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]..0 INTRODUCTION

Four Mi le creek is one of several streams at the

Savannah Rive[' _ite which has received thermal effluents (d

70 °C water) from nuclear production operations. From 1955 -

mid-1985, Four Mile Creek received__Z_uent from C-

Reactor as ',,,'ellas l_-therma_f-disc-h-ar-g-es from F and I{

Separation Areas. Total discharges from all of these

facilities _as about ten times h_n the natural flow

of the creek (Firth et al. 1986). ._Y_ater being discharged

into Four Mile Creek was originally pumped from the Savannah 5

River.

From June 1984 to June 1985, Normandeau Associates, Inc.

(NAI; formerly Environmental and Chemical Sciences, Inc.)

|
sampled Four Mile Creek macroinvertebrate communities as part

of a larger study of Savannah River Site streams (see

Kondratieff and Kondratieff 1985, and Firth et al. 1986).

After shutdown of C-Reactor in June 1985, NAI continued

macroinvertebrate sampling at a single location in Four Mile

Creek in order to document the recovery of the

macroinvertebrate community following cessation of thermal

I perturbation.
This study reports the results of the artificial

substrate sampling of macroimvertebrate communities of Four

Mile Creek "=tom June 1985 through September 1987, when

_! i-i r1, lr i, , ' II II
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:;ampling was terminated. Macroinvertebrate taxa ;;ichness,

densities, and biomass data from this study are compared to

Four Mile data collected prior to the shutdown of C-Reactor

(Kondratieff and Y ondratieff 1985 and Firth et al. 1986), and

to comparable macroinvertebrate data from other Savannah

River Site streams.

Four Mile Creek is a small s_ream, about 24 km in

length. About 25% of Four Mile Creek flows into Beaver Dam

Creek, and about 25% of the creek flows through the Savannah

River swamp. The remainirlg stream flow enters the Savannah

River through a break in the natural river levee (except

during high river flows, when the stream flows through the

swamp system, and eventually mlxes with Steel Ureek and Pen

Branch; Kond_atieff and Kondratieff 1985).

For the duration of the study reported here, one study

site was sampled, located where the SRS Road A-13.2 bridge

crosses the stream (Figuce i-i). This corresponds to the

Station 2 site of Kondratieff and Kondratieff (1985), and is

probably comparable to Stations 13 and 14 of Firth et al.

(1986). Either of these reports can be referred to for a

detailed description of the stream.
'i
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2.0 METHODS AI4D MATERIALS

2.1 FIELD SAMPLI_IG

Macroinvertebrates were sampled with Hester-Dendy

multiplate samplers (Hester and Dendy 1962; Fullner 1971) .

Each sampler consisted of 14 plates of 7.6-cm 2 tempered

hardboard (Duron R, U.S. Gypsum 6) sections 0.3-cre thick,

separated by 0.3-cm spacers (Figure 2-1) . Total exposed

surface area of each multip!ate sampler was 0.179 m2.

Fifty multiplate samplers were deployed in Four Mile

Creek in the area above and below the bridge at SRS Road

13.2, on June 24, 1985. Sampler's were then retrieved over

the period June 25- August 29, as indicated in Table 2-1.

On September !i, five replicate samplers were deployed in the

studyarea and were retrieved after approximately four weeks;

monthly deployment and retrieval were continued for the

remainder of the study (with the exception of November and

December 1985, when no sampling was conducted). Upon

retrieval, samplers were quickly placed in a plastic bag,

stored on ice, and returned to the laboratory for processing.

Current velocity was measured at each station with a Marsh -

McBirney Model 201 electronic flowmeter or General Oceanics

remote reading digital flowmeter (Model 2031) ; dissolved-
.,

oxygen concentration (DO), temperature, pH; and conductivity
si,,

were measured with a Hydrolab water quality analy_er (Model

No. 8002, 8006, or Surveyor 2) or YSI dissolved oxygen meter

2-1
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F'_uure :'-1. Diagram of a llester-bendy muitiplate sampler,
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b)_e 2-I. :_ampling dates, uample sizes, _ind incubation times [or ;_rti:i-

ciaJ subs Erate samplers placed in Four Mile Creek. ,lune 1985

- September 1987.

