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EXECUTIVE SUMMARY

As part of a long-term study of water quality patterns,

l

scientists from the Academy of Natural Sciences have col-

lected aquatic insects from artificial substrates placed at
!

several stations in the Savannah River. This report pre-

, sents the first detailed compilation and analysis of this

substantial data base, and examines patterns of variation of

i

insect distribution and abundance (both spatial and tempor-

al) during the last quarter century. Data on the number of
|

individuals of various taxa _found in the insect traps were

, obtained from tables in the Academy's cursory reports. Com-

puter data files created from these records were subjected

to extensive statistical analyses in order to examine varia-

tion among stations, seasons and years in the abundances of
t

major taxa and various aggregate properties of the insect

• assemblage, Although a total of 83 taxa were collected over

the 27-year study, 10 taxa accounted for nearly 80_ of the

|

individuals collected from the traps, hence these I0 taxa

were analyzed more intensively. Most of these taxa are

either filter-feeders that ingest fine particles suspended

, in the water co].umn or collector-gatherers that remove liv-

ing and detrital particles from substrates.

m

Because these aquatic insect collections were intended

to supplement the Academy's more detailed hand collections,
m

several points were considered critically before subjecting

. these data to detailed statistical analyses. For example,

i



over the 27-year period during which these collections were

made, there were changes in both sampling technique and the

level of taxonomic resolution of the insects. Such changes
t

complicate any attempt to examine long-term trends in popu-

, lation and community patterns. The guiding philosophy in

these analyses, however, was to examine the data from as

• many different perspectives as possible. Rather than empha-

sizing patterns that were only apparent when a single par-

ameter was analyzed, we have instead focused on those eco-

logical patterns that were consistently apparent when the

data were evaluated using several different analytical tech-

" niques and assumptions.

For example, the abundance pattern of a given taxon can

potentially provide useful information regarding ecological

conditions, yet several different indices of abundance canm

be employed. We approached this problem by performing

" statistical analyses of abundance patterns using three dif-

ferent measures of abundance' absolute, proportional and

rank-ordered. Overall, the results of the analyses based on

these different measures were relatively consistent with

each other. For example, the abundances of most of the taxa

- studied varied significantly* among stations, seasons and

years for all three measures. The total number of insects
m

*Throughout this report, the term "significant difference"
is used to describe the outcome of a statistical test where

I

there is a low probability (i.e., P < 0.05) that the years,

stations, or seasons are alike. However, even where a sig-

nificant difference is detected, the magnitude of this dif-

- ference varies depending on the particular variable being

analyzed.
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I"
collected from the traps tended to increase somewhat over

- the course of the study. Abundances were usually greater in

the summer and fall than in the winter and spring. Most

i more, abundant at the downstream
taxa were significantly

station (Station 6) than at the reference station (Station

i _ i).

_ Both univariate and multivariate analyses indicated

-- that Stations 1 and 6 differed from each other ecologically.

" The average number of taxa collected
per trap at Station 6

--

was significantly greater (usually by more than 30%) than at

Station i. Both cluster analyses and ordination analyses

, indicate that the taxa characteristic of Station [ are quite
- distinct from the assemblage characteristic of Station 6.

- Hilsenhoff's biotic index was used to the
compare aver-

, age pollution tolerance of the insect assemblage at the two

stations. This index is an average of an empirically de-

_ rived pollution tolerance score for" each taxon, weighted by
-- each taxon's proportional abundance. The index is most

-- sensitive to organic pollution and other nutrient additions,

but has not been evaluated in terms of its response to

thermal pollution, heavy metals, and other toxic materials.

_ Although the index is most accurate when applied to samples
-- identified to species level, the present analyses are based

i " largely on samples identified to the generic level. Further-

more, the index was developed to describe pollution tol-

erance in midwestern streams and rivers, whereas in this

study it is applied to a southeastern river. Nonetheless,

I"
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m

we believe that the index does provide valuable information
m

of a comparative nature. For example, the insect assemblage
q

at Station 6 was significantly less pollution-tolerant as

(reflected by Hilsenhoff's biotic index) than the assemblage

_ at Station i. Collectively, these station differences sug-

gest that water quality is either comparable at the two

stations or better at Station 6. Pollutants entering the

Savannah River upstream from Station 1 may have a stronger

impact at Station 1 than Station S.

_ Perhaps the most dramatic change in insects over the

- 27-year study is an approximately 100% increase in the

- number of taxa collected at both Stations 1 and 6. More
m

subtly, the decline at Station 6 of an index of pollution

tolerance for the insect assemblage suggests that effects of

pollutants at this downstream station say have diminished

_ over the course Rf the study.

._ iv
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I INTRODUCTION

!

This study examines historlcal patterns of aquatic
",

I insect distribution and abundance from 1959 to 1985 using

the long-term data base established by the annah RiverI _ Say

._ cursory studies conducted by the Academy of Natural Sciences

I - of Philadelphia (ANSP). Particular attention is focused on

the utility of the insect trap sampling method as a means of

1 monitoring river water qualityI

The Savannah River rises in the southern Appalachians

_ and flows through the Piedmont and Coastal Plain into theL

,- Atlantic Ocean. Prior to 1954, the river was receiving a

- moderate amount of city and industrial waste (ANSP, 1970),

eroded soil caused by agricultural practices and waste dis-

charged from boats (ANSP, 1981) There was a heavy silt

load, which seemed to be contributed largely by Broad Creek.

- As the human population along the Savannah River increased,

-- so did organic waste in the river in the form of sanitary

waste, farm waste and various organic chemicals associated

with farming, industry and domestic activities.

_ The main flora and fauna were composed of those species

-- which can live on or among floating logs and debris. The

-- bottom fauna was poorly developed because most of the river

bed consisted of shifting sand. Most of the species col-

lected were species which live in water rich in nutritive

ions. The region of the river that was studied contained a

m,m
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considerable amount of organic material from upstream and

had been reduced to a "mineralogical" condition (ANSP, 1953).

Since the 1950s, industrial growth on the Savannah
I

River has been rapid around and below Augusta, Georgia.

Many environmental changes have occurred that may have

_ independently or jointly affected river biota, Identified

• changes (ANSP, 1981) include: (i) the construction and op-

-- eration of the Savannah River Plant; (2) the construction

and closure of the Clark Hill Reservoir; (3) hydraulic

dredging of the entire river reach by the U.S. Army Corps of

_ Engineers (USACE) between 1956 and 1960; (4) increased ef-

_- fluent discharge by a rapid urban and industrial development

- in and surrounding Augusta; (5) flow regulation and tempera-

ture alteration due to operation of Clark Hill Dam, a hydro-

electric station that began operation in 1954; (g) the

operation of the reactors of the Savannah River Plant; (7)

- the operation of the L-reactor of the Savannah River Plant

-- from 1954 to February 1968; (8) the increase in the number

of sewage treatment plants at Augusta; and, {9) the influ-

ence of Par Pond on the Savannah River when its water was
_w

used to cool off reactors.

- After the operation of the Clark Hill Dam, the fre-

-- quency of "cave-ins" of the banks due to the rapidly rising
J

and falling water no longer occurred because the dam stabil-

ized river flow. The banks became vegetated with higher

plants that held' the soil in place. Also, suspendtd solids

tended to settle out behind Clark Hill Dam, with the result

- 2
-" i
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that downstream waters were clearer, Algal growth extended

to a greater depth, and therefore the population of filter-

feeding insects increased. Thus, shortly after the dam was

built there was an increase in aquatic life in the Savannnah

River below the dam.

_ The dredging by the Corps of Engineers caused serious,

- though temporary, changes in the biological aspect of the

river (ANSP, 1970). It created several bars that in turn

have developed pools of quiet water: The amount of silt was

high during this time.

_ From 1958 on, quarterly studies of aquatic insects have

been conducted_by ANSP at the Savannah River Plant to moni-

- tor its impact on the Savannah River biota. In these cursory

surveys, insect traps are placed in the river at various

stations for approximately 30 days. The number of indivi-

_ duals and taxa .colonizing these artificial substrates are

then determined.

-- The long-term data base resulting from these aquati,-

insect collections is truly unique. We know of no other

study in which aquatic insects have been quantitatively

_ sampled at regular intervals for such an extended period of

time. This report presents detailed statistical analyses

- and interpretations of this data set, in order tu provide

insights regarding the changes in the ecology and water

quality of the Savannah River between 1959 and 1985.

I Prior to 1985, field collections were carried out by

Dr. Selwyn Roback and Mr. Jay Richardson, and laboratory1_

3
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. identifications were made by Dr. Roback. In 198B, Ms. Terry

-_ Nagy conducted the field collections and laboratory £denti-

'_ fication of samples in consultation with Dr David Hart andi *

Dr. Selwyn Roback. This report was written by Dr. David

-- H_rt and Ms. Terry Nagy and edited by Ms. Robin Soltis.

J
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LOCATION AND DESORIPTION OF STATIONS

l

Until 1982, one upstream "control" station (Station I_

,4

and one downstream "impact" station (Station 6) were

examined. Since 1982, an additional downstream station

(Station 5) has been studied to monitor potential effects

{

-- resulting from the restart of the L-reactor. The general

survey area is depicted in Figure i.

The stations selected for the study include comparable

, ecological habitats. The bottc._ has similar structure,

{

e.g., sand and mud, and it is stable. Small amounts of

.. sedimentation occur and the current is slow to moderate.

The contour of the river bed is irregular'. Comparable

amounts of floating debris were present at each station. A

considerable shallow water area or beaches were present.

Station 1 (Fig. 2) is a 200-m section of the river at

-- Mile 160.7, approximately 1.25-mi downstream (southeast)

from Shell Bluff Landing, Burke County, Georgia, and Aiken

County, South Carolina. The area includes all of the pilings

_marked* as #78) on the left bank _" and the opposite area on

the right bank. There is a sand beach among the pilings.

The right bank slopes off gently; at the lower boundary

there is an area of stone rip-rap where a small stream
enters the river. Station 1 is the reference station, where

the condition of the biota before it encounters influ-
any

ence from the plant complex can be examined.

_Markings appear on pilings themselves and in USACE (1980>.
_*Downstream orientation.

]
5
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Station 5 (Fig. 5) is a section of *he r_ver at Mile

135.8 in Allendale County, South Carolina, approximately

i 1.5-mi upstream (west) from Little Fell Landing, Burke
J

County, Georgia. It is located at a bend in the river be-

j tween Catfish Hole Point and Devil's Elbow. A set of pil-

ings (#55) is present near the upper-right bank boundary of

J the station. A small slough is located on the left-bank

side and below this is an area of stone rip-rap. A sand bar
J

is present along the lower right bank. This station is

, approximately 5-_i below the mouth of Steel Creek, which is

the L-reactor's dischacge point. It will reflect the impact

-' resulting from this effluent.

Station 6 (Figs. 4 and 5) is a river section at Mile

123.1 in Allendale County, South Carolina, approximately

_J 1.25-mi downstream (southeast) from Johnson's Landing,

Screven County, Georgia. It lies below the Savannah River

J Plant and the confluence of Lower Three Runs Creek and the

Savannah River. There are sand beaches on both sides of the
I
J

river. This station contains two reaches, an upstream reach

i with a large backwater on the right-bank side and a down-

stream reach with backwater on the left-bank side. A set of

J pilings (#42) is present near the lower left-bank limit of

b the downstream reach. At this station, the net impact of the

J

Savannah River Plant can be studied.

b

. .|
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_ Figure 3. Field sketch of Station 5 on the Savannah River.
Map is not drawn to scale.
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METHODS

The data for this study were gathered from tables of

insect taxa collected in traps presented in past cursory

reports from 1959 on, A total of 95 cursory surveys have

been conducted since 19591 30 of these have been since the
start up of the L-reactor and 65 have been after it shut

down in 1968. The 1958 report did not contain tables of

ta×a collected during that year: hence, this date was ex-

11 cluded from the data set.

All taxa names from the cursory report tables were
U

listed and given to Dr. Selwyn (Sam) Roback, who assisted in

the construction of a consistent summary of taxa collected

during the study. From 1959 to 1984, Dr. Roback and Mr. Jay

-U Richardson were responsible for collecting and identifying

._ aquatic insects f.rom the Savannah River. Beginning in 1985,
U

Ms, Terry Nagy was responsible for these aspects nf the

_. study, Because of taxonomic inconsistency at the species

level between reports, most of the similar species were

-_ combined under one generic name. An example of this is

Stenonema sp i, Stenonem8 sp o

. . -, ,etc. Sp. 1 from one
report was not always the same sp. 1 of other reports. For

some, of the earlier reports, some insect groups were not

%dentified beyond genus due to lack of suitable taxonomic

keys. To ensure consistency, taxa in later reports that

were identified to a higher level with the availability of

better taxonomic keys were combined under the level they



appeared in earlier reports, This corrects for the possibil-

ity of naming a taxon as two different categories and later

analyzing the same taxon as two separate taxa. Small speci-

mens could not be identified past the generic or sometimes

family level (i,e, Baetidae) because of immaturity of impor-
" rant morphologica] structures used as identifiable species

characteristics in taxonomic keys. When immature and adult

insects were collected for the same taxon, they were re-

corded and analyzed separately, A list of the taxa names ,

used and the average number of individuals collected per
J

trap per station for any given year for each of the four

seasons appears in Appendices A to D.

