in an effort

to produce more data from representative and important fish species.

Supplemental samples of frogs collected in April 1993 and crayfish collected in July 1993 contained 0.03 and
0.07 mg/kg Hg, respectively. A composite sample of 4 crayfish collected in October 1993 contained
0.09 mg/kg. As noted previously, Eisler (1987) suggests that for the protection of sensitive species of birds
and mammals that "regularly consume fish and other aquatic organisms,” that total mercury concentrations
in the prey items should not exceed 0.1 mg/kg wet weight for birds and 1.1 mg/kg for mammals. Thus the
mercury concentrations measured in crayfish and frogs are not indicative of a serious mercury contamination
problem lower in the food chain.

As noted previously, composite fish samples were split and analyzed for both mercury and lead residues
in tissue in October 1993. None of the fish samples showed lead concentrations above the detection limit
of 10 mg/kg, suggesting that lead contamination is not an imminent threat to the fish and wildlife of Site 8,
Indian Head Division NSWC. Because the screening level of 10 mg/kg for lead was too high, additional fish
samples will be collected in 1994 and analyzed for lead using a lower detection limit. Additional study

(bioassays of a range of plants and animals using more sensitive tests) would be required to rule out subtle,
long-term (sub-lethal) effects.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

Phase | and Phase |l findings (to date) suggest that the Site 8 marsh/pond system has a relatively simple
community structure. The periphyton community was dominated by diatoms and green algae in
October 1992 and July 1993, and by diatoms in January and April 1993. In October 1993 and January 1994,
the periphyton community showed more variety, with diatoms, green algae, blue-green algae, and golden-
brown aigae all present in large numbers. Periphyton, which are short-lived and very pralific, often show
these kinds of pronounced seasonal shifts in community structure. The Site 8 benthic macroinvertebrate

community is composed largely of herbivores that feed on attached algae and detritivores that feed on
organic detritus.

The two most abundant fish species (mosquitofish and mummichog) in 1992 collections from the Site 8
pond are omnivores that feed on plant matter, larval and adult insects, and small fish. In 1993, no species
of fish was abundant, but bluegill, brown bullhead, mosquitofish, and mummichog were all collected on two
or more occasions. Fish species richness and abundance are low at Site 8. Concentrations of mercury in
fish tissue from Site 8 aver the course of this investigation have revealed no clear differences between

species (between bluegill and mosquitofish, for example) or areas (between Site 8 and Control Site 1).

Mercury levels in fish samples collected in the first five quarters of biomonitoring (October 1992 through
October 1993) were generally below those suggested as a guideline for protection of sensitive piscivorous
birds (0.1 mg/kg) and piscivorous mammals (1.1 mg/kg). In July 1993, a warmouth from the Site 8 pond
and a redfin pickerel from the Stump Neck beaver pond control site contained 0.23 and 0.21 mg/kg of
mercury, respectively. In October 1993, one species from Site 8 (mosquitofish) and two species from
Control Site 1 (creek chub and pumpkinseed) contained mercury levels > 0.1 mg/kg. However, all

indications are that birds and mammals that feed on Site 8 fish and invertebrates are not at risk.

4.2 RECOMMENDATIONS

Despite a number of practical and logistical problems caused by low water levels, Phase | biomonitoring was
useful in that it provided data to establish baseline conditions at the study site. Based on the results of the
Phase | biomonitoring, a number of refinements were implemented. These refinements included: (1) reduc-

ing the number of replicate benthos samples taken at the study site, (2) re-evaluating fish sampling methods
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employed, (3) omitting quantitative studies of fish abundance (catch-per-unit-effort) and diversity, and
(4) adding an additional control site (Mattawoman Creek) in hopes of collecting more fish for analysis of

mercury levels in tissues.