ampl ing Incubation ilo. of

Date Time Samples

/25/85 1 day 5

/27/85 3 days 5

/29/85 5 days 5

/05/85 ii days 5

/10/85 16 days 4

/15/85 21 days 6

,/25/85 31 days 5

/05/85 42 days, 1

/06/85 43 days 1

/17/85 54 days 4

/29/85 66 days 5

' /,10/85 4 wks 5

/07/86 4 wks 4

/07/86 4 wks / (includes 2 samplers from 6/85)

/06/86 4 wks 5

/04/86 4 wks 5

/06/86 4 wks 5

/10/86 4 wks 5

/03/86 -3 wks 5

/07/86 4 wks 5

/11/86 4 wks 5

/03/86 -3 wks 5

/07/86 4 wks 5

/05/86 4 wks 5

/09/87 4 wks 5

/06/87 4 wks 5

/06/87 4 wks 5

/06/87 4 wks 5

/08/87 4 wks 5

/05/87 4 wks 5

'06/87 4 wks 5

/07/87 4 wks 5

/11/87 4 wk_ 5



(Model 58), :rion Research pH meter (Model _.._31), and ,Visher

conductivity meter.

2.2 LABORATORY PROCEDURES

In the laboratory, each multiplate sampler was carefully

disassembled. The plates of the sampler were gently scrubbed

'with a soft brush to disiodge attached debris and macroin-

vertebrates, which were collected on a O.106-mm mesh sieve

(US Standard No. 140). The US No. 140 sieve was used instead

of a standard No. 30 sieve (600 _) in order to collect early

instars of insects, which often pass through the coarser No.

30 sieve. All macroinvertebrates were preserved in 10%

buffered formalin solution which contained biological stains.

Macroinvertebrates in each sample were sorted from debris

using dissecting microscopes, then placed in labeled vials

containing 70% alcohol. All organisms were identified to the

iow_st practical taxonomic level (usually genus) and counted.

Principal taxonomic references used in the identification of

specimens included Brigham et al. (1982) , Brinkhurst (1986) ,

Britton and Fuller (1979) , Brown (1972) , Edmunds et al.

(1976) , Hobbs (1972) , Holsinger (1972) , Johannsen (1934 -

1937) , Merritt and Cummins (1984), Michael and Matta (1977),

_/eedham and Westfall (1954) , Pennak (1978) , Pinder and Reiss

(1983) , Ross _1944) , Csinger (1956) , Wiggins (i977), and Wood

(1982).
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After being counted and identified, ali macroinverte-

brates in a sample were _eparated into functional feeding

CFrDUpS according _o the trophic classification of Merritt and

C/xmmins (1984; *Fable 2-2). Since they do not actively feed,

p_zpae were excluded from functional group assignment and

biDmass determinations. Ash-free dry mass (AFDM) was

determined for each functional group (but not pupae). The

mmmroinvertebrates were dried in pre-weighed vessels at 105

°C for 24 h,' cooled, weighed to the nearest _g (pan) or

0..0001 g (crucible) on an analytical balance to obtain dry

ma_s, then were comb_qted in a muffle furnace at 500 °C for 1

h. cooled in a desiccator, and weighed to obtain ash mass.

AF/gM was determined by subtracting ash mass from dry mass

(_/mmins 1962) .

2.3 STATISTICAL ANALYSES

2..3.1 Averaqes by Sample Period

Density of organisms was calculated per m 2 of substrate

available for colonization, by using a conversion factor.

Mamroinvertebrate biomass from multiplate samplers was con-

verted to g AFDM/m 2.

Sample period mean densities were estimated by averaging

the replicate samples as follows:

s

Xik = EXik I / ni

i=i

i 2-5
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Table =_-_,..Mmcr_inve_rate t:t_nctionalgroups _ tJ_eir n_des oi

feeding (M_mritt ,-undc_ 1984).

_ior_]l _rrm_p F_dir_ Mode

Scrapers Shear off attached aufwu_]s film

(periphyton, fllngi, bahia, protozoa,
etc. ) from under-watar _tas.

Collector-qa_ '"Vacuum" c_dimented organic deposits from
the substrate.

Oollector-filterers Filter suspended particulate organic matter.
from the water column.

Shredders Skeletonize whole leave_ and leaf fragments
or mine or bore into w_md.