The cursory reports were also checked for: the date the

_J survey was done; what substrate was used (wood and/or web-

bing); and the size of the mesh opening (0.25 in or 0.50

in).

From 1958 to'1971, 8-in X 6-in X 12-in (15.2-cm × 20,3-

cm X 30.5-cm) boxes constructed from 0.25-in (0.64-cm) mesh

-J_ hardware cloth and filled with wood and styrofoam were used

for the surveys. In 1972, 8-in X 6-.in X 12-in (15,2-cm X

20,3-cm X 30.5-cm) boxes constructed from 0.5-in (1,27-cm)

___ mesh hardware filled with wood or plastic mesh and a piece

of styrofoam were used for that survey. From 1973 to 1985,

the surveys used 8-in X 6-in X 12-in (15.2-cm X 20,3-cm X

30.5-cm) boxes made from 0,25-in mesh hardware cloth and

-_ filled with 8 to i0 sheets of plastic Conservation webbing

] (manufactured by the 3M Company) and 1 or 2 pieces of styro-

foam. Each station had four boxes (or traps) which were



placed in the river by SRP personnel. In general, two traps
were tied to separate pilings on the bank with pilings at

and lower ends of the and the
the upper station_ other two

were each tied to overhanging tree branches on the opposite

--_ bank at the upper and lower ends of the station. The traps

7_ were tied about 4 m from the shoreline and had enough rope
to allow them to float approximately 4 m from the point

where they were traps were heft floating in the
tied. These

water approximately 30 days before the onset of a survey.

-3 For analysis the survey data were grouped by seasons:

_, spring includes March and April surveys; summer includes
May, June and July surveys; fall includes September and

3 October surveys plus one August survey in 1959; and winter
I--

' includes November and December surveys,

The taxa abundance data and any other information ob-

tained' from the"reports were .entered into an IBM/XT compu-

ter. Ali data were thoroughly proofed for accuracy,

Water chemistry data for April 1968 to April 1985 were

i

obtained from the DuPont Company's Savannah River Water

Analyses reports. Water chemistry samples were collected by

Savannah River Plant personnel approximately once per month

at two locations which closely corresponded to our Stations

1 and 6. These data were also entered into _ microcomputer

file and proofed.

Most statistical analyses were done on the IBM micro-

computer using the following statistical software: BMDP

(Dixon, 1983); SYSTAT ( SYSTAT, Inc., 1985); and P-STAT (P-

14
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i STAT, Inc., 1986). Additional analyses were performed on a
VAX model #730 mainframe computer using SAS (SAS Institute,

Inc., 1986) statistical software,

Taxa were assigned to functional feeding groups accord-

ing to their method of food acquisition (Cummins, 1973)

The five major categories used were collector-gatherer,

filterer, predator, shredder, and other. Collector-gather-

ers sre organisms which scrape or collect microalgae or

organic matter from substrate surfaces. Organisms classi-

fied as filterers feed by removing fine particulate organic

matter from the water column using either nets or other

filtering structures. Predators are carnivoroas macroin-

vertebrates that are adapted specifically for either pierc-

ing or engulfing other animals. Shredders feed by chewing

living or decomposing plant tissue. Organisms were assigned

to the "other" category when either information was unavail-

able or our level of taxonomic identification was too broad

(e.g., midges in the subfamily Chironominae). Table 1 shows

the assignment of the functional feeding groups to the taxa

collected. Merritt and Cummins (1984) and Brigham, Brigham

and Gnilka (1982) were used as cross-references.

Hilsenhoff's (1982) biotic index was also used to quan-

tify the relative abundance of various aquatic insects as a

function of their ability to tolerate pollution. This index

averages the pollution tolerance of each taxon weighted by

its proportional abundance. The assigned pollution toler-

ance values for each taxon were obtained from Hilsenhoff

15



Table i. Assigr_ent of functional feeding groups and biotic index,values to the taxa collected on the Savannah River from

1959 to 1985.

Taxa FFGt _source a ' Biotic [nde×_

B Phylum ArthropodsCLass Insects

Subclass PteryEota
Division Exopterygota

Order Ephemeroptera
Suborder Schistonata

Family Baetidae
Baetidae spp, G(1) -

B Callibaeti# sp, G(2) -
Family Heptageniidae

HeptagenJ_ spp, G(2) 0,5
Stenonema app. G(2) 2.0

Family Oligoneuriidae
fsonychia spp, F(2) 2'0

Family Leptophlebiidae
Leptophlebia app. G(2) 2,0
P_raleptophlebia spp. G(l) -

Suborder PannotaFamily Ephemerellidae

Ephemerella app. G(2) l,O
Family Trlcorythidae

Tricorythodes spp, 0(2) 2.0Family Caenidae
Caeni$ sp. G(2) 3.0

Order Odon_taOdonata spp, (Immaturel P(1) -
Subvrder Anisoptera
Family Aeshnidae

Aeshnidae app. P(1) -Boyeria sp, P'(l) 1,0
Family Gomphidae

Hagenl'u$ brevist.vJus P(1) -

Family _acromiidae
Macromia sp. P(1) 1,0

Family Corduliidae
Neurocordulia molests P(1) ' l._

Family Libellulidae
LLbellulidae spp, P(I_

Suborder Zygoptera
Family Calopterygidae

Caloptery_ spp, P(I
Hataerina sp. P(I -

Family Coenagrtonidae
Coenagrionidae spp, P( l
Arg_a spp, P(I 2.5

_] Order Plecoptera
Group Euholognaths
Family Nemouridae

Nemoura mp. S(2) -Family Taeniopterygidae
Taeniopteryx spp. S(2) 1,0

Family Capniidae

Allocapnia sp, S(2_ -Group Systellognatha
Family Pteronarcyidae

Pternarcys sp, G(2) -

Family PerlodidaeIsoperla sp, P(2) 0.0

IsoEenoide$ (=IaoKenus) sp, P(2) 0.0
Family Perlidae

Perlidae spp. P(1) -Acroneuria'sp. P(2) -
Perlesta perJesta P(2) 2.0
ParaEnetina sp. P(2) 1,O



Table i (continued). Assignment of functional feeding groups and 'i

biotic index values to the taxa collected on the Savannah

j River from 1959 to 1985.
Taxa FFO* (source_ i Biot tc tndex_

Order Hemiptera

Family Corixtdae

?richocorixa calva P(1) -
Family Be[oatomatidae

" BeJostoma fluminea P(1) -
Family Naucoridae

Pelocoris femoratus P(1) -.Division Endopterygota
Order Coleoptera

Suborder Adephaga
Family Haliplidae

Hallplidae spp, S(2) -
Family Dytiscidae

Dvtiscidae spp, (L) P(1) -

Dytlscidae app, (A) P(1) -Family Oyrinidae

Gyrinidae spp, (L) P(1) 2,0
Gyrinidae spp, (A_ P(1) -

Dineutus spp, (h) P(I) -Suborder Polyphaga
Series Staphliniformia
Family Hydrophilldae

Hydrophilldae spp, {L) PII) -.. Hydrophilidae spp, (A) P(1) -
7ropisternus glaber P(I_ -
Berosua sp, (LI P(I) -

Series ScarabaeiformiaFamily Helodidae
Helodidae sp, (L) 0(I) -

Series Elateriformia

Family-Dryopidae ,Dryopidae spp, S(1) -
Family Elmidae

Elmidae spp, (L) 0(i) -

Elmidae spp, (A) G(1) -
.4nc.vron.v,wvariegmtus (A) O(l ) 2,0
Machronychus glabratus (A) G_ I ) 2, 0
_tenelmis spp, G(I ' 3, 0

Order Megaloptera_'amily Corydalidae
(,'hsuliodes sp, PcI_ -

Cor.vdalus cornutus P(I_ 2.0

Nigronia sp. P(I_

Order Neuroptera
Family Sisyridae

ClimacJa sp, P(!) -
Order Trichoptera
Suborder ^nnulipalpia

Family HydropsychidaeHydropaychidae spp, F(1) -

Cheumatopsyche spp, F(2) 3,0
H.vdropsyche spp, F(2) 2,0

Macronema spp, F(2) 2,0Family Philopotamidae

Chimarra spp, F(2) 1,0
Family Polycentropodidae

'_ Neureclipsis spp, 0(2) 4.0
Polycentropus sp, P(2) -

Suborder Integripalpla
Family Hydroptilidae

Hydroptila sp. 0(i) 3,0
Oxyethira sp, O(l_ -

17



] Table I (continued). Assignment of func=ional feeding groups and
biotic index values to the taxa collected on the Savannah

,__ River from 195q to 1985.

Taxa FFOI _source_ , Biotic tnd_ }

Family Lepldostomatldae
Lepzdostom_ sp, S(1) -

Family LimnephilldaeLimnephilldae spp, S(1) -
Hydatophyla,v !=,4stenoph.vJax) sp, s(l)
Pycnopsyche sp, S(1) --

,_ Family Leptoceridae
Ceraclea spp, 0(tl 2,0

" Nectop$,vche spp, S(1) 2,0
Triaenodes spp, S(1) -

,_ Oecetis sp, P(1) 2,0Order Diptera
Suborder Nomatocera

._ Family Tipulidam
Tipula spp. 0(I) -

Family Ceratopo_onldae
Palpomyla spp, P(1) 3,0

Family Chtronomidae
Subfamily Tanypodznae

Tanypodinae spp, P(1) -
subfamily Orthocladiinae

Orthocladlinae spp, O(1) -
Subfamily Chironominae

-' Chironominae spp, 0(I) -
Family Simullldae

Simulium app, F(1) 2,5

Suborder Brachycera. Family Tabantdae
?abanus sp. P(ll

• Family Athericidae

4ther#.v sp. P(11 -Family Empidldae
HemecodromJa sp, P(I) 3,0

Suborder Cyclorrhapha
DivisLon Schizophora
Section Acalyptratae
Family Ephydrzdae

Ephydrldae sp, 0(11

Section CalyptrataeSuperfamtJy Muscokdea
Muscotdea (L) O(l)

i Functional feeding group (FFG) codes srm:0 = Collector-gatherers and scrapers S = Shredder
0 : Other _? = Undetermined_ F : Collector,-filterer
P = Predator

• I z Number in parentheses indicates the reference for the

' ='_ 1 functional feeding group assignment,
(I) Merrltt and Cu_mins, 1984,
(2) Brigham, Brigham and Onilka, 1982,

3 From Hiisenhoff, 1982,

]
],B
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(1882) and range from 0 to 6, with S assigned to taxa that

are _ost tolerant of organic pollution, When the tolerance

value differed for species within the same genera, we used
the average of the tolerance values, Table 1 shows the

i

assignment of the biotic index levels to the taxa collecte_.

]
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DATA ANALYSES
i

J

The average number of indi,piduals per trap at a given
station was calculated for every taxon during each season

__ and year. The majority of the subsequent 'statistical anal-

yses focused on taxa whose mean abundances per trap were

_ greater than or equal to 0.5 in any one year. A three-way i

• _ analysis of variance (ANOVA) was used to examine how the
number of individuals per trap varied among stations, sea-

-i_ sons and years. Ali possible interactionterms (i,e.,

season × year, season x station, year x station, season x

year x station) were also tested in the ANOV A model. Dun-

can's multiple range test was also used to indicate which
- stations differed from one another. Analysis of variance

was also used to compare the proportional (as opposed toi

absolute) and rank-ordered abundances of the major taxa

"_ Proportional abundance was calculated as the number of indi-

viduals of a given taxon divided by the total number of

individuals in the trap.

-_ Taxa richness was calculated, based upon identification

of invertebrates to the generic level for the most part,

rather than species identification per se Shannon-Wiener_. •

"_ diversity (H') and evenness CJ') were measured according to
• formulas in Peer (1974), using base 2 logarithms. Three-way

-_ ANOVA was used to compare total abundance, number of taxa

(taxa richness), Shannon-Wiener diversity, Hilsenhoff's

--_ biotic index, and the proportions of individuals in each



functional feeding group. Following the recommendations of

So_l and Rohlf (1981), log base I0 transformations of

abundances and arcsin transformations of proportions were

made.

Most of the statistical analyses were done on the IBM

microcomputer using the following statistical software pack-

ages: BMDP (Dixon, 1983); SYSTAT (SYSTAT, Inc., 1985); and

P-STAT (P-STAT, Inc., 1985). For 3-way ANOVAs, the data

were transferred to a mainframe computer, and SAS (SAS

Institute, Inc., 1985) statistical software was used.

Jaccard's coefficient was used to calculate the simil-

' arity in taxonomic composition between pairs of stations.

Jaceard's coefficient quantifies the similarity of two sam-

ples based on patterns of presence and absence of taxa,

]
i irrespective of their abundance. Such similarity coeffi-

cients are usually- based on identification of ta×a to the
l

]
species level whereas the present coefficients are based

q

primarily on patterns of generic presence and absence.