As noted earlier, fish population surveys were abandoned during Phase I. The fish community of Site 8 in
July and October 1992 was dominated by two species, Gambusia holbrooki and Fundulus heteroclitus, both
of which are small, schooling species. As a result, fish sampling may produce several hundred fish in a very
short time (if a large school is encountered) or no fish over a longer time period. For these reasons
Halliburton NUS (1993b) recommended that fish be collected for mercury analyses only during Phase II, and
that additional effort go into collecting adequate numbers of fish from the three targeted groups (i.e.,
largemouth bass, brown bulihead, and Gambusia). Based on two Phase | and three Phase l fish collections,
it will often be necessary to use substitute test species {e.g., bluegill for largemouth bass, mummichog for

mosquitofish).

Halliburton NUS recommended in a previous Biomonitoring Report (Halliburton NUS, 1993d) that taxa such
as Trichoptera and Unionidae be classified at least to the genus level (species level when practicable), and
that certain other genera (e.g., the mayfly Ephemerella) be identified to species. More specific
recommendations regarding the appropriate level of macroinvertebrate identification were part of the revised
Biomonitoring Plan (Halliburton NUS, 1993c). These new standards were employed in identifying benthic
macroinvertebrates collected beginning July 1993, and will be used in future biomonitoring. This should
provide more information about the true diversity of the systems and, more importantly, allow a more

detailed examination of pollution-tolerant and pollution-intolerant genera and species.

Because the unconsolidated mud and silt bottom of the Site 8 pond provides poor attachment sites (or
habitat) for benthic macroinvertebrates, artificial substrate samplers (of the Hester-Dendy type) were
employed experimentally in October 1993 to complement the grab sampling device (Petite Ponar) used in
the first four quarters of biomonitoring. The APHA (1985) notes that artificial substrate samplers are useful
because they minimize the effect of physical variables (such as substrate type) and are particularly effective
collectors of larval aquatic insects and crustaceans, groups that may have been under-represented in Site 8
samples. The Hester-Dendy samplers did not appear to be any more effective than the Petite Ponar Grab
samplers, nor did the Hester-Dendy samplers collect any under-represented groups. Hence, there are no
plans to use artificial substrate samplers in the future.

Halliburton NUS and its subcontractor Coastal Environmental Services will continue to utilize a combination

of passive and active fish collection methods including minnow traps, trap or fyke nets, gill nets, and bag-

seines to collect fish at Site 8 and the two control sites. Trot lines were used for the first time in
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vulnerable to any of the other sampling methods employed to date. The sampling objective is to collect
more fish representing the target species (or acceptable surrogates), thus producing more meaningful and

accurate measurements of mercury levels at Site 8 and the two control sites.
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TABLE A-1

TRANSECT tW PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
Taxon (Czlf:/sgz 2 At?ue ;ilt::wece (:angi/ge:%) F\{/\(/e:g;?
(%) (%)

BACILLARIOPHYTA

Cyclotella 224 29 1.73 37

Navicula 448 59 13.08 281

Surirella 224 29 1.8 3.9
CHLOROPHYTA

Chlorella 448 5.9 8.4 18.0

Mougeotia 224 29 5.6 12.0

Oocystis 1344 17.6 4.2 9.0

Scenedesmus 896 11.8 0.42 0.9
CHRYSOPHYTA

Botrydiopsis 1120 14.7 6.23 13.4

Tribonema 2687 35.3 5.08 10.9
TOTALS 7615 100 46.54 100

BACILLARIOPHYTA 896 11.8 16.61 35.7

CHLOROPHYTA 2912 38.2 18.62 40.0

CHRYSOPHYTA 3807 50.0 11.31 24.3
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TABLE A-2