Pi_ivores Pierc_ plant _ or cells and suck
fluids.

Piercez'-carnivores Attack animal prey and pierce tissues and
oells and suck fluids.

Engulf_tors _ a_ ingestanimals.

2-6



where: i = sample collection period

k = grouping (taxonomic or functional)

i = replicate, up to s replicates

n i = number of replicate samples in the ith sample

collection period

Xik I = density or biomass of a taxonomic

or functional group in a sample

Xik = average density or biomass by sample collection

period of a taxonomic or functional group.

2.3.2 Relative Abundance

Relative abundance (percent composition) for a taxonomic

or functional group was computed from the collection period

averages. It was calculated as the percentage of the total

macroinvertebrates represented by a taxonomic or functional

group.

2.3.3 Roundinq of Data

The rounding of data was always the last step in the

generation of report tables. Because data were represente d

as floating point numbers in the generation of densities or

biomass values, calculations were performed at the precision

j used by the computer (IBM Model 80) and the statistical

software package (SAS-PC). Density and percentage data were

rounded to one decimal place (0.i), and biomass values were

j rounded to the fourth decimal place (0.0001 g) as the last
step in the =alculations. Missing data values were not

2-7



included in calculations. The number of data values reflects

the _ number of samples collected and processed, except for two

biomass samples. No biomass processing was done for or.e
i

replicate taken on 27 June 1985 because only one chironomid

was collected and it was mounted for identification. One

replicate sample taken on 7 August 1986 was 10st between

identificationand biomass determination.

2.3.4 Taxa Richness

Taxa richness values were obtained by counting the total

number of taxa identified in a sample, less the number of

higher taxonomic groups that had a lower taxon identified

within the group. For example, if a specimen could only be

identified to the family Chironomidae, and in the same sample

another specimenwas identified to the tribe Tanytarsini,

then only the latter would contribute to the taxa richness

for the sample. Mean taxa richness was calculated as the

average number of taxa/sampler.

2-8



3.0 RESULTS AND DISCUSSION

In the first three months of sampling for this study

(June - August 1985), the incubati0n time for artificial

substrates varied from i to 66 days (Table 2-1). Because the

period of incubation is a confounding variable, this set of

data will De considered separately from the monthly data

'

collected in October 1985 - September 1987, when the sampler

incubation period was about four weeks. Therefore, each set

of data is graphed separately. It should also De noted that

the data reported here are not directly comparable to other

macroinvertebrate studies conducted on Savannah River Site

streams because of the very small mesh size used in this

study (106 _ mesh size, compared to600 _ used in ali other

macroinvertebrate studies). This difference is probably most

significant in macroinvertebrate density comparisons, since

small instars of insects were often very abundant in Four

Mile Creek samples, resulting in high total densities of

organisms.

3.1 TAXA RICHNESS

Mean taxa richness (number of taxa/sampler)was very low

in the first few collections in June 1985 (mean taxa richness

ranged from 2.6 - 4.4 taxa; Figure 3-1, Appendix Table i)

This may have been due to the thermal perturbation Of Four

Mile Creek during periods when C-Reactor was on line. Kon-

' 3-1
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dratieff and Kondratieff (1985) reported a mean taxa richness

of fo_r taxa, site at the A-13.2 bridge crossing during the

period January - August ].984, when C-Reactor was on line.

However, the '.-elatively short Colonization periods (one to

five days) ',.,'ould probably have been an important factor

contributing to low taxa richness (e.g., Rosenberg and Resh

198.2).

By August 5, 1985, taxa richness values began to level

off (mean of 20.0 taxa/sampler on that date), with only

moderate variations in richness values through October 1985

(Figure 3-1). In 1986, taxa richness exhibited considerable

variability, 'while in 1987, taxa richness was generally

higher and less variable than in 1986. The highest taxa

richness in 1986 and 1987 was found in summer (the highest

mean taxa richness over the study period was 26.6 taxa, found

in July 1987; Figure 3-1; Appendix Table I) . A total of 79

taxa was col !ected in Four Mile Creek over the entire

sampling period (June 1985 - September 1987; Table 3-1). By

comparison, a total of 16 taxa was found from January -

August 1984, when Four Mile Creek was receiving thermal

effluents (Kondratieff and Kondratieff 1985).