Jaccard's coefficient is defined as the number of taxa that
i

j are common to any two stations divided by the total number

of taxa present at the two stations (Sneath and Sokal,

1973). Thus, values for the Jaccard's coefficient vary

° between 0 (indicating no species in common between the two

samples) and 1 (indicating that both samples have identical

sets of species). A similarity matrix was then generated

. for all unique combinations of station pairs, and this

matrix was clustered via SYSTAT's hierarchical CLUSTER

m
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J
algorithm (Wilkinson, 1984). The cluster analysis produced

a branching arrangement called a dendogram which illustrates

the relative similarity of stations. This form of analysis
is fundamentally different from the previously discussed

how similar the stations are in terms
ANOVA' s which examine

of the density of a particular taxon. The cluster analysis

compares the stations based on the number of taxa that they

have in common.
A form of ordination called detrended correspondence

Gauch, 1980) was used to arrange
analysis (DCA) (Hill and

stations in two-dimensional space so that similar stations

J were placed close together and dissimilar stations far a-

part. All analyses were conducted using DECORANA (Hill,
1979), a program in the Cornell Ecology Program Series

analyzed was the average number
(Gauch, 1982). The variable

of individuals in each taxon per trap at each station during

each year of the study. One ordination wa_ performed for

each of the four seasonal data sets.

22



RESULTS

A total of 83 taxa (Table i) were considered in the

analyses that follow, although many more species were

actually collected in the 95 cursory surveys from which the

present data set was obtained. However, species-level tax-

onomy was not used consistently throughout the study and

some taxa could not be identified to species. Thus, a

decision was made to classify taxa at the level of genus,

sub-family, or family to permit comparisons over the course

of the study. Of these 83 taxa, _5 were sufficiently abun-

dant (average abundance per trap in at least one year great-

er than or equal to 0.5 individuals) to merit detailed

statistical analysis.

The collections were numerically dominated by a small

number of taxa (Table_ 2). The most common taxon was the

filter-feeding caddisfly larva Chimarra, which builds very

fine-meshed filtering nets. The second most common taxon

was the sub-family Chironominae. The larvae of many of

these midge species are also filter-feeders. Filter-feed-

ing mayfly nymphs of the genus Isonychi8 comprised the third

most abundant taxon and the mayfly genus Stenonema was

fourth. Stenonema nymphs live on hard substrates, where

they graze algae and collect detrital particles. Net-

spinning caddisfly larvae in the genus Cheumatopsyche were

the fifth most abundant taxon. These five taxa comprised

23

mmmm.,,



J

_ Table 2. Mean abundance per trap of the I0

most abundant insect taxa col-

Savannah River,
lected in the

-, 1959-1985.

Mean

Taxa Abundance

Chimarra spp. 44.9

Chironominae spp. 26.4

Isonychia spp. 22.9
Stenonema spp. 18.9

spp. 18. 2
Cheuma tops.vche

Orthocladiinae spp. 17.0

Ephemerella spp. ii. 7

_ IIydropsyche spp. I0.8
Simulium spp. 9.7

Baetidae spp. 7.7

Total individuals 235.8

lm

J



approximately 56% of the total number of individuals

- collected.

The midge sub-family Orthocladiinae was the sixth most

common taxon. The larvae of many of the species in this

- group are believed to be deposit feeders. Sprawling mayfly

_ nymph_ belonging to the genus Ep_emerella were the seventh

- most common taxon, followed by net-spinning caddisfly larvae

" in the genus Hydropsyche. Filter-feeding black fly larvae

in the genus Simulium and grazing/deposit-feeding mayfly

nymphs in the family Baetidae were ninth and tenth most

- abundant, respectively. Collectively, these ten most abun-

- dant taxa comprised approximately 80_ of the total number of

" individuals collected during the 27-year study period.

Overall, filter-feeders were the most abundant func-.
m

tional group in the traps. Collector-gatherers were second

. most abundant, followed by predators and finally shredders.

_ Virtually all of the 55 taxa evaluated with analysis of

- variance exhibited significant differences in abundances

either among years, stations, or seasons (Table 3). Signi-

ficant differences among years and seasons occurred for

nearly all taxa, whereas significant differences among mta-

_ tions occurred in almost two-thirds of the taxa studied.

•- For many of these taxa, there were also significant "inter-

- action effects," indicating that the patterns of abundance

variation among values of on_ factor (e.g., season) depended

on the particular values of another factor (e.g., year).

' 25
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J Table 3, Significant differences in abundances, amon_ years, stations,

andLQr seasons,.of insect tara (withaveraB e abundance per _rap

i in one or more years _>0.5 individuals) collected on the SavannahRiver, 1959,1985. (SE=season, YR=year, ST=station, *=statistical
interaction between listed factors.)

i FAOTOR

J TAXA SE YR ST SEiYR SE*ST YR$ST SE$YR$ST NONK

gphemeroptera
Baetidae spp, X X X X - X X -

J HeptaCenJa ipp, X X X X X X X -
Stenoaema ipp, X X X X X X X -

Ison¥chia mpp, X X X X X X X
I ZeptopbJebjm zpp, X X X X X X X

PareJeptophJebia mpp, X X - X - - .

a £phemereJJm spp, X X X X X X X
Tricorythodea Ipp, X X X X X X X -

Ceeaja sp, X X X X - X X -
i

' Odonata

8oyer_m lp, X X X - - X - -

HagenJua brev_styJua - " .... X
NeurocorduJie aoJesta X X X - X ' X -

. CaJopterYx Ipp, X X X - - X -

t Coenagrionxdee epp, X X X - X - -
Atria =pp. X X X X X X X -

Plecopters

, Taeniopteryx Ipp, X X X X X X X -
Pteronarcy$ lp, - -

' - - X

IsoperJe sp, X X X '" ; X X X -

' I$oEenoJde$ lp, X X X X X X X -

Perlesta plecide X X X X X X X -

] PeraEneC2ne mp, X X X X X X X

J Hemiptera
PeJocorJs'femoretua - X X , - X - - -

Coleoptera

Dytisczdae mpp, (L) X X X - X - -Dytisctdee spp, (A) X X - X ....

Oyrinidse spp, (L) X X X - X X -

OyrinLdae Ipp, (A) X X - X X X X -
Dineutua sp, X X - X ....

'Hydrophtlidee mpp, (A) X X X - - _ _
Pcopasternum gJaber - - X ....

Helodidae sp ...... X -

Elmidae app, (L) X X X X X X X
Elmidae spp, (A) X X X X X X X -

Ancyronyx varJega_um X X X X X X X -
Necronychus EJabratua X X - - -

. SteneJm_s Ipp, X X X X _ X X

Me_alopters

" CorydaJua cornutus X X X X X X X
Ni_ronia sp, X X X X X

d

Trichoptera

Hydropaychidae spp, X X X X X -
. CheuBmtopayche Ipp, X X X X X X -

Nydropmyche mpp, X X X X X - - -

Ngeroaemm spp, X X X X X X X -

" ChJmarrm Ipp, X X X X X X X -

NeurecJipaia Ipp. X X X - X X
. HydroptjJe Ipp, X X - X - X X

LLmnephLlidae app. X X X - - _
PycaopmFcbe sp. X X .....

" CmrmcJee ipp, X X X X X X X -

Neotopaycbe app, X X X X X X X
. Oeoetia Ipp, X X X X X X X

Diptera

" PaJpoayJ8 Ipp. X X X X X - X -
Tanypodi_me Ipp, ' X X X X X X X -

. Orthoclsdtinae app, X X X X - X X -

ChironomLnae app. X X - X X X X -
Simuliua spp, X X X X X X X -

" Remerodromia app, X X - X X X X -

" 26
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Average abundances per trap of the 83 taxa at Stations
,I,,5, and 8 during each year are presented in Appendices A-D

during spring, summer, fall and winter, respectively, The

following comparisons among stations focuses primarily on

differences between Stations i and 6 because so many fewer

cursory surveys were conducted at Station 5, Table 4 pre-
sents the average abundance for each taxon across all years

and stations for each of the four seasons to facilitate more

direct comparisons of seasonal patterns of abundance varia-

tion, Overall, approximately twice as many individuals were

collected from the traps in summer and fall than in winter

and spring. Of the 55 most common taxa, 19 were most abun-

dant in fall, 18 in summer, 12 in spring and 6 in winter.

Plots of abundance versus time are presented for single

seasons because the abundances of most of these taxa dif-

fered significantly among seasons. Rather than present the

data for all taxa in all seasons, figures are used to illus-

trate typical patterns of abundance variation among variousL

aquatic insect taxa during seasons in which these taxa were

most abundant. Particular attention focuses on patterns of

abundance in early fall collections, since this is a time

when potentially high temperatures and low discharges com-

bine to create stressful conditions for many aquatic in-

sects. Figures are presented both for taxa that were among

7 the i0 most common ana for representative taxaj from other

insect orders that are of interest for ecological or compar-q

ative reasons.

27
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Table 4. Average abundance (no. individuals per trap) of each insect

taxon collected on _the Savannah River for all study _ears ,_ '

and stations, for each of the f'our seasons.

SEASON

SPRING SUMMER FALL WINTER

Ephemeroptera

J Baetldae spp, 6 17 6 53 I0 72 8 37
Caenis sp, 0 09 0 33 0 34 0 05
Callibaet_s sp, 00l 0 03 00l 0 O0

Ephemerella spp, 37 88 0 16 0 02 5 55

] Heptagen_a spp, 0 82 7 23 1 02 4 B2
Iaonychia app, 0 OB 54 71 43 89 0 75

J Leptophlebia spp, 0 11 0 O0 0 O1 0 19
Paraleptophlebia npp, 0 04 0 O0 0 O0 0 O1
stenonema spp, 17 65 36 04 22 87 ]l 08

Tricorythodes spp, 0 03 12 28 16 69 0 73J

Odonata
Aeshnidae spp, 0 O0 0 O1 0 02 0 O1

Argia spp. 0 09 0 53 0 59 0 26Boyeria sp, 00l 0 13 , 0 05 0 03
CalopteryX spp, 0 O1 0 03 0 03 0 O0
Coenagrlonldae spp, 0 34 0 35 0 73 0 38q

Hagen_ua brev_stylus 0 O1 0 O0 0 O0 0 O0
Hataerina sp, 0 O0 0 02 0 O0 0 O0
Libellulidae app, 0 O0 00l 0 04 O,Ol
Macromia sp. 0 O0 0 O1 0 02 0.00

Neurocordulia moleata 0 02 0 04 0 21 0,05Odonat8 spp, (Immature) 00l 00l 00l 0,02

Plecoptera

.4croneuria sp. 0 O0 0 O0 0,00 0,03AllocapnJa sp, 0 O0 0 O0 0,00 00l
Iaogenoides (:[sogenus) sp, 0 27 0 O0 0,00 00l
l'soperJa sp. 0 87 0 O0 0,00 0 09

Nembura sp, " 00l 0 O0 0,00 0 O0
ParagnetJna sp, 0 02 0 36 0,08 0 _0
Perlesta placida 14 37 3 67 0001 0 34
Perlidae app, 0 O0 00l 0,00 0 02

Pternarcys sp, 0 O0 0 O1 0,04 0 03
I'aeniopteryx spp, 0 02 0 O0 0,00 8 20

Hemiptera
Belostoma []u_nea 0,03 0,06 0,05 0,01

Pelocoris [emor_tus 0,04 0,08 0,06 0,0,1rrichocorixa calvu 0.00 0.01 0.01 0.00

Coleoptera
,4nc,vroayx varJegatus (A) 0 02 0 16 0 43 0 21
Berosus ap, (L) 0 O0 0 03 00l 00l
Dineutus spp, (k) 0 O0 0 O0 0 O0 0 36
Dryopldme spp, 00l 0 O0 0 O0 0 O0

Dytiscidae spp, (L) 0 3[ 1 35 0 56 0 03Dytiscidae app. (A) 0 34 l 82 0 29 0 26
Elmidae spp, (L) 0 02 i 94 0 46 0 06
Elmidae app, (A) 0 31 2 65 Z 89 0 25

Gyrinidae app. (A) 0 03 0 09 0 O0 0 19Oyrinidae app, (LI 0 05 0 45 0 39 0 O0
Haliplidae spp, 0 O0 0 O0 0 02 0 O0
Helodidae sp, (L) 0 06 0 O0 0 02 0 O0

Hydrophilidae spp, (A) 0 05 0 26 00l 0 06Hydrophilidae app, (L) 0 O0 0 02 0 O0 0 04
Machronychus glabratus (A) 0 03 0 03 0 02 0 02
StenelmiJ npp, 0 28 0 88 0 23 0 03

Tropiaternus glaber 0 03 0 02 0 02 0 O0
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]
Table 4 (continued). Average abundance (no. individuals per trap) of

each insect taxon collected on the Savannah River for ali study

and stations, for each of the four seasons.
years

SEASON
SPRING SUMMER FALL WINTER

T_

Megaloptera

Chauliodeg sp. 0,01 0,08 0.06 0,02Corydalus cornutus 0.01 O, 14 0.66 0,03
Nigronia sp, 0,00 0,00 0,05 0.00