TRANSECT 1C PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
Densit Relative Weiaht Rela.tive
Taxon (cells /cr:/12) Abur(1°c/<ijnce (mg/gmz) W;}Sht
BACILLARIOPHYTA
Fragilaria 328 3.4 23.69 22.0
Melosira 219 2.3 15.87 14.8
Navicula 765 7.9 22.35 20.8
Synedra 109 1.1 9.16 85
CHLOROPHYTA
Chlorella 437 45 8.21 7.6
Mougeotia 219 2.3 5.47 5.1
Oocustis 437 45 1.37 1.3
Scenedesmus 547 5.6 0.26 0.2
Ulothrix 3499 36.0 16.39 15.3
CYANOPHYTA
Oscillatoria 2187 225 0.57 0.5
CHRYSOPHYTA
Botrydiopsis 109 1.1 0.61 0.6
Tribonema 765 7.9 1.45 1.3
PYRROPHYTA
Peridinium 109 1.1 [ 205 1.9
TOTALS 9730 100.0 107.45 100.0
BACILLARIOPHYTA 1421 14.6 71.07 66.1
CHLOROPHYTA 5139 52.8 31.7 29.5
CYANOPHYTA 2187 22.5 0.57 0.5
CHRYSOPHYTA 874 9.0 2.06 1.9
PYRROFHYTA 109 1.1 2.05 1.9
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TABLE A-3

TRANSECT 1E PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994

. Relative . Relative
Taxon (02;; /Scltr#) Abu?;';lnce (:’n"ge'/g;]‘% W;Lg)ht
BACILLARIOPHYTA
Cyclotelia 179 1.0 1.38 1.7
Diatomella 179 1.0 6.92 8.4
Melosira 179 1.0 13 15.7
Naviculla 896 5.1 26.16 31.7
Surirella 358 2.0 2.87 3.5
CHLOROPHYTA
Chlorella 358 2.0 6.72 8.1
Oedogonium 717 41 1.73 21
CYANOPHYTA
Synechococcus 10570 60.2 6.2 7.5
CHRYSOPHYTA
Botrydiopsis 2687 15.3 14.94 18.1
Tribonema 1433 8.2 2.7 3.3
TOTALS 17556 100.0 82.63 100.0
BACILLARIOPHYTA 1791 10.2 50.33 60.9
CHLOROPHYTA 1075 6.1 8.45 10.2
CYANOPHYTA 10570 60.2 6.2 7.5
CHRYSOPHYTA 4120 23.5 17.65 214
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TABLE A-4

TRANSECT 2W PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
Taxon (cz‘lesn/sétr!\z) AbRt? %E%\ece (:anSi/gr:%) F\:\Z%l;?
BACILLARIOPHYTA
Melosira 730 24 53.01 26.2
Navicula 913 29 26.66 13.2
Surirella 183 0.6 1.46 0.7
CHLOROPHYTA
Bulbochaete 548 1.8 3.43 1.7
Chilorella 1096 3.5 20.56 10.2
Mougeotia 730 2.4 18.27 9.0
Ulothrix 9861 31.8 46.2 228
CYANOPHYTA
Synechococcus 913 2.9 0.54 0.3
CHRYSOPHYTA
Botydiopsis 548 1.8 3.05 1.5
Tribonema 15521 50.0 29.33 145
TOTALS 31043 100.0 202.51 100.0
BACILLARIOPHYTA 1826 5.9 81.13 4041
CHLOROPHYTA 12235 39.4 88.46 43.7
CYANOPHYTA 913 29 0.54 0.3
CHRYSOPHYTA 16069 51.8 32.38 16.0
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TABLE A-5

TRANSECT 2C PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
; Relative . Relative
Taxon (czlf: /scl:tr¥12) Abu?;?nce (‘r’n";'/gmhﬁ) W(eOBht
BACILLARIOPHYTA
Melosira 940 5.1 68.21 48.0
Navicula 783 43 22.87 16.1
CHLOROPHYTA
Chlorella 1566 85 29.39 20.7
Oedogonium 3290 18.0 7.93 5.6
CYANOPHYTA
Oscillatoria 1880 10.3 0.49 0.3
Synechococcus 4699 25.6 2.76 1.9
CHRYSOPHYTA
Botrydiopsis 157 0.9 0.87 0.6
Tribonema 5013 27.4 947 6.7
TOTALS 18328 100.0 141.99 100.0
BACILLARIOPHYTA 1723 94 91.08 64.1
CHLOROPHYTA 4856 26.5 37.32 26.3
CYANOPHYTA 6579 359 3.25 23
CHRYSOPHYTA 5170 28.2 10.34 7.3
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TABLE A-6