Mean taxa richness in non-thermal SRS stream sites (also

reported in Kondratieff and Kondratieff 1985) ranged from

19.7 - 25.9 taxa/site in 1984, with the total number of mac-

3-3



Table 3-1. _acroinvertebrate taxa found on artificial substrates

_n flour Mile Creek. June 1985 - September 1987.

Taxon Presence

Class Turmellaria i_ X

Phylum Nematoda X

Class Polychaeta

Manayunkia speciosa X

Class Oligochaeta X

Class Hirudinea X

Class Gastropoda a X

Family Ancylidae X

Family Physidae

Physella heterostroDha X

Family Planorbidae a X

Gyraulus parvus X
Helisoma anceDs X

Helisoma trivolvis X

Menetus dilatatus X

Class Pelecypoda a, X

Family Corbiculidae
Corbicula fluminea X

Order Hydracarina X

Order Amphipoda a X
Family Talitridae

Hyalella azteca X

Order Ephemeroptera a X

Family Baetidae a X

B__aetis X
Cal l ibaet is X

Pseudocloeon parvulum X

Family Caenidae
Caenis X

Family Ephemerellidae a X

EDhemerel la X

Eurylcchel la temporalis . X
Serra_ella X

aHigher order categories not included in count if lower order
taxa were ilentified.
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_abl'e 3-1 (continued). Macroinvertebrate taxa found on artificial

substrat;es i.n [,_our Mile Creek. June 1985 - Sep'tember
19 87 .

Taxon Presence

I

I

Family Heptageniidae a X
I Heptaqenia X

Stenacron interpunctatum X
Stenonema modestum X

Family oligoneuriidae

Is____c_ych ia X

Family Tricorythidae

Leptohyphes a X

Leptohyphes dolani X
Tricorvthodes X

Order Odonata a X

Suborder Anisoptera a X

Family Aeshnidae a X

Boyeria a X

Boyeria v inosa X

Family Corduliidae
Neuroco rdu i ia a X

Neurocordulia molesta X

Family Gomphidae a X

_s brevistvlu s X

Family Macromiidae
DidV!n_oDs transversa X

Macromia X

Suborder Zygoptera a X

Family Calopterygidae a X

CaloD_teryx X
Hetaerina X

Family Coenagrionidae a X

Arqia X

Ena il_agma X

order Plecoptera a X

Family Perlidae a X

paraqnetina fumosa X
Paraqnetina kansensis X
Perlesta X

order Hemiptera

Family corixidae X

aHigher order categories not included in count if lower order
taxa were identified.

ii
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Table 3-1 (continued). Macroinvertebrate taxa found on
artiYicial substrates in Four Mile Creek. June

1985 - September 1987.

Taxon Presence

Order Coleoptera

Family Chrysomelidae

Pyrrhalta nymphaeae X

Family Dytiscidae

Coptotomus X

Family Elmidae a , X

Ancyronyx varieqatu s X
Dubiraphia X

Macronychus qlabratus X

Micro cylloepus pusillus X
S tenelmis X

Family Gyrinidae
Din___eutus X

Family Hydrophilidae X
Family Ptilodactylidae X

Order Meg alnDtera

Family Corydalidae a X

Corydalus cornutus X

Order Trichoptera a X

Family Hydropsychidae a X
Cheumatopsyche X

., Hd__3_che X
Macrostemum carolina X

Family Hydroptilidae a X

Hydr_t iia X

Ox__eth ira X

Family Leptoceridae a X
Ceraclea X

Nec to_oDsy_che a X

NeCtODsyche candida X
Oecetis X

Triaenodes a X

Triaenodes tardus X

Family Philopotamidae
Chimarra X

Family Polycentropodidae a X
Cernotina X

Neurec iips is X

aHigher order categories not included in count if lower order
taxa were identified.
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'Fable 3 1 (ccntinued) . Milcroinvertebrate taxa found on artificial

substrates in F,)ur Mile Creek. June 1985 - September
198 - .