NeuropteraClimacia sp, 0,01 0,00 0,00 0.01

Trlchoptera

Hyda tophyl ax(=Astenophylax) mp, 0,00 0,00 0,00 0,01
Ceraclea spp, 0 18 0 O0 0 01 0 OI
Cheumatopsyche spp, 10 32 26 16 23 94 13 73

Chimarra spp, 3 55 57 75 107 43 14 34
Hydropsyche spp, 2 20 30 48 13 04 3 02
Hydrop1ychidae spp, 0 47 5 53 I 63 3 14
Hydroptila sp, 0 04 ] 85 1 23 0 32

Lepidostoma sp, 0 O0 U O0 0 O0 0 03
Limnephilidae spp, 0 03 0 O0 0 O0 0 O0
Macronema spp, 0 11 9 55 6 51 0 11
Nectopsyche spp. i 08 2 87 2 71 2 89

Neureclipsis spp, i 21 3 71 7 20 2 47
Oecetis sp, 0 55 I 95 2 02 0 47
Oxyethira sp, 0 O0 0 O0 00l 0 O0
Polycentropus sp, 0 O0 0 O0 0 O0 00l
Pycnopsyche sp, - 0 02 0 02 0 O0 0 05

Triaenodes spp, 0 02 0 05 0 O0 0 03

Diptera
A theri,v sp, 0 O0 0 02 0 02 0 O0

Chironom_nae spp, II 66 29 81 45 02 24 08Ephydridae sp, 0 O0 0 O[ 0 O0 0 O0
Hemerodromla sp, 0 03 l R4 0 88 0 04
Huscoides (L) 0 O0 0 O0 0 O0 0 Of

"_ Orthocladiinae spp, 24 65 15 49 7 88 16 87

Palpomy2a spp,. 0 O] 0 O0 0 08 0 O0
Simulium spp. 13 70 3 82 t7 65 2 41
Tabanus sp. 0 O0 0 O0 0 O0 0 Of

Tanypodinae spp, 2 68 9 62 11 13 3 O1Tipula app, 0 O0 0 01 00l 0 Of

Total Individuals 162 02 323 07 352.03 129 81
Filterers 30 42 188 O0 214 09 37 51
Predators 20 06 22 70 18 06 5 86

j Gatherers 97 44 74 04 63 66 48 32Shredders i 19 2 95 2 76 ii 25
Others 12 91 35 38 53 46 26 88

Taxa Richness 9 19 13 60 12 69 10 59Shannon-Wiener 1 45 1 83 1 74 i 86
Evenness 0 70 0 72 0 70 0 75
Biotic Index 1 83 1 99 1.95 1 84
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The abundance of Chimarra did not increase or decrease

consistently over the 27-year period, but it was signifi-

cantly more abundant at Station 6 than Station 1 (Fig. 6).

The abundance of Cheumatopsyche increased significantly over

the course of the study, but was not significantly greater

at Station 6 than Station I (Fig_ 7), The abundance of

Isonychia at Station 1 has been consistently low throughout

the study, whereas its abundance at Station 6 increased

dramatically in the early 1970s (Fig. 8). Before and after

this period of high densities, the abundance of Isonychia at0

Station 6 has been low, but consistently greater than at

, Station i. Mayfly nymphs in both the genus Stenonema (Fig.

9) and the family Baetidae (Fig. i0) have undergone strong

cyclical variations in abundance over the last 27 years,

] although the general trend has been for population densities

to increase with time. The abundance of Stenonema at Sta-

tion 6 is significantly greater than at Station I, whereas

the abundance of baetid mayfly nymphs does not differ signi-
ficantly between the two stations.

Although larvae of the dobsonfly Corydalus cornutus

were rare prior to 1975 (e.g., only four individuals were

collected during this period), they have been found at

Station 6 in all but one year since that time (Fig. Ii). A
comparable pattern of increase has not been observed at

I In fact, Corydalus has not been collected there
Station i.

since 1977. Thus, there are significant differences in

abundance between the two stations. Midges in the subfa_ily

_ 30
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Chironominae have increased relatively steadily during the

study, yet their relative abundance at Station 1 compared to

Station 6 underwent an apparent reversal approximately mid-

way through the study (Fig. 12). Prior to 1974, these

__ midges were more abundant at Station 6 than Station 1 when

station differences existed, whereas abundances at Station 1
have usually been greater since that time.

Temporal patterns of abundance variation in filter-
i

feeding black fly larvae of the genus Simulium have varied

dramatically between Stations 1 and 6 (Fig. 13). At Station

6, Simulium was relatively abundant during the first 15
years of the study, whereas its abundance has been quite low

__ since that time. In contrast, abundance of Simulium at

Station 1 has been consistently low (and usually lower than

6) over the entire 27-year interval. Predatory damselfly

nymphs in the genera ENallagma and Ischnur8 (grouped to-
gether as the family Coenagrionidae) were extremely rare at

-_ Station 1 and completely absent at Station 6 prior to 1970

(Fig. 14). Their abundance increased sharply beginning in

1970 and has fluctuated considerably since that time.

The next set of figures examines patterns of spatial
and temporal variation in the abundances of taxa that were

most common in the spring surveys. There was no significant

difference in abundances between Stations 1 and 6. The

sprawling mayfl_ nymph Ephemerella at Station 6 was usually

uncommon prior to 1977, whereas its abundance has increased
considerably since that time (Fig. 15). In contrast, Ephem-

P
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erella has been consistently rare or absent at Station 1
over the 27-year period,

The stonefiy Perlesta placida was rarely found at Sta-

tlon 1 (e,g,, only 6 individuals were collected) and never

__ at Station 6 prior to 1968, at which time its abundance

began to increase considerably at _'tation 6 (Fig, 16),
Increases in the abundance of Perlesta at Station 1 began in

the mid-1970s, although the species is still found in great-

er numbers at Station 6. Only eight individuals of the

J_ stonefly Isoperla were collected prior to 1977, but the

species has occurred commonly in surveys during the last

decade (Fig, 17), The density of Isoperl8 is significantly

greater at Station 6 than Station i. The abundance of midge

larvae in the subfamily Orthocladiinae has increased nearly

exponentially since the study's outset, with densities

usually greater, at Station 1 than Station 6, especially

during the first 15 years of the study (Fig. 18).

-_ Patterns of spatial and temporal variation in the pro-

portional abundances of the major taxa largely agreed with

those patterns described above for absolute abundances, The

most striking difference was observed in larval chironomids.

For example, the proportional abundance of Chironominae in

thc ,fall was consistently greater at Station 1 than Station

I 6. For both stations, hod,ever, proportional abundance

neither decreased or increased dramatically during the 27-

year period. The proportional abundauce of Orthocladlinae

during the spring has been consistently higher at Station ]

r
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than Station 6, which contrasts with the patterns exhibited
by absolute abundances, Proportiona_ _ abundance at both

D stations was low in the early of the
years study, peaked in

the late 1960s and 1970s, and declined somewhat during the

1980s,

D Analyses based on rank-ordered abundances also gave
results that usually agreed with those based on either

absolute or proportional abundances, One
of the few excep-

tions was with Chironominael the rank-ordered abundance of

this taxon did not differ between stations, in contrast to

the significant station effect observed using the other two
abundance measures.

The average number of ta×a collected per trap in the

fall has increased by approximately I00_ over the 27-year

period (Fig. 19). Relatively steady increases have occurred

at both Stations Land 6, with the former station represent-
ed by signficantly fewer ta×a than the latter. The number

of individuals per trap also increased somewhat
at both

stations, although the most striking pattern is the tremen-

dous increase in abundance that occurred a_ Station 6 during

the period between 1970 and 1973 (Fig. 20). The number of
individuala at Station 6 was significantly greater than at

Station i. Shannon-Wiener diwersity has increased
consider-

ably at both Stations 1 and 6 over the study perled (Fig.

21), particularly since approximately 1974, There were

significant differences among stations, but neither Station
1 nor Station 6 remained consistently higher than the other
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throughout the study. Evenness increased with time (Fig.
22), indicating that collections were less dominated by a

few very abundant taxa in more recent years. However, there

were no significant differences among stations in evenness.

Table 5 shows the biological parameters having significant

season, year and station effects..

Fall cursory surveys were numerically dominated by

filter-feeding aquatic insects during the early years of the

study, and the proportion of filter-feeders collected in the

traps has steadily declined since that time. Conversely,

the relative abundances of collector-gatherers and predators

_ have increased consistently over the 27-year study. None of

the functional feeding groups showed significant differences

among stations in proportional abundances, although the

absolute abundances of filterers, gatherers, and shredders

were greater at Station 6.

3
Figures 23 to 26 present temporal patterns of variation

in the average value of the biotic index at each station for

spring, summer, fall and winter. Spring biotic index values

were usually higher at Station 6 than Station 1 during the

first decade of the study, indicating a more pollution

tolerant assemblage at Station 6. In contrast, the biotic

index value has been greater at Station 1 than Station 6 for

every year since 1968, suggesting that Station 1 now sup-

ports a more pollution-tolerant fauna. Temporal patterns in

the spring data indicate a significant increase in the

I pollution tolerance, of the aquatic insects at Station 1 over

D
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I
the course of the study, whereas the average biotic index

I exhibited a non-significant decline at Station 6,

Fall cursory surveys yielded a similar pattern of tem-

poral variation in biotic index values. The average value

of the biotic index at Station 6 was greater than Station 1

for four of the first six surveys, whereas the biotic index

' has always been greater at Station I since that time, As in

the spring, the biotic index increased significantly at

Station 1 and declined (non-significantly) at Station 6.

Figure 27 presents the dendogram depicting the degree

of similarity among summer' stations in patterns of presence

and absence of aquatic insect taxa, The sequence of sta-

tions and years is indicated along the vertical axis. Posi-

tions along the horizontal axis indicate progressively finer

divisions of the samples into increasingly homogeneous

groups as one moves_to the left. By inspecting the pattern

of branching in this figure, it is possible to determine

which stations are most similar in terms of the number of

taxa they have in common. Samples joining each other at the

far left are most similar, whereas samples joining at the

far righ't are most dissimilar, The branching pattern indi-

cates the existence of four major groups of samples. The

top ,group is primarily composed of samples from Station i,

and all samples represent early years inthe study period.

The next lower group is dominated by samples from Station 1

and samples collected between 1964 and 1974. The third and

largest group is composed primarily of samples collected
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Figure 27. Cluster dendogram depicting the degree of similarity between
stations and years in the insect taxa collected on the

Savannah River, 1959-1985. (The year and station are preceed-
ed by "Y" and "S" respectively, in the label. Thus, Y5986
means 1959 at Station 6.)
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J
from Station 6, The bottom group includes a mix of stations

I that were sampled almost exclusively during the 1980s,

Figure 28 displays the results of the detrended corres-

pondence analysis based on winter surveys. Data points

I representing individual stations sampled during a given year

are arranged along two ordination axes, The most striking

pattern in this ordination is that Stations 1 and 6 lie in

{ different regions of the space, which suggests important
{

differences in their faunal assemblages, Data points repre-

; senting Station 5 usually lie closer to Station 6 thanJ

Station i, although there are far fewer data points for

Station 5 than for the other two stations. Stations are

also strongly separated according to the year in which they

' were studied, with early years lying in the upper right

portion of the scatter diagram and recent years lying in the

lower left portion of the space. Detrended correspondence

analysis indicated similar patterns of separation among

1 stations and years for the other three seasonal data sets.

J Patterns of variation in major water chemistry parame-

ters based on the 1968-1988 data set collected by Savannah

River Plant personnel are presented in Table 6. Most

parameters varied significantly among years and seasons, but

, only 6 of the 16 differed significantly between Stations 1

and 6, The magnitude of these statistically signifi_ant

i differences was often small, however, especially as compared{

to the wide tolerance limits of many aquatic insects lti ¢

was extremely difficult to discern patterns of variation inJ

+
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. this data set that shed light on observed trends in the

aquatic insect community. Spr ing ammonium concentrations

", were greater at Station 6 than i in the late 1960s and early

1970s, whereas concentrations have usually been greater at

' Station, 1 during 'the 1980s Sum_er ammonium concentrationsN ' 6

,r

have, appare.ntly declined at Station 1 since 1969 whilet

_ remaining relatively unchanged at Station 6. The data set

also indicates that winter water temperatures have risen

steadily at both stations during this period, perhaps due to
e

j changes in the operation of Clark Hill Dam,

Table 7 compares three estimates of aq,_atic insect

diversity for two typical cursory surveys (i.e., 1968 and

1984): i) the approximate number of species obtained in hand

collections that were conducted along with the trap collec-

tions; 2) the number of species and higher taxonomic group-

Ings collected from the traps as reported in the cursory
reportl and 3) the number of taxa used in our analyses based

on grouping at the generic and sub-family levels. In 1968,

the number of species collected in the traps at Station 1

I was approximately two-thirds of that obtained in the hand

collections, whereas the number of species collected in the

Station 6 traps was _ 75_ of the number found in hand col-

I lectionm. In 1984, the number of species collected in the

traps was usually greater than or equal to the number found

I in the hand collections for both Stations 1 and 6. After

combiz_ing various multispecies genera into single generic

1 categories and midge genera into chironomid sub-familles,
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the number of taxa analyzed in the present report usually

represented about 70-100% of the diversity indicated by

,, species-level identification of the trap collections Thus,_i

I - the level of taxa richness in
reported the present analyses

underestimates the true number of species for some years but

--" not others. Although the number of species present in the

i-_ traps was sometimes than that in hand collections, most

less

i___ of the taxa collected in the hand collections were also
collected in the traps. However, two principal kinds of

-_ organisms found in hand collections were absent from the

I traps (Table 8). The first isgroup composed of various

7
taxa which burrow into the sediment, including severalI

__ genera of dragonfly nymphs and burrowing mayflies in the

I family Ephemeridae. The second major group was the

Hemiptera and several families of true flies which ordinari-

I- ly occur in either neustonic, planktonic or shoreline habi-

--_ tats. Because comparable habitats are not provided in the

traps, it is not surprising that these taxa were rare or

absent in the trap collections.--

I
[

_ 64'



-]

J

_] Table 8. Insect taxa found in the 1968 and 1984 hand collections on
the Savannah River which were not found in trap collections

lJ for those years.