TRANSECT 2E PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994

Taxon S| s | M| g
(%) (%)
BACILLARIOPHYTA
Melosira 287 1.4 20.82 18.3
Navicula 430 21 12.57 11.0
Surirella 287 1.4 23 20
CHLOROPHYTA
Chlamydomonas 287 1.4 3.03 27
Chlorella 861 42 16.15 14.2
Desmococcus 2439 11.8 26.48 23.2
Oedogonium 2152 10.4 5.19 46
Scenedesmus 574 28 0.27 0.2
Ulothrix 1004 49 4.71 4.1
CYANOPHYTA
Synechococcus 5452 26.4 3.2 2.8
CHRYSOPHYTA
Botrydiopsis 1722 8.3 9.57 8.4
Tribonema 5165 25.0 9.76 8.6
TOTALS 20660 100.0 114.05 100.0
BACILLARIOPHYTA 1004 49 35.69 31.3
CHLOROPHYTA 7317 35.4 55.83 48.0
CYANOFPHYTA 5452 26.4 3.2 2.8
CHRYSOPHYTA 6887 33.3 19.33 16.9
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TABLE A-7

TRANSECT 3W PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
Taon ooty agundance | M| g
(%) (%)
BACILLARIOPHYTA
Cyclotella 434 1.9 3.35 1.7
Gomphonema 217 0.9 0.61 0.3
Navicula 1518 6.5 44.33 219
CHLOROPHYTA
Chlorelia 651 2.8 12.21 6.0
Mougeotia 1518 6.5 37.98 18.8
Oedogonium 4989 21.3 12.02 6.0
Ulothrix 1952 8.3 9.15 45
CYANOPHYTA
Oscillatoria 2169 9.3 0.56 0.3
Synechococcus 7374 31.5 432 2.1
CHRYSOPHYTA
Botrydiopsis 434 1.9 2.41 1.2
Ophiocytium 217 0.9 64.06 31.7
Tribonema 1518 6.5 2.87 1.4
PYRROPHYTA
Peridinium 434 1.9 8.14 4.0
TOTALS 23425 100.0 202.01 100.0
BACILLARIOPHYTA 2169 9.3 48.29 239
CHLOROPHYTA 9110 38.9 71.36 35.3
CYANOPHYTA 9543 40.7 4.88 24
CHRYSOPHYTA 2169 93 69.34 343
PYRROPHYTA 434 1.9 8.14 4.0
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TABLE A-8

TRANSECT 3C PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
. Relative . Relative
Taxon (Czlf: /S:rz"z) Abu?oz?nce (gg/gr:%) W:;og)ht
BACILLARIOPHYTA
Melosira 365 22 26.5 18.0
Navicula 1643 10.0 47.99 326
Surirella 365 2.2 2.93 20
Synedra 365 22 30.59 20.8
CHLOROPHYTA
Chlorella 365 2.2 6.85 47
Mougeotia 365 2.2 9.13 6.2
Oedogonium 913 5.6 2.2 1.5
Ulothrix 1461 8.9 6.84 4.7
CYANOPHYTA
Synechococcus 5661 344 3.32 2.3
CHRYSOPHYTA
Botrydiopsis 365 2.2 2.03 1.4
Tribonema 4565 27.8 8.63 5.9
TOTALS 16433 100.0 147.01 100.0
BACILLARIOPHYTA 2738 16.7 108.01 73.5
CHLOROPHYTA 3104 18.9 25.02 17.0
CYANOPHYTA 5661 34.4 3.32 23
CHRYSOPHYTA 4930 30.0 10.66 7.3
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TABLE A-9