Taxon Presence

Order Lepidoptera

Family Pyralidae a X

Nearqyractis X

Parapovn._: X

Synclita X

Order Diptera a X

Family Tipu!idae a X
Antocha X

Tipula X

Family Chaoboridae

Chaoborus punctiDennis X

Family simuliidae
Simulium X

Family Ceratopogonidae a X

Subfamily ceratopogoniinae X
subfamily Forcipomyiinae X

Family Chironomidae a X
Subfamily Tanypodinae X

Subfamily Diamesiinae a X
Potthastia X

Subfamily orthocladiinae X

Subfamily Chironominae
Tribe Chironomini a X

Stenocnironomus X

Tribe ?anytarsini X

Family Empididae a X
Chelifera X

Heme rodromia X

TOTAL NUMBER OF TAXA 79

aHigher order categories not included in count if lower order
taxa were identified.

ii 3-7



[-oinvertebra[e taxa ['anging from 44 - 63. The level o_

4!
taxonomy, the length of the study period, and the way mean ,_

t
taxa richness ,;as calculated were different between _

Kondratieff and ;4ondratieff (1985) and this study. However,

in 1984 the mean taxa richness in thermal FOUr Mile (4 taxa)

differed from the mean taxa richness in the nonthermal

streams (19.7 - 25.9 taxa) by a factor of 5 to 6. _his is

the same magnitude of increase from the June 1985 data (2.6 -

4.4 taxa) to the August 1985 data (ca. 20 taxa) Therefore,

within two l?,onths after C-Reactor shutdown, macroinverte-

brate taxa richness in Four Mile Creek was probably

comparable to the taxa richness of non-thermal streams.
z

3.2 DENSITY

Mean total densities of macroinvertebrates were very low

over the first three sampling periods in June 1985 (ranging

from 25.7 - 450.3 organisms/m2; Figure 3-2; Appendix Table

i). In Jul_/ !985, however, total densities increased

sharply; the highest mean total density over the entire study

period, 23,631.3 organisms/m 2, was found on July i0. Large

numbers of Orthocladiinae and other early instar chironomid

larvae were the ;najor component of the July 1985 densities

where they comprised up to 98.8% of the macroinvertebrates

collected (Appendix Table 2). Chironomids are often among
,. _ .,

the first colonizers of aquatic habitats that have been

severely stressed (e.g., Beck 1977). These data indicate

3-8
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that recolonizan' on of Four Mile Creek following reactor

shutdown was _a i__ly rapid for certain groups of aquatic

insects; sources for recolonization would include drift of

organisms from upstream and unimpacted reaches of Four _.lile

Creek, as well as ambient Savannah River water, and instream

reproduction by _mmigrant winged insects (Kondratieff and

Kondratieff 1985) .

Mean total densities of macroinvertebrates declined in

August 1985 compared to July densities, bLlt were still

relatively high .ranging from 5,453.6 - 10,157.8 organisms/

2
m ; Figure 3-2; Appendix Table 1). In 1986, a density peak

was observed in January (23,097.8 organisms/m 2, composed pri-

marily of Chironomini and early instar chironomids; Appendix

Tables 1 and 2) , while in 1987, the highest mean total

density (19,965.4 organisI,_s/m 2) was found in May (Figure 3-2;

Appendix Table i) . The range of total mean macroinvertebrate

densities in Four Mile Creek was similar in all three years

of study (Figure 3-2) .

Total densities of macroinvertebrates reported from

other Savannah River Site streams (e.g., Firth et al. 198_)

are not comparable to those found in this study because of

the differences in mesh size used to sieve samples. Studies

from other southeastern U.S. streams which are more

methodologically comparable, however, indicate that the mean

total densities Yeported here for Four Mile Creek can be

3-i0
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considered fairl'..' typical. Benke et al. (1984) , using a

!00 _ sieve cize, found a mean total density of 43,767

organisms/m _ In _ third-order section of the Satilla River,

Georgia and Smock et al. (1985), using a 150 _ sieve size,

2
reported mean notal densities of 7,836 to 8,616 organisms/m

in Cedar Creek, South Carolina.