YEA_

TAXA 1968 1984

Class InsectaOrder Odonata
Suborder Anisoptera

Family Gomphidae
Stylurus plagiatus (Selys) - X
Gomphus (Stylurus) (L) Wmsn, X -
DromoKomphus armatus ? Selya X -

Family Corduliidae
TetraKoneuria cynosura (Say) - X
Epicordulia princeps (Hagen) X -

Order Ephemeroptera
Family Ephemeridae

Ephoron sp. X -

__ Order Hemiptera• Family Hydrometridae
Hydrometrs martini (Kirk,) X X

Family Veliidae

Vellia mp. ? brachialis Stal. X -Microvoleia sp, X -
RhaKovelia distincta Champ. X -

Family Gerridae

Gerris nebularis D&H X -Gerris mp. X X
G. canaliculatus X -

G. nr. buenoi..Hung. J X -

_, G. nr. mar_inatus Say X -G. conformis Uhler X -

G. remi_ris Say X -

r.imo_onus hesione Kirk. X -

Netrobates hesoerius Uhler - XTrepobates inermis Bsake X -
T, pictus (H. S, ) X -
Trepobates sp. X X

Rheumatobates tenuipes (Heinert) X XR. rileyi Bergr. X -
R. hunKerfordi ? Wiley X -
Rheumatobates sp, X -

Family NepidaeRanatra buenoi Hung. X X

Ranmtra mp. - X
Family Corixidae

Almocorixa - X
mp.

Sp. 1 X -
Sp. 2 X -
Sp. 3 X -

-_I_ Family Notonectidae
/LJ Notonecta sp. X -

N. irrorata Uhler X -

N. uhleri Kirk. _{ -

-:._ Fa_i ly Mesoveliidae

65
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]
Table 8 (continued). Insect taxa found in the 1968 and 1984 hand col-lectlons on the Savannah River which were not found in trap

collections for those years.

.........!_R
TAXA 1968 1984

Mesovelia mulsanti White X X
Family Saldidae

Salda sp. X -

D Family Gelaatocoridae(=Nerthridae)
Gelastocris oculatus Fabr, X -

D Order HegalopteraFamily Sialldae
Sialis mp. X -

l Order ColeopteraFamily Noteridae
Hydrocanthus iricolor (Say) - , X
SuphiseJlua gibbulus (Aube) - X

Family Hydraenidae
Hydraena sp. - X

Order Trichoptera
Family Brachycentridae

Brachycentru_ numerosua Say - X
MJcraaema sp, _ - X

Order Lepidoptera
Family Pyralidae

Parargyractis sp. j X -

] -Order Diptera
Suborder Nematocera
Family Tipulidae

Sp. X -Nr. Heliu$ sp. X -
Dioranoymia sp. X -

Family Culicidae

Anopheles sp. X -Family Chaeboridae
Chaeboru$ punctipennis (Say) X -

Family Ceratopogonidae

D AtrichopoFo_ sp. X XBe&&ia or Probe&zia sp. X -
CuJicoides mp. X -
CuJicoidem sp. _ X -

D Suborder BrachyceraFamily Tabanidae
Chryaopa mp. - X

Suborder Cyclorrhapha

Family SciomyzidaeDictya sp. - X
Sp. X -
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. DISCUSSION

a,d

Given the extensive data set analyzed here, a tremen-

dous range of pattern_ might be expected. In spite of this

potential for a diversity of outcomes, many consistent

patterns emerged from our analyses. This discussion focuses
on the common themes that emerged from these investigations.

There are clear differences among stations, seasons,

and years, in the abundance of most of the taxa examined,

whether abundances were based on actual counts, proportions,

or rank-orders. Most of these insect taxa are more common
l

J at Station 6 than Station i. Likewise, the total number of

individuals, the number of taxa, and Shannon-Wiener diversi-

ty are signficantly greater at Station 6.

Unfortunately, these results do not provide ready

answers to questions about what factors are responsible for

the di{ferences observed among stations and the patterns of

I temporal variation that were observed. One of the more

revealing patterns is provided by spatial and temporal var-

iations in average values of Hilsenhoff's biotic index

(Hilsenhoff, !982). The index is most sensitive to organic

pollution and other nutrient additions, but has not been

evaluated in teems of its response to thermal pollution,

heavy metals, and other toxic materials. Although the index

is most accurate when applied to samples identified to

species level, the present analyses are based largely on

samples identified to the generic level. Furthermore, the

]
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. index was developed to describe pollution tolerance in mid-

'_ western streams and rivers, whereas in this study it is

I applied to a southeastern river. Nonetheless, we believe
g

that the index does provide valuable information of a com-

parative nature.

The biotic index tended to be higher at Station 6 in

d the first few years of the cursory surveys, indicating a

,_,l more pollution-tolerant fauna and presumably greater pollu-
tion at the downstream station. However, since approximate-

l ly 1968, the biotic index value has been consistently higher

at Station i, indicating greater pollution at this upstream
.l

site. Indeed, the value of the biotic index at Station 1

__ has increased significantly over the 27-year period, It
seems possible that this trend of an increasingly pollution-

i_ tolerant assemblage of aquatic insects at Station 1 stems

from increased discharges of pollutants at upstream sites,

although it is difficult to document any cause-effect rela-

---_ tionship in a non-experimental study such as this. In

i contrast, the average pollution tolerance of insects at

-_ Station 6 has remained steady or declined somewhat, probably

indicating that the pollutants affecting Sf ation 1 have been

sufficiently assimilated or diluted in the river segment

T_ between Stations 1 and 6 to reduce their

effects on aquatic

insects at the downstream station.
Until 1968, the pollution tolerance of the aquatic

t_ insect assemblage was usually greater at Station 6. There-after, Station 1 usually had a more pollution tolerant

]..
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fauna. Although this change is approximately coincident

I with the period when the L-reactor ceased to operate, the

l_ available evidence does not suggest that this shift in the

rankings of pollution tolerance at the two stations is

i actually by L-reactor shutdown. Unfortunately,
caused the

very little water chemistry data are available to correlate

I with the first I0 years of insect trap data, so it is diffi-

I cult to assess directly how changes in water chemistry
correspond to the observed patterns of pollution tolerance

l aquatic Nonetheless, because discharges from
in insects.

the L-reactor entered the Savannah River downstream from

i Station i, their potential effects on water quality should

i only have been observed at Station 6. Yet the biotic index
at Station 1 increased significantly (by more than 25%)with

j at Station 6 showed no consistent
time, whereas tnt index

increasing or decreasing trend with time. This suggests

11 "
that the change in the average biotic index rankings of

l Stations 1 and 6 are primarily due to increases in pollution

tolerance at the upstream station, rather than reductions in

l average pollution tolerance of the fauna at Station 6
the

following the shutdown.

I Monthly water chemistry samples were collected near the

j Academy's Stations 1 and 6 by personnel of the Savannah

River Plant, and these data could potentially shed light on

i changes in the aquatic insect community over the course of

our study. However, water chemistry data gathered prior to

l could not be located by Savannah River Plant personnel,
1968

.l
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so this data set cannot be compared with patterns of aquatic

insect distribution and abundance during the first decade of

cursory surveys. Water chemistry data gathered every four

years in the Academy's comprehensive surveys of the Savannah

River might serve as an alternative source of information

regarding changes in water chemistry, although these data

were not collected at the same times of year as insect trap

collections were made,

An examination of water chemistry data presented in the

Academy's summary of studies On the Savannah River between

1951 and 1970 (ANSP, 1970) may provide clues regarding

factors affecting observed changes in the rankings of biotic

index values at Stations 1 and 6, For the spring 1960 data

set, the concentration of phosphate (a nutrient that common-

ly limits primary production in freshwater environments and

may thereby influence the amount of food available to

secondary consumers) was slightly lower at Station 1 com-

pared to Station 6, By 1968, however, the concentration of

phosphate had increased nearly 5-fold at Station i, whereas

it had not increased at Station 6,

One of the most striking trends over the 27-year study

period was the increase in the average number of taxa col-

lected per trap. This increase occurred in spite of the

fact that the total number of individuals collected per trap

increased much less dramatically, Before this pattern can

be interpreted, it is important to address potential arti-

facts related to changes in trap substrata material and in

7O
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the consistency with which taxa were identified over the

course of the study, Changing the trap substrates from wood

i to Conservation webbing in 1972 did not appear to affect the

number of taxa collected per trap; there were increases in
i

the average number of taxa collected per trap during periods
I

both prior to and following the 1972 substrate change, At4

least two factors could have caused more taxa to be identi-

- fled in a trap as the study progressed. One is the greatly

" increased availability of taxonomic keys that permit identl-

fication to the species level. Another is the increased

expertise of the taxonomists responsible for the Identifica-

. tion and enumeration of these collections (Dr. Selwyn Roback

and Mr, Jay Richardson) over the course of the study, When

J
combined, these two factors could have produced a bias in

i which a greater number of species could be identified from
a

given collection solely due to increased taxonomic informa-

tion and expertise.J

- We chose to combine and analyze the patterns of distri-

- bution and abundance of taxa at the generic level to mini-
I

size the possiblity that our results would be strongly

biased by these potential changes in taxonomic resolution,
I

Whereas species level taxonomy has progressed dramatically

u over the last three decades, changes in generic level taxon-

omy have been much more modest. The most important excep-

" tion to this pattern has been in the family Chironomidae, in

which larval keys to the generic level have only recently

become available, For this group, we grouped taxa at the
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level of sub-families (i°e., Chironominae, Orthocladinae,

and Tanypodinae), rather than at the generic level, Because
I

i our analyses are not based on species level taxonomy, i_ is

unlikely that the long-term increase in the average number

I of taxa collected per trap is due solely to the potential

! bias described above, The difference in level of taxonomic
J

determination may have caused some differences in the

numbers of taxa available since we combined taxa that were

identified in some cases did not identify them in others°I

lt is probable, however, that there were changes in environ-

" mental conditions in the river' that have played a role in

producing the observed changes in ecological diversity.

I
Several factors probably have played a role in the increase

in taxa richness occurring at both Stations 1 and 6, How-

l ever, enough data is not available to attribute the causes

for this increase,
The cluster analysis clearly indicates that samples

t collected during different years from the same _tation

tended to have more taxa in common than samples collected in

the same year from different stations. This pattern of

within-station similarity (regardless of the year of collec-
tion) also emerged from detrended correspondence analysis

_DCA) _. The most obvious pattern revealed by plotting the

stations against the two axes is the clear separation be-

tween stations. Nonetheless, the year in which a sample was

collected does influence the pattern of similarity among

samples in both the cluster analysis and the ordination.
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._ That is, samples collected during a general time period

tended to group together,

These common patterns emerged in spate of the fact

that the DCA and cluster analysis techniques used here

-U cliffered in several important respects, For example, DCA

relies on quantitative data desoribing the average densities
" of each taxon in the traps, whereas the cluster analysis

used is based solely on qualitative (_,e,, presence-absencel

data, Furthermore, cluster analysis assumes that a given

sample must belong to one of a discrete number of groups,

whereas DCA permits samples to be arrayed in a more contin-

uous fashion, Although these two techniques make different

assumptions Ln their description and classification of the

samples, both methods indicate that Station 1 was dissimilar

to Station 6, and that samples collected during the same 5-

I0 year period we.re more similar than samples collected far

apart in time.

i



SUM'_RY

Beginning in 198B, aquatic i,_seots colonizing artifi-

i cial substrates have been regularly collected from two

U' stations on the Savannah River, The data set resulting from
this long-term study was compiled and analyzed to investi-

! gate spatial and temporal variations in the absolute, pro-

portional, and rank-ordered abundances of individual taxa,

Additional analyses focused on variations in such summary

statistics as the number of taxa, Shannon-Wiener diversity,
the proportional abundance of various fu_Ictional-feeding

groups, and the average pollution tolerance of the assem-
blage of aquatic insects,

A relatively small number of taxa dominated the collec-

tions numerically, The most common ta×a exhibited signifi-
cant differences in abundance among seasons, years, and

stations, Abundan'ces were usually greater at Station 6 than

Station I, Taxa richness and Shannon-Wi_ner diversity were

_ also greater at the downstream station, The average pollu-

tion tolerance of the aquatic insect assemblage was signifi-
cantly greater at Station i, possibly due to greater concen-

trations of organic pollutants discharged from upstream

municipalities. None of these station differences suggest

that operations at the Savannah River Plant are uegatively

affecting aquatic insects at Station 6 compared to "control"

conditions at Station I. However, because Station 1 appears

__ to be more strongly affected by pollution discharged farther
upstream, its status as a suitable "control." station is



!
i potentially compromised, Thus, more subtle effects of plant

operations on aquatic insects in the vicinity of Station 6

I may be difficult to discern based solely on a comparison
with Station l,

I Two patterns are particularly striking in the analysis

i of long-term trends, First, the. average x|umber of taxa
collected per trap during the fall has more than doubled

I over the last three decades, while the increase in the

average number of individuals collected has been much more

I modest, This increase in taxa occurred at both Stations 1

l and 6, but no definite evidence exiets regarding what may
have caused the increase, lt is unlikely that this increase

J is merely the result of an increased ability to identify

taxa to the species-level, The increase in taxa richness

may be due to some general change _xl the ability of the

i river to support, a diverse assemblage of aquatic innects.
Second, the average pollution tolerance of aquatic insects

I during the fall has increased by approximately 50_ at Sta-

tion 1 over the last 30 years, whereas it has remained

i steady or declined during this period at Station 6,

!