TRANSECT 3E PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1894

Taxon (02‘?: /3;2:2) A:L?r!zt:;\ece (:’nvgi/?:% szg;?
(%) (%)

BACILLARIOPHYTA

Cyclotella 494 1.2 3.82 1.3

Cymbella 988 2.3 49.78 16.5

Melosira 988 23 7.7 23.8

Navicula 3952 9.3 115.4 38.3

Surirella 741 1.7 5.94 2.0
CHLOROPHYTA

Bulbochaete 741 1.7 463 15

Chlorella 247 0.6 4.63 1.5

Oedogonium 988 2.3 2.38 0.8

Ulothrix 321 7.6 15.04 5.0
CYANOPHYTA

Synechococcus 22476 52.9 13.18 4.4
CHRYSOPHYTA

Tribonema 7657 18.0 14.47 48
TOTALS 42483 100.0 300.97 100.0

BACILLARIOPHYTA 7163 16.9 246.64 81.9

CHLOROPHYTA 5187 12.2 26.68 89

CYANOPHYTA 22476 52.9 13.18 44

CHRYSOPHYTA 7657 18.0 14.47 48
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TABLE A-10

TRANSECT 4W PERIPHYTON SAMPLING RESULTS

SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

INDIAN HEAD, MARYLAND

JANUARY 1994

Taxon S| aundance | e g
(%) (%)

BACILLARIOPHYTA

Melosira 83 0.5 6.03 10.8

Navicula 83 0.5 2.43 44

Surirella 582 3.6 4.66 8.4
CHLOROPHYTA

Chlorelfa 249 1.5 4.68 8.4

Chlorogonium 83 0.5 0.71 1.3

Scenedesmus 1994 12.2 0.94 1.7

Ulothrix 1662 10.2 7.79 14.0
CYANOPHYTA

Oscillatoria 10554 64.8 2.75 49

Synechococcus 499 3.1 0.29 0.5
CHRYSOPHYTA

Ophiocytium 83 0.5 24.54 441

Tribonema 415 25 0.79 1.4
TOTALS 16287 100.0 55.61 100.0

BACILLARIOPHYTA 748 46 13.12 236

CHLOROPHYTA 3988 245 1412 25.4

CYANOPHYTA 11053 67.9 3.04 5.5

CHRYSOPHYTA 498 3.1 25.33 455
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TABLE A-11

TRANSECT 4C PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
. Relative . Relative
Taxon (CZI?: /Sézz) Abu?c;:z)ance (\r:‘vsl/g;:% W&g)ht
BACILLARIOPHYTA
Cyclotelta 1487 6.5 11.49 1.9
Melosira 2726 11.8 197.83 32.2
Navicula 6195 26.9 180.91 29.4
Pinnularia 248 1.1 79.81 13.0
Surirella 1487 6.5 11.92 1.9
Synedra 743 3.2 62.27 10.1
CHLOROPHYTA
Bulbochaete 1239 5.4 7.75 1.3
Chilorella 1983 8.6 37.2 6.1
Cosmarium 248 1.1 11.19 1.8
Scenedesmus 1735 7.5 0.81 0.1
Ulothrix 1239 54 5.81 0.9
CYANOPHYTA
Synechococcus T 2726 T 11.8 1.6 0.3
CHRYSOPHYTA
Tribonema 743 3.2 1.4 0.2
PYRROPHYTA
Peridinium 248 | 11| 4.65 0.8
TOTALS 23047 100 614.64 100
BACILLARIOPHYTA 12886 55.9 544.23 88.5
CHLOROPHYTA 6444 28.0 62.76 10.2
CYANOPHYTA 2726 11.8 16 03
CHRYSOPHYTA 743 3.2 1.4 0.2
PYRROPHYTA 248 1.1 4.65 0.8
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TABLE A-12