Chironomid larvae were the most abundant group of

macroinvertebrates found in Four Mile Creek during most of

the sample dates comprising 21.1 to 98.8 9., .o of the organisms

collected (Appendix 'Fable 2). Exceptions to this trend were

seen in June, July, September, and October 1986, when

mayflies (Ephemeroptera) were dominant, accounting for 39.9

to 55.2% of the total densities (Appendix Table 2). The most

abundant mayfly taxon during these months was Stenonema

modestum (Appendix Table 5). Other exceptions occurred on 6

August 1985 and in November 1986, when caddisfl ies

(Trichoptera) made up 43.6 and 38.1% of the total,

respectively !Appendix Table 2). The most abundant caddisfly

taxon during these two dates was Chimarra sp. (Appendix Table

5). Very small, early instar chironomids were categorized as

unidentified Chironomidae, and were sometimes very abundant

in Four Mile Creek samples (Appendix Table 2).

Orthocladiinae and Tanytarsini were the most abundant
..

groups of identifiable chironomids in 1985; the highest mean

density of Orthocladiinae, i0,731.8/m "_, was found on July i0
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(Figure 3-3, Appendix Table 2) . Density peaks were also

found in February 1986 (3873.90rthocladiinae/m 2) , April 1987

(7,509.50rthccladiinae/m 2) , and May 1987 (7,'787.70rthocla-

diinae/m 2; Ficure 3-3 ; Appendix Table 2) . The highest mean

density of Tanytarsini, 5,798.9/m 2, was found on July 25,

199_, two sampling periods and 15 days after the highest mean

density of Crthocladiinae was seen (Figure 3-4 ; Appendix

Table 2) . Seasonal abundances of Tanytarsini and

Orthocladiinae were similar; the general trend was highert

I densities in _'inter and spring with low densities in summer

and fall. ?eak densities for Tanytarsini during monthly

sampling were found in December 1986 (2,882.7/m 2) and May

1987 (4,124.0/m 2; Figure 3-4; Appendix Table 2) .

Tanypodinae, as with Tanytarsini, showed a peak in

abundance on July 25, 1985 (mean density was 1,945.3

Tanypodinae/mZ) ; in 1986, Tanypodinae density was highest in

January (I,033.5/m2), whereas 1987 densities were relatively

low (Figure 3-5; Appendix Table 2).

Chironomini reached a 1985 peak density of 2,022.3/m 2 on

i0 July, but higher abundances were seen during monthly

sampling in _986 and 1987 (Figure 3-6; Appendix Table 2).

The highest -can density occurred in January 1986 (6,064.2

chironomini/m21 with another peak in August 1986 (3,453.6

chironomini/m2: Z_igure 3-6; Appendix Table 2).
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Densities of caddisflies (Trichoptera) increased sharply

in August 1985, compared to the relatively ]0w densities of

earlier sampling dates (the highest mean density in 1985,

3,268.2/m 2, was found on August 6; Figure 3-7; Appendix Table

2). The highest caddisfly density over the study period was

found in July 1987 (4,501.7/m2; Figure 3-7; Appendix Table

2) . The most abundant caddisfly taxon in August 1985 was

Chimarra sp., and in July 1987 it was Nectopsyche sp. (Ap-

pendix Table 5) .

Mayfly (Ephemeroptera) densities were also relatively

low initially (0 - 2.2 organisms/m 2 in June 1985, 3.4 - 375.4

organisms/m 2 in July 1985), although they increased notice-

ably in August 1985 (to a hlgn ot 1,216.5 organisms/m 2 on

August 17; Figure 3-8; Appendix Table 2). Baetis sp. was the

most abundant mayfly taxon in August 1985 (AppendJ.x Table 5).
l

In 1986, mayfly densities peaked in January and in late

summer (August -September), while in 1987, peaks occurred in

May and July (Figure 3-8). The highest mean mayfly density

during the study was 2,520.7/m 2, in August 1986 (Appendix

Table 2), when Stenonema modestum was the most abundant taxon

(Appendix Table 5) .

3.3 FUNCTIONAL GROUP COMPOSITION

The classification of benthic ma_roinvertebrates into

functional groups based on their feeding strategies is a way

to indirectly assess aquatic community function (Vannote et

3-17 '
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al. 1980, :.lerritt and Cummins 1984) . In Four Mile Creek,

collector-gazherers were generally the numerically dominant

functional group (27.9 to 83.8%; Appendix 'Fable 3) ; the

exceptions were 5 and 6 August 1985, and December 1986, when

collector-filterers were dominant (40.8 to 51.2%; Appendix

Table 3). Collector-gatherers also dominated in Four Mile

i creek when thermal effluents were being discharged (98% of!

total macroinvertebrates; Kondratieff and Kondratieff 1985).