!

!

!
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APPENDICES

i Average numbers of individuals per trap per station of insects collected
on the Savannah River, 1959-1985.

l Appendix A. Spring collections.Appendix B. Summer collections.

Appendix C. Fall collections.

l Appendix D. Winter collections.
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l number of insects collected
Appendix A. Average

per trap per station On the Savannah
..River, spring 1959-1985.(A) and (L)

l designate adult and larva, respec-tively.
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Appendix B, Average number of insects collected
per trap pe_ station on the Savannah

River, summer 1959-198B. (A) and (L)designate adult and larva, respec-
tively.
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qorrneae =p, $ta, L 0.00 0,00 O,O0 O,O0 O.O0 O,O0 O,O0 0,00 0,00 O,O0 0,00
$ta, S " ....
Sta. e o.o0 o,oo o,oo o oo 0,00 o,oo o,oo o,oo o,oo o,oo o.oo

#pvroeer#wJlm _Jemt_ Sta. | O,O0 0.00 O,O0 O.O0 0,00 0,00 O,O0 O,O0 O.O0 0,00 0,00
9ta. 8 - -
s.. , o_so o,oo o_oo o oo oloo o,oo o,oo o,oo o,oo 0,00 o;oo

Odonata epp, (|) $ta. | O,O0 0,00 O,O0 O.O0 0,00 _,00 0,00 O,O0 O,O0 O,O0 0,00
Stx, S "
SL., ' O,O0 O,O0 0;00 O O0 0;00 _,00 O,O0 O,O0 0;00 O;O0 O;O0

4craReurJa lp, St|. 1 0,00 O,O0 O,O0 0 O0 0,00 O,O0 O,O0 0,00 0,00 O,O0 0,00
Stm. 5
,,.. , o.oo o:oo o_oo ooo o:oo o.oo 0;00 o;oo ooo o;oo o_oo

4JlaeapeJe ep, Stx, | 0,00 O,O0 O,O0 0.00 O.O0 O,O0 0,00 0,00 0,00 O,O0 O,O0
Sto, S - ...... - -
,.. + o,oo o.oo ooo o,oo ooo o,oo o,oo o.oo o oo o.oo o,oo

loeqomeJdem ep, Stm, I O.O0 O.O0 0 O0 O,O0 0 O0 O.O0 0.00 0,00 O O0 0,00 0,00
(, {aefeRaa) lte. S ...... - -,,., , o,oo o.o, ooo o.oo ooo o,oo 0.00 o.oo ooo o+oo 0.00
[JnpePlm *P. Sre. | O.O0 0 O0 0 00 0,00 0 O0 O,O0 0,00 0,00 0 O0 0,00 0,00

5ta. S .....
,,., o o:oo o0o ooo o,oo ooo o:o0 o:oo o.oo ooo o;oo o_oo

He_urg op, 5ta. i 0.00 , O O0 0 O0 0.00 0 O0 0,00 0,00 0,00 0 O0 0,00 0,00
Sta. S ....... - - -
s,,. s o oo o oo o oo o,oo o oo o.oo o.oo o.oo o o, o.o0 o.oo

Pgre(Rel4mR ep. 5ts. l 0.00 0 00 0 00 0.00 0 00 0.00 0.00 0.00 0 0O 0.0O 0.0l
lte. 6 ...... - -
s,.. , o oo o oo o.oo L,oo , , z.- |.++ o.oo o oo o.oo o.o,

PBriea#o pJRrJd+ Slm. l 0 00 0 00 0.00 0.00 0 00 0.00 0.00 0.00 0 16 0.Sl 0.0l
5ta, 6 .....
,ta. i 0 00 O_00 0.00 0:00 0 00 0.00 0.00 |:|S 0 00 0_|I |:S0

Perlldal +_p. 5ta. i 0 0O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.01 0.01
5ta. 0 - - .
5,. , o,0o o_o0 o_oo o.oo o:oo o.oo o.oo o_o0 oo, o_o, o_o,

Ptlrllm7_ ap. Ira. 1 0.00 0.00 0.00 0.00 0.00 0.00 0.0O 0.00 0.0l 0.00 0.0l
5to, 5 - - -

,,a.. o.,, o_o0 o_oo o.. o_oo o.oo o;oo o_00 o,oo o_o, o_,,
TlflJetlrzl Ipp. 511. | 0.00 0.00 0.00 0.00 O.00 0.00 0.00 0.00 0.0O 0.0i 0.0O

|tl. 5 " - -
5,,. , o_oo o_oo o:oo o.. 0500 0+00 o.oo 0500 0,00 05. 050.

#y#ee++btJex op. 5ta. I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(sAltlllplglll) Ill. _ " - _ " ...... " -5,. 0 0.00 0,00 0.00 0,00 0.00 0,00 o,oo o,oo 0,00 0.0o 0,00
CereeJee mpp. Sla, l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00

5ta, 5 " - -5,,. _ o_oo 0,00 o_oo 0,00 o_oo o_oo 0,00 o oo o,oo 0,00 0,00
Chew_repB_¢he epp, Sta. l 0,00 l?,O0 4,60 0,00 2,26 O,O0 0,25 0 00 1,?S 2,00 9,50

sre, 6 - ...... - -
st,. e 0.00 9.5o _.75 _.0_ 0.00 z+_o _4._ Le6o _.6o _.6o _.oo

_h_m_rr_ opp. Sta, 1 0,00 44,00 23.60 6,00 _,2q 0,00 O._g 0.00 O,O0 36,00 14,25
Stm, 5 - -
Stm, 6 0,15 _O.SO 53,75 6,00 13,_0 13,75 tO,SO 13 Z5 2_8,50 241,00 225,25

• _drn_ey_e _pp. Ste, i 0.25 41,87 Sl,?S 47,33 26.00 Z,O0 1.00 40.33 77+00 132,25 2S.O0
stm, 6 - - ......
5ta, Q 4.50 I1.00 10.00 29,33 0,70 0,75 570 12,00 30,00 242.75 18.00

HydropeyckLd&e Ipp, Sri. | 0,00 0,00 0,00 0,00 0,00 O,O0 0,00 0,00 0°00 0 O0 0.00
SLs. 6 - " -
5,,. , o_oo o_o, o_o, 0,00 o_oo 0,. o,oo o_oo 0,00 o oo 0:00

Oydrtpll_l l_, Iii, l 0,00 0.3_ 0,00 1,00 0,?S 0,00 3+00 0,67 0,25 0 ?S 1.60
Slm. 6 ......
,I,. , o.o0 ,_oo o_?, o_oo 0,00 _ o._ 0:00 o_,o | _o 0.00

ieplde_t_w41 ep, Ira. l 0.01 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00
|tl. + - - .....5,.. , o.o0 o+oo 0.00 o.oo o oo 0.00 0.00 o oo 0.00 o oo 0.00

LLBRopbiltdoo epp. 5ta, l 0.00 0.00 0.00 0+00 0 00 0.00 0,00 0 00 0,00 0,00 0,00
mta. _ ....... - -
5ta. 0 e.oo 0.00 0.00 0.00 o oo o oo o oo o oo o.oo 0.00 0.00

#eePe_eem app. 5ta. l 0.00 0.00 0.00 0.00 0,00 0 00 0 00 O,O0 0.00 0.00 0.00
5tl. 5 ......
,,a. , o,oo ._oo 3_z+ ,_._ | +o o _+ | ,o o oo 3,_oo _+o.+o_3,_+o

NII_IIIDIIp+jl Ipl. +_a. | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8ta, + .....
Ira. I 0_00 0_00 2;00 0,00 | O0 0 26 0 50 0 O0 0_50 2,00 23_70

• emreHrJJ_Ja mpp. Ira. L |.00 _.IT 3.?_ 0.|_ |.S0 0.00 0.70 0.33 0.50 1.00 0.00
|Ii. 5 .....
|ta. 0 I_00 |_00 1500 0.32 0100 0 26 4.+0 4_S +0.00 |8_|B e_00
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. Append:Ix B.

Tm.m Y.mr: _974 rg?5 1077 t978 t970 LgsI 1g82 Ig05 1914 Ig06

L_beL|u|ldoe wpp O,O0 O O0 O O0 O,O0 O,O0 O,O0 O,O0 O,O0 O,O0 O,O0' . . - - - O.O0 O,O0 O,O0 O,O0
m 0.00 0 O0 0 O0 O,O0 O,O0 O 50 O,O0 O,O0 O,O0 _.O0

Maerooam op, 0,00 O O0 0,00 O,O0 O,O0 O,O0 O,O0 O,O0 O,O0 O,O0. - - - 0,28 O.O0 O,O0 O,O0

0 O0 O O0 O,O0 O,O0 O O0 0,25 O,O0 O,O0 O,O00,00

-- _evrnt'erdvJJI iIiJeltl 0.00 O.O0 0 25 O,O0 O,O0 O,O0 0,25 O,O0 O,O0 O,O0.... O, 25 O, 67 O, O0 O, O0
0_00 0 O0 0 O0 O,O0 O,O0 O O0 O,O0 O.O0 O,O0 O,O0

Odonnte epp, (I) O,O0 O,O0 0 O0 0,00 0,00 O,O0 O,O0 O,O0 0,00 O,O0, - .... O,O0 0,00 O,O0 0,50
, O,O0 O O0 O O0 O,O0 O.O0 O,O0 O,O0 O.O0 O,O0 O.O0

4eroRewrae op, O,O0 O.O0 O O0 O,O0 0 O0 O,O0 O,O0 O,O0 O,O0 O,O0..... O,O0 0,00 0,00 O,O0
"* 0,00 0 O0 0 O0 O,O0 0 O0 O,O0 0,00 0,00 O,O0 O,O0

1
ailo_npmlR lp. 0,00 O,O0 O,O0 O,O0 O,O0 000 0,00 O,O0 O,O0 _,O0- - - O,O0 O,O0 O,O0 O,O0Iiim

O.O0 O,O0 O,O0 O,O0 O O0 O,O0 O,O0 O,O0 O,O0 O,O0

_O.O0 O,O0 0 O0 0 O0 0 O0 O,O0 O O0 O,O0 O O0 O,O0q lloleleJdll lp, ' ' *

i .... O,O0 O,O0 O,O0 O,O0(=tmolemem) O_O0 O,O0 O,O0 O O0 O O0 0,00 O,O0 O,O0 O,O0 O,O0
mm

_aopor3o .po O,O0 0.00 0,00 0.00 O O0 O,O0 0,00 0,00 0,00 O,O0
O,OO o,oo O,O0 O,oo. . .

. o oo o.oo o.oo 0 0o o oo 0.oo. O,O0 O,O0 O,O0 O,O0

Nemewra mp, 0,00 0,00 O.O0 O,O0 O,O0 O,O0 O,O0 0,00 0,00 O,O0
- O,O0 O,O0 O,O0 O.O0

0.00 O,O0 O,O0 0 O0 0 O0 O,O0 0,00 0.00 O,O0 O.O0

mm PlrlllllJll lp. O O0 0.00 O,O0 O+O0 O,O0 O,O0 0,_0 0.00 0,00 O,O0
.... - - 0.00 0.00 O,O0 O.O0

o oo o,zs 1,67 o 2s o.oo s.so o,Ts o.oo o.oo 2.oo

P.rio+ta pJaeJ_m [ 2S 0,25 O,TS 18.33 13,67 ¢,00 6,00 I,O0 4,87 2,00
.

oa7 l_oo 1.67 I_;OO 2s_oo o_oo 11.oo z4,67 lO.So 3..4oo 4.zs z..oo ooo

Perlidee opp. O O0 0.00 0.00 0.00 O.O0 O.O0 0,00 0.00 0.00 O.O0
.... 0.00 0.00 _ 0,00 0.00

0 O0 0,00 0,00 0,00 0.00 O.O0 0,00 0,00 0.2_ 0,_0

PterJmrcym mp. 0 O0 0,00 0,00 0,00 O.O0 0.00 0.00 0,00 0,00 0,00

] -o_ o_oo o_oo o_oo o_oo o_oo o.oo o,_3 o,oo o,oo0,00 0,00 0.00 O,O0

PIIIlePIPY# opp, 0.00 O,OO O.O0 0,00 O.O0 O.O0 O.O0 0.00 O,OJ) O.O0- - - - - n oo o,oo o,oo o.oo
o oo o,oo o,oo o.oo o,oo o.oo o,oo o,oo o.oo o,,o

m_ O O0 O.O0 O,O0 O,O0 O,O0 O O0 O,O0 O,O0 O,O0 O.O0
#_#ir oph_Ju |p.