TRANSECT 4E PERIPHYTON SAMPLING RESULTS
SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER
INDIAN HEAD, MARYLAND

JANUARY 1994
. Relative Weight Relgtive
Taxon (CZ?;/S(I;I%Z) Abu?oz?nce (mg /gmz) Wg;og;ht
BACILLARIOPHYTA
Gomphonema 265 1.0 0.74 0.4
Melosira 530 2.0 38.48 21.3
Navicula 1856 74 54.19 30.0
CHLOROPHYTA
Chlorella 265 1.0 4.97 28
Oedogonium 3181 12.1 7.67 4.2
Ulothrix 14580 55.6 68.31 37.8
CYANOPHYTA
Oscillatoria 5302 20.2 1.38 0.8
PYRROPHYTA
Peridinium 265 1.0 4.97 2.8
TOTALS 26244 100.0 180.71 100.0
BACILLARIOPHYTA 2651 10.1 93.41 51.7
CHLOROPHYTA 18026 68.7 80.95 44.8
CYANOPHYTA 5302 20.2 1.38 0.8
PYRROPHYTA 265 1.0 4.97 2.8
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TABLE A-13

CONTROL SITE 1 (TRANSECT BEAVER POND W) PERIPHYTON SAMPLING RESULTS

SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

INDIAN HEAD, MARYLAND

JANUARY 1994

Taxon S e | YOO | g
(%) (%)

BACILLARIOPHYTA

Cocconeis 717 13.3 14.77 17.4

Melosira 358 6.7 26 30.6

Navicula 717 13.3 20.93 246
CHLOROPHYTA

Chlorella 358 6.7 6.72 7.9
CHRYSOPHYTA

Botrydiopsis 2866 53.3 15.94 18.7

Tribonema 358 6.7 0.68 0.8
TOTALS 5374 100.0 85.04 100.0

BACILLARIOPHYTA 1792 33.3 61.7 726

CHLOROPHYTA 358 6.7 6.72 7.9

CHRYSOPHYTA 3224 60.0 16.62 19.5
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TABLE A-14

CONTROL SITE 1 (TRANSECT BEAVER POND C) PERIPHYTON SAMPLING RESULTS

SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

INDIAN HEAD, MARYLAND

JANUARY 1994

o R R e I
(%) (%)

BACILLARIOPHYTA

Cyclotella 978 7.8 7.56 34

Melosira 1565 125 113.59 51.0

Navicula 1565 125 45.7 205

Surirella 1370 10.9 10.98 49

Synedra 196 1.6 16.39 7.4
CYANOPHYTA

Oscillatoria 587 4.7 0.15 0.1

Synechococcus 978 7.8 0.57 0.3
CHRYSOPHYTA

Botrydiopsis 4891 39.1 27.19 12.2

Tribonema 391 341 0.74 0.3
TOTALS 12521 100.0 222.87 100.0

BACILLARIOPHYTA 5674 45.3 194.22 87.1

CYANOPHYTA 1565 12.5 0.72 0.3

CHRYSOPHYTA 5282 42.2 2793 12.5
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TABLE A-15

CONTROL SITE 1 (TRANSECT BEAVER POND E) PERIPHYTON SAMPLING RESULTS

SITE 8 - NITROGLYCERIN PLANT OFFICE
INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER

INDIAN HEAD, MARYLAND

JANUARY 13994

. Relative . Relative
Taxon ( C‘Zl?;/séxz) Abu?ozince (:’nvg'/gn:‘% Wg)}ght
BACILLARIOPHYTA
Cyclotella 190 26 1.47 22
Diatomella 190 2.6 7.36 1.0
Navicula 761 10.3 22.23 33.1
CHLOROPHYTA
Chlorella 190 2.6 3.57 5.3
CHRYSOPHYTA
Botrydipsis 5711 76.9 31.75 47.3
Tribonema 381 5.1 0.72 11
TOTALS 7423 100.0 67.1 100.0
BACILLARIOPHYTA 1141 15.4 31.06 46.3
CHLOROPHYTA 190 26 3.57 53
CHRYSOPHYTA 6092 82.1 3247 48.4
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