Other (but not all) SRS streams, both thermal and non-

thermal, also show dominance by the collector-gatherer

functional group (Kondratieff and Kondratieff 1985, Firth et

al. 1986), although the relative abundance varies considera-

bly among years. For exa_.pi=, relative abundance in Meyer's

Branch, a non'thermal "reference" stream at the SRS, ranged

from 44.0 to 66.7% collector-gatherers, and 23.6 to 43.9%

collector-filterers over 1985 - 1988 (Lauritsen 1989). In

Four Mile Creek, the relative abundance of collector-gather-

ers ranged from 27.91 to 83.80%, and collector-filterers

ranged from _.27 to 51.17% (Appendix Table 3) . upper Three

Runs Creek, another non-thermal SRS stream, has high

percentages of shredders and scrapers, typical of the

macroinvertebrate fauna of streams that receive large amounts

of leaf litter input (it is unusual among SRS streams,

however, in that it has a high annual sustained flow and

relatively cool annual water temperatures; Morse et al.

1983). In Four Mile Creek the relative abundance of scrapers
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and shredders' ',,,'as often less than I%; peak r'elative

abundances were ,',0.77% and 34.37% [or scrapers and shredders,

_espectively (Appendix Table 3) .

].4 BIOMASS

Mean biomass levels were very low in the first few

sampling intervals, ranging from 0.0003 to 0.0018 g AFDM/m2

in June 1985 (Appendix Table 4). Biomasses increased fairly

steadily during 1985, to a high of 1.0115 g AFDM/m2 in

october (Figure 3-9; Appendix Table 4). In 1986 the mean

biomass levels ranged from 0.0501 g AFDM/m2 in March to

2.5576 g AFDM/m2 in September, while the 1987 range was

0.2829 (February) to 1.8276 (April) g AFDM/m2 (Appendix Table

4). Because the biomass data were highly varlaD±e, only the

June 1985 samples (one to five days of incubation) appeared

to have unusually low levels.

Biomass determinations were made at the level of

functional group. Considering overall means, biomasses were

highest for predators, followed by collector-gatherers and

collector-filterers (Table 3-2). Considering median values,

the collector-gatherers were highest, followed by collector-

filterers and predators. The median rankings were more simi-

lar to the relative importance of functional groups by

density (described in Section 3-2), and indicates that the
J

biomass means were influenced by very high values for some

samples. The increased importance of predator biomass
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relative to predator density indicates that they were both

scarce and _arge, which is typical of predators in _ny

system.

In a year-long SRS study, Firth et al. (1986) found

average biomasses at thermally impacted stations (excluding

the mildly thermal Beaver Dam creek) ranged from 0.003 to

0.191 g AFDM/m2, while non-thermal stations ranged from 0.073

to 0.715 g AFDM/m2. Excepting the June 1985 data, the Four
..

Mile Creek biomasses in the current study compare well to

these levels. In the previous study, mean biomass in

functional groups tended to be ranked: predators > collec-

tor-gatherers > collector-filterers in non-thermal streams,

just as in this study. At thermal s_a_ions, however, the

tendency was for collector-gatherers to have a higher mean

biomass than predators (Firth et al. 1986).



4.0 SUMMARY

In earl'," samplinq of Four Mile Creek after C-Reactor was

shut down, macroinvertebrate taxa richness was very low (and

comparable to earlier data from Four Mile Creek, during

periods of thermal stress). Within a month, however, mean

taxa richness had increased almost eight-fold, indicating

that a diversity of organisms was recolonizing the stream

fairly rapidly. Mean macroinvertebrate biomass levels also

appeared to recover within about a month, and the

distribution of biomass in functional groups was similar to

most non-thermal streams on the SRS.

A compaLison of total densities of organisms founa over

time also demonstrates the rapidity with which Four Mile

Creek was recolonized. The highest mean density of organisms

found over the entire study period occurred sixteen days

after reactor shutdown. Although chironomid larvae comprised

the bulk of this early density peak, groups such as

caddisflies and mayflies increased markedly in abundance

within about six weeks after shutdown. The timing of

shutdown may also be an important factor contributing to the

rapidity of nacroinvertebrate recolonization; since summer is

the period of peak reproductive activity, recolonization

would probabl_" be most rapid during this period.
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Apperdix Table 4.