(.AjlonophW+a++ - - - - O,O0 O,O0 O,O0 O,O0
_..J O O0 0,00 O,O0 O.O0 O,O0 O O0 O,O0 O,O0 O,O0 O,O0

CerBrJee *pP, 0 O0 O,O0 O,O0 O,O0 O,O0 O O0 O,O0 O.O0 O,O0 O,O0
..... O,O0 O.O0 O.O0 O.O0

mm 0 O0 0,00 0,00 0,00 0,00 0 00 O,O0 0,00 O,O0 O,O0

_+ Cheeai(oRlyehp epp, +,50 |7.25 IS,SO 3,00 34,00 48.50 27.7_ 16,7"S 11,67 37,00
- - 24,50 82,67 341,60 20,00

14 O0 g SO 8 33 2.50 37,00 8 O0 13,7_ 6t.25 251.00 36,00

mm Ch_mlrrm epP, 2,00 4,50 4,25 O,O0 O,O0 O,O0 9,25 3,50 0,67 2,O0

.._ ..... 96,50 407+33 14_,00 72,00
35.23 37,00 Zt 00 O,O0 O.00 38,00 |22.00 445,00 tZ_.OO |go,o0

MyHroffl_che Ipp. 136,50 fi9,25 II,O0 4.67 57,33 20,50 t8,O0 9.75 5,67 4,00

- 5.O0 L.33 2,00 O,O0i 24,00 2 SO S 33 O O0 38.50 O,SO O,O0 |.TS 4,50 O,O0

Rydrepm/chtdle Ipp. 0.00 0.00 0.00 0 O0 0.00 4_.00 3g.00 12.75 9._7 O.O0
0_00 O_O0 O_O0 0 O0 O,O0 39_00 18,00 17.33 48,00 O,O0+,oo _o,. 44,00 o,oo

l lydr,p_l_Ji ep. 0.00 t,50 0,25 O,O0 11,33 2,00 3,76 O,TS 0,67 21.00
- - - - S,O0 O,O0 3,50 2,00. +

_l _,33 3.zs 3,oo o_s 2,oo o.so _,so 4,7s 1,oo o,oo
_J_e_m4_ _p, 0,00 0.00 0.00 O,O0 0,00 O.O0 0.00 O,O0 O,O0 O,O0

- - - o,o0 o,o0 o,O0 o,oo.
o.o0 0,0o o.oo 0,o0 0,0o o.o0 o,oo o.oo O,OO o.o0

mm
. -i LIIme_kllldoe opp, 0,00 0,00 0,00 O,O0 0,00 0,00 O.O0 O,O0 0,00 0,00

..J . - - - o,oo o,oo o,oo o,oo
o.oo o.oo o,oo o,oo o,oo o.oo o,oo o.oo o,_o o,oo

#*tree, eml epp, 0,00 O,O0 O.O0 0,00 O,O0 O,O0 O,O0 0,00 0,00 O.O0
ml - O,O0 O,O0 O,O0 0,00

6_33 7_75 9_0. 0_00 0_50 IS,O0 14,00 O.O0 O,O0 2,00

/*eImP_PeI/ epp. 2.25 1,50 O, SO O, O0 O. 00 O, O0 O, O0 O, O0 O, O0 L, O0

29.33 13_00 11,33 O_O0 0,00 lO.O0 I0,00 1.33 O,O0 3,00_,2_ 5,so |,oo 1o.oo

: #e_re4_JJplda epp. _. SO O, 76 _, O0 2, O0 1, O0 4, O0 8.7S 8, SO O, 33 O.O0
- - 2.00 7,35 Z.O0 4.00

._ 4.33 3,00 L,33 O,O0 13,50 0,00 1,00 9,7S I,O0 0,00
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Appe.1__ B.

.................................................................. ................... ........ ....... ... ......................

TiMe Yeer: [9_9 [961 1962 [983 igR4 Ig6R 1967 Lgs9 1970 Ig?l 1973

......... . .......... . ................ . ................ .----..-..-... ........... . ........... . ..................................

O_reta# op, sri. L 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.33 0,00 0,00 O,SO
Stx. 8 - - - - . .
st,, 8 0300 0100 l:00 2,00 [:?s [.28 0,28 0,00 4,00 0,78 14,00

OxyefhJrl iF, sri, 1 O,OO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00sea, 8 ....

,t.. 6 o,oo o_oo 0:oo o:oo o.oo o,_o 0.00 o,oo 0,oo 0,oo o:oo
Poivceefrepue OF, sri. l 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0.00 0,00 0,00 0,00SLa. 5

,,., + o,oo o,oo o:oo 0:o0 o,oo o,oo o:o0 o,oo o,oo o.oo o:oo
Py_mopey©he sp, Stm, i 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 O0 0,00

Sri, 5 .... .
Irl, 8 0.00 0:00 0:00 0,00 , 0:00 0,00 0.00 0,00 0:00 0 O0 0:09

rrlleaedl# ipp, ata, 1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 O0 0,00
Sri, 5 - . . .

$t.. $ 0,00 0:00 0;00 0_00 0,00 0:00 0,00 0;00 0,00 0 O0 0;00

Total [ndLvidulls ata, [ I?,?S |lg.6? 123,S0 ?8,8? 52,25 13,81 22,00 81,81 142,26 381 O0 341,26
5tl, S .... .

,ta. 8 29,?8 112350[97:?, |75.8? 1033,011[.15 112.,0 152300599:,9 .3 50 |?.:8o
Palterers ata, 1 2,25 102,81 87,?, 52,33 36,?, 2,00 3,50 40,33 _8.18 |78 50 53,00

Stm, , - - . .
,tj, _ ,.2, 8,:0012|,2, 44:3353:?, sl:so 81,'?,llO:OO5|13. 8,8oo1450,00

Predators ata. 3,00 1,00 0,25 2.33 1,25 2,00 5.00 9,33 4,_0 35,75 53 50Stm, 5 . '

s_a. s 4,00 9.00 2 oo .5,00 8:s0 4.25 5.50 4._0 5,,00 13:28 s3.75

Ostherirs Stx, 8,25 6,33 31 O0 |4.33 10,00 9,33 8,15 [2,33 0.00 10,25 56 25sri, .. . . . . .
ats, 6 13,50 11,50 69 28 ll?:O0 39,25 23,00 10.00 2I:SO ,8,50 99,16 149,25

$hreddera $tl. 0,00 0,00 0 O0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
sri, . . .

,,.. , 0:00 0,00 2oo 0:00 1:00 0,2_ 0:_0 0:00 0:50 2,00 2_:75
Otbira sri, 4.26 9,81 4.50 7,8? 4,26 0,33 4,15 28.81 53,60 ?§.80 184.80

Stm. 5

sea., 7:00 5.00 3:26 9,33 l:oo 2,?5 8,. 9:80 29,0059,80108,?6
TaXi ltcheeal sri, 8,60 9.00 O,TS 9.33 8.26 5,00 9.00 9,61 8.60 lO.SO 10.78$t8. 5

,,.. , to:oo to:oo L=,. _3:871o.28l|:. |4,. x2:. 18,oo15:?518,?8
$bimnoi-mtemer Stx. 1,60 1,43 1.31 1.4? 1.58 1,84 1,8l I 40 0 9| 1,89 1 56Sae. S - ' * '

$|,. 8 |:?o 1.52 l.,, |:92 1.83 148 1.9, i:?+ |:?5 l.,, 1.,
lvenaiae Stx, O,l_ 0,91 0.63 o.se 0,76 0 02 0,84 0 86 0,43 0,72 0,86

Stm, 5 - _ '

st.. 6 0.84 0.88 0,?_ 0,74 0.72 0 _1 o,+s 0,88 0,. 0.77 0:82
|tO[lC Index sri. l 2,75 2,11 1,70 l,?, 1,91 I 3l 2,49 2.08 2,12 1,89 1.96

Stm, 5 - - - - . . . .
Stm, 6 2.05 1,78 1.60 1,82 t83 i 81 2.17 1.9e 1,68 1,74 1,88
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qum

m Text Yeer' 1974 1975 1977 1978 1919 1964 1981 1983 1984 1988
J ....... ....------- .... . ............ . ...... . ........................................... . ...... ... ..... ............ ...... . .....

0,00 0.50 0,00 0,00 0,00 0.00 0,00 0,00 0,00 _.00
O_rpt## JP, . - 3,00 3,87 0,00 _,00

16_8_ s oo _,oo 0,00 o:_o 0,00 _,_5 14,oo 0,00 4,00

I ovw_tro ep, 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00- 0,00 0,00 0,00 0,00. °

0.00 0 O0 0,00 0,00 0 00 0,00 0.00 0,00 0,00 0,00

pel_©emtropum sp. 0.00 0 00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

.... - 0,00 0,00 0,00 0,00
0.00 o oo 0.00 0.00 o oo o,oo o,oo 0,00 0.00 o,oo

P1ceepew¢_e sp. 0,00 0 00 0,00 0,00 0 00 0,00 0,00 0,00 0,00 0,00
.... 0,25 0,00 0,00 0,00

0.00 0 25 0 00 0,00 0 00 0,00 0,25 0.00 0,00 0,00

rrJleRodee IpP, 0,00 0 00 0,00 0,00 00 0,00 0,00 0,00 0,00 0,00

0

' - t,00 0,00 0,00 0,00
0,00 0.00 0.00 0,00 o oo 0,00 0,00 0,00 o,oo 2,oo

?oiml (ndivLdvn18 329,50 224.25 123,50 66,32 194.67 173,00 233,25 202.50 |58,00 377,75

. . .

943,33 ?39,75 230 33 52:00 158:50 =04:00 347,7_ ns,oo 646,s0 280,08304,75 847.00 791,78 589,50

rflterera 186,50 98,00 r30 75 7,8? 9t,33 tt8,O0 94,00 42,78 29,87 41,00
144.00 513,33 520.80 g4,00

898,33 489,00 92 67 2.50 78,00 108.50 182,80 547,28 420,50 240.00

Predlter8 38.75 12,25 14 00 27,33 46.87 10,50 24,25 3|,80 21,33 53,50
- - - 37,25 52,87 34,00 40,25

42,00 36,28 3) 33 24,00 28.50 19.80 28.75 48,25 81,25 30,50

Ontberers 51,00 80,00 59 50 27 33 37.33 21,00 fl9,25 98,25 76,33 _5?,2fl

_2,,00 _.:28 71:33 2478 32:,0 .:00 134,,0 2.,00 i.,80 I08,78
94,75 188,50 233.00 217.00

Shredder| 2.25 1.50 0,50 0,00 0,00 0,00 0.00 0,80 0,00 _,00
11,25 1.87 0.00 3,00o

28 3_ 1_.28 ls._3 o on 0.00 lo.on, 5.50 5.50 1,00 12,00

Otberm 54.00 32,50 18,75 4 O0 19,33 26,50 2_,75 31,00 27,61 120,00
.... 20.78 74,33 92,80 37.00

. 49.67 38,00 23,67 0 75 19,50 18,00 13,28 83,80 78.00 90,00

?uxm lichnoxn 12.50 14,75 14.00 10,87 13,33 18,50 16.78 17.25 18.l? 13,78

18.33 10:75 23:00 8:00 12.00 23:s0 17,75 Ig,_3 18.s0 ie.78
19.28 19,00 18,00 19,50

Sheeuon-Wteeer 1.75 1,68 2,14 1,80 2.04 1,97 2,40 2,32 2,25 1,28

1,60 1,83 2,50 1:sl 2:03 2:5_ 2,I? L,gg |,95 _,142.14 1,96 2.19 1,81

t 8vennean 0,70 0.70 0,81 0.77 0,79 0,72 O,OS 0,8| 0,82 0,?i
. - o,7s 0,68 0.71 0.78

o.ss 0:62 0:80 0:78 0,. 0,81 0,73 o.s? 0,7, 0,61

ltotlc Index 2, 11 2,01 2.01 2,20 2,45 2.89 2,29 2,28 2.03 2,53

] 1,, 1,? 18, 16. 2:38 1:7, 188"415615822?2118,1,0
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I Appendix C. Average number of insects collected

per trap per station on the .....

i _ Savannah River, fall 1959-1985. (A)and (L) designate adult and larva,
respectively.
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Append:ix C.