DescrlFti\'e statistics for macroinv_rate bicm_ass (as,AFI_l, in
g/m-._ on artificial substrates in Four Mile CreeS:. Data were

calcn_iated _or eat',,date, and include all replicate sanples that

were successfnllly analyzed. June 1985 - September 1987.

Date [,le_, Med N SD CV MJJ_ [,km,:
L

250UN85 _).00_ 0.0004 5 0.0027 152.4 0.0003 0.0065

27JUN85 o. 0003 0. 0002 4 0. 0001 49.1 0. 0002 0. 0006

29JUN85 0. 0015 O. 0008 5 0.0020 13i. 2 0. 0003 0. 0051

05JUIB5 0.0426 0.0438 5 0.0126 29.6 0.0240 0.0583

10JUIB5 _ .3133 0.3278 4 0.0456 14.6 0.2469 0. 3504

1531/IB 5 0. 1696 0.1951 6 0.0850 50,2 0.0129 0.2611

25JUIB5 _).3107 0. 2227 5 0.1511 48.6 0. 1788 0. 5291

05AUC_ 5 il.5707 0. 5707 1 . . 0. 5707 0. 5707

06AU685 0.4567 0.4567 1 . . 0.4567 0.4567

17AUG85 'q. 4417 0.4651 4 0.1037 23,5 0.3104 _, _?_

29A[Xg85 0.9342 0.8476 5 0.4660 49.9 0.40.13 1.6742

10OCI_ 5 i.0115 0. 4999 5 1.1179 II0.5 0. 1784 2.8868

07JAN86 i i"701 0.7886 4 1.1479 98.1 0.2540 2.8492

O7FEBS6 _ 5S81 0.1495 7 0.6499 110.5 0.0654 1.5456

06MAR86 <_ 0501 0,0303 5 0.0482 96.1 0.0040 0.1234

04APF_ 6 _ 4063 0.4160 5 0.1639 40.3 0.1626 0.6247

06MAY86 0 3477 0.3711 5 0.2763 79.5 0.0704 0.6957

10JUN86 0 3580 0.2333 5 0.2683 74.9 0.1727 0.8105

03JUL86 _ 84 59 0.4905 5 0.8280 07.9 0.3269 2. 2969

07AUC_6 _ _,I08 2.139] 4 0.7856 .5 0.8255 _._6596

IISEP86 2.5576 2.6109 5 0.7461 29.2 1.7398 3.6823

03OCI_6 !.b<]83 0.5473 5 0.1771 29.(3 0.4174 0.8771

07NOV86 ].5236 0.7579 5 1.6433 107.9 (3.6966 4,4583



Appendix Table 4 (oontinued).
i

Descriptive statistics _or macroinvertebrate biomass ''(,,._s AF_.I, in
_lmZ) on artificial substrates in Four Mile tree,<: Data were

caleb'fated for each date, and include all replicate samples that

',,'eresuccessl/Llly analyzed. June 1985 - September i987.

Date [,l_l b_i N SD CV Min _x

05DEC86 _).L_339 0.2306 5 0.9466 107.1 0.1890 2.1360

09JAN87 0.6419 0.6374 5 0.4338 67.6 0.1810 1.3375

06FEB87 ()"_q 0 2678 5 0.1199 42.4 0 16].9 0.481_'

06MAR87 0.4419 0.2370 5 0.4215 95.4 0.0730 1.0868

06API_ 7 i _"•o27G I.3498 5 1.2712 69.6 0.6802 3.2901

llMAY87 0.5058 0.5531 5 0.1652 32.7 0.2267 0.6665

05JUN87 [.6563 2.1037 5 0.8719 52.6 0.4957 2.4981

06JIJL87 !.3943 1.3839 5 0.6502 46.6 0.7228 2.3071

07AIX]87 0.?626 0.7796 5 0.3984 52.2 0.1516 1.2441

04SEP87 _ _._!_ 1.0885 _ 0.4019 42.2 0.4456 1.3786
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