?Uo Tier+ LI(II LOlL LOI| L913 tliI4 LHII LIlT 11411 LIfO LI?L LIT_I 1t'1'4 li'PI

mFrtdlpl BaJtJaPlllM (li III+ l 0,00 0,01 0,01 0+00 0,SI 0,0I 0,_O 0,01 1,01 1,01 0,0I 0,51 0,0IIll, _

,,.., o_oo o+- o+,, o5. o_oo I_oo o,oi o_ol +_+,10_o, o,o 0,0o ooo
lemM lp. (1,_ III. I +.Of 0,0I 1,01 0,0I 1,0I 0,0I 0.00 0,01 0o0I 0o01 0,0I 0 01 0 01

III. I - " - ' '

,,.. o i_. o_. I,. o_oo I,oi o_oi o.oo o_o, +,. i_i. I_oo o,oi o+oI
/JJOPgIM tAp. (I) ' Ill. l I,II I,Ol O,0I 0,0I 0,0I O,dll I00I O,0O 1,0I 1.0I O,00 0 0O 0,0ISlc. li -

,,.. , +,oi o_o0 o_oo o_o0 o_Ii o_oI +_ol o_oo o_o. I_Ol o_o. o_o0 o_oo
IrYolldOo ipp. Irl. L 0.01 0.0I 0.01 0.01 0+0I 0o0I O.0I 0.01 0.01 I.Ol 0o01 0.00 0.O0

Iii* 5 ....

St,. I O_0I 0_00 0.0I O.0I 0_II 0.01 0.II 0.0O 0.0O 1.0t O_01 0.Ol 0_0I

8fliLlleidl41 IPP. (L) JILl, L 0,0I 0,0I 0,0I 0,0O 0.II O,|J , 0,0I 0,01 I,0I 1.00 0 01 0 00 0 0Ist., s . . . . ' ' ,
,,... o_oo o_oo o_oo o,o0 0.. o_II o,. o,. o,. ,,.. 0,o, o,o0 o_o+

+

lfllllldllol lppo (ii Irl. t 0,_10 0,0I 1,0I 0,01 0+ZI 0.SO O,0I O,0I O,|I I,IO 0,_I+ 0 00 0,00III. | ...... '

at,. o o_ol o,oi o,oI o,oi o,oo o_at o_oo o,oo o,o0 I,OO o[oo z,oI +o,o0
ILIIdM Ipp. (k) Iii. L 0°0O 0+0I I.ll O.II 0+0I 0.00 Oo00 0.OI O.O0 0°t0 1.35 I.01 0 00Ill+ S - -

,,.., o,oi o,oi ,,. o_oI o.oi +_oo o_oo o,. i_oo o.o. I,OI o,. i,o+
IllldOe Ipp. (l) Iii. 1 4.50 5.Ol L.II l.OI 1.0I 0.SI L.OI 0.0| 0.li |oIT I.Ol O Oi 1.0I

Ill, _i . . °. .
,,.., 3_. +,,,, ._,, ,,. L,_oo3,,, ,_,, ,_,o t'. ,_. o,oo o,o0 o,.

,,.-,,-... <,_ ,,.., o,oo o,oo o,oo o,l. o,Ii o,oo t,oo o,oi o,lo o,oo ..oi o,i. I,IO
Ill, l .... .

|II.. 0_0I 0_0I 0_00 0.0I I_0I 0_I, 0+0I I?,I O.1O I.O0 I.OI 0.OI O?00

g_Plnio_o epg. <L) Ilo. _ 0,00 0,0I 0,01 0,01 O.0I 0,00 0.0I o,oe o,oI I,Oi I.OI o oi I,l_ill+ o -

,,.. , o_o0 o,oI o_+o.o,. o_oo o_oo o_o. o_oo o_I. o.oo "II I_OOo+oo
,.,L.L,_...., ,,.. , o,oo o,oo o,ol o,oo I,. o,oI o+o0 o.o, o.Io i,i. ,.. o,oo I,oi

Ill. 9 - - . .,

,,... o_oo o.oI 0,0. o.0. 0.0. o.o. ,_0. o,oo ,?H I.OO o,.. ,_o, o_o.
lelodiiao ii. C_) lte. i 0°00 0°01 0+.01 0.II 0.OI 0o01 1.00 I.0I O Oi 0.1t l.iI 0.01 0.OIsee. s - . . '. . .

,,,. , o_ol o_oo o_Io o,oi I_o. o_o. o,o, o,. ,,oi o_o. o,oo o,oi _oo
lydreHiiidoo ipp. (I) Jill. I 0.01 0+0t 0.II 0.II I.OI O.II l.II 1.0I 0.II I.II 0°0I 0.OI 0.di|Ill. 6 .....

,,.. , o_oo o_oI o_o. .,. o_,. o,,o o,. o_oo o,oo o.o, o'oi o_oo o'oo

nyiiPal_llil+llllo ipp, (L) Irl+ i O,00 0.Of O°0O O,II l,II Jill i,0I 0+0O O,OI 0,OI I+II I IIII 1,0I|II. 5 ......

n,,. o o,oo o,oo o,oi o.oo o_oo o,oo o.oo o.oo o,oo o,oe o,oi o,oo o_o0
Vo_lteJj_rlu IddrePgJ Illl. L 0°01 0._| 0.Ii g.0I 0.00 0.00 0o2S 0o0O 0.0I I.01 O Oi 0.lO 0.01I'+_) Sill, 9 - - - . . o

,. , o_os o,oo o,oo o,oo ooo o+ol o,'ooo_ot o,ol I oo o,ol o,o, o_os
SPea+l+IJe ipp. Sill° I 0°II 0°00 0,0I 0,00 0°00 0 0I 0,00 0,00 0.00 0 0I 0,35 0,00 0,q_l

Sri+ 5 ...... . . . .
sri. ii 0.00 0 O0 O,OI O,O0 0 O0 0 O0 0,00 0,00 O,OI 0 OI 0 OI |,00 0,00

rrnp_llt_rllU41 IJeller 41111, 1 0,00 0,00 0,00 0,00 0 O0 <1.00 0,00 _).00 0,00 |,00 O O0 O,O0 0,00Sls. S

StR. II 0,00 0 O0 0,00 OiOI 0 OI 0 O0 O,O0 0_00 O,O0 0 O0 0 O0 0,00 0°00

,Ot_per,_ sp, Its, l 0.00 0 00 0,00 0,00 O 00 0 00 0.?'_ 0.00 0,.+5 0 00 0 00 0,00 0,0O
Sls, 5

,le,. 0_00 0"O0' 0_00 0_00 0_00 O'00 0+_00 0_'O0 0_00 O'00 0 00 0_OO 0_00
+

+ls,rOnOlelSae ipp, Sl+Is, L 2.50 O.OI O.SO 13.00 _o7+t ? O0 O,?S Iq. O0 2,50 29 33 4L,O? ll,O0 S,O0
|silo 5 . . . o

,,li. I i,. o.oo ,,. _,_os _,I ,oo ,,, +;.oo ,.,, ,0 oo ,s +o ,,_oo ,_,,
IPiyirtdeo .p. Jill. i I.IS I.II 0.OI g.01 I.OI 0 00 O.00 0°0I 0.Ii O 0I 0 00 0001 0.0I

Jill. I ....

lit. I I.SI t_II 0 00 0_OS 0.0I 0 00 O.01 O_0I 0_0I 0 0S 0 01 0_0I O[II

lePo_ro4ele ep. Iii, I I,SO O.II 0 OS O.OI I,OI O.OI O,OO O,_S O,OI 0 OI O,OI O,OI 0.35
Ill. S -
,,..i ,_,. o.oI oo. o_oo o_oo IIi o_o. o_oo _,. Iii _s o_ol o.oi

N_leoLdol (L) 8tj. I 0.II 0.0I 0 01 0.0I 0.0I 0 00 0.01 0.0I 0.00 0 00 0.0I _ _+ 0.00
Itl, I - .

Jtllo I 0701 0_0I 0 00 0_0I 0.00 0 00 0_00 0_0I 0.0I 0_00 0.0I 0.0_ 0_0I

0rtbee|edlts_4 ipp. Itl. I _._9 1.01 0 Sl |.0t 0.0I _ 0I 0.00 2.qI 0+_$ J.33 3.3_ 0.01 LI.II
SIll, 0 ..... .

st_. e o.zo o,oo o oe _ 3m o,oo o e+ 1_3_ _,oi o,oo _+,se to_oo o_oI ++oi

PIJNjell Ipp. Irl. L 0.0g 1.0t 0.00 0 00 0.00 0001 0.00 0001 0.00 0.0I 0.00 0.00 0.0IStSo $ . .

•.., "II o_ooo_oi o. o. o. o_ooo_oso_ooo_oI o_o, o_oot_oo
"'"".,, ,,,. _ o+o, o,. I,oi IIi ,,. oo, o,oo o,oo o,oo o,oo =,. OoOio,,,

|Sl. _I . .
,I.. , ,',, ,,_. ,_,o ,_oo,..,o _,** ,,_. ,,_,oL+,_IO,,_,, :,,_,o o.. ,.,,

Pa_wu s_. Stll. I e.ol o.oe o.oe o.oo o.oo o oi e.oo o.eo e.oe o.ee e.oo o.oI e.evIIi. S ,.

,,.. I i?. o_ooo.o. o_ooo.oo Iii o.oo o.oo o.. o.oI o.. o_oI o.t.
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?a.8 Y.er: t976 tg?T _97e 197_ _9_T 198_ 1913 t�n4 L986
Am_yre#FN _grtqqo_U# (4) 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00o,zs - - - I,oo o,oo L,oo o,oo

o,oo o,oo o,oo o,oo o.5o 4,oo o,oo, L,ST 0,00

_m_ Jornse, g ep, (L) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00o,oo - o,oo o,oo o,oo o,oo
o,oo o+oo o_oo o,oo o_oo o,oo o,++ o,oo o,oo

IjIoiIIPLIO Ipp. (6) 0,00 O,OO 0,00 0,00 0,00 0,00 0,00 0+00 0,00

+_ o,oo - o,o0 o,oo o,oo o,oo
o_oo o,oo o,oo o,oo o,oo o,oo o,oo o,oo o,oo

,+

Oryeptdae app. 0!,00 O,OO 0,00 0,00 0,00 0,00 0,00 0.0_ O,OO
0/_00 - 0,00 0,00 0,00 O,OO

,oo o,oo o,oo o,oo o,oo o,oo o,oo o.oo o,oo
__ OVItoeLdRo epp, (L) ,00 0,00 0+00 0,00 O,?S 3,S0 2,26 _,00 0,00_fi.oo +,,, 0,. +,+0 0+.,oo 0,;0 100o o,+o o+oo _,oo o,,0 ,,. o,oo//p.

6yttoeldoe Ipp. (A) /i_,O0 0,10 0,00 0,00 3',50 0,50 O,OO 0,00 0,00

Ho.:, o,oo o,o0 o,oo o,oo
++/0,o0o,_o 0;o0 l,i_ _;+o 0,oo 0,o0 o.oo o,oo

1Lm(die sPW. (L) O.OO O.Ol 0.00 0.00 0.00 O.Ol 3.01 O.OO I°OO
o,o0 - o,oo ,,_s o,oo s.zs

/ o.oo o.oo o,oo o,oo oloo , o,oo s,Te o,oo _.e,
/

"_ R|lldae app, (A) 0,00 O,Z§ 0+00 0 00, O+O0 0,00 +..OO 1,00 0,00
0.00 |.,0 l,Z, 4,50 0,00
0,01 1,26 0;00 O i? 0_00 S,0. 0,00 |,00 0.00

Oyrtlldlo IPll_ (4) O,OO 0100 0,00 0 O0 0,00 O,OO O,OO O,OO O,OO
0,00 , - - " - O,OO O.OO 0,00 O,OO

O,OO O,OO o.oe o oo o,oe e,oe o.oe o.oo o,oe

i

Oyr_ntdno epp+ (_) 0.00 O,OO 0,00 I O0 0,§0 O,OO 0,00 0,00 I,S|o,oo o,oo o,o. o.oo s,oo
.... o,oo o:;o o_oo 2;o o_+o o,o0 o,o0 o_oo I,.

"_ ll|kp|tdeo opp. ' ] O.OO 0.00 0.00 0.01 O.Ot O.O0 O.il O.Oi 0.0t/ o,o0 o,o. o.o. o,o. o,0.
_ ' o,. 0,;0 o_oo i,;o o_oo o,o0 o,o. o.oo o,.
mm /

lolodtdoe op. (L) O.OO 0.01 O.OO O.Ot 0.06 @.01 loll O.OO O.Ol
0.00 O.O0 O.OO O.OO i.O0
0.00 0°;0 0_00 0.;Q O_O0 O.O.OO Oe 0.00 O.OO

lldropkLLLdso opp. (&) 0.00 0.00 O.OI 0.00 0.00 O°ll O.OO O.O@ O.OO0.00 O.Ol e.,l O.OO 0.1)41
O.OO O.;O O_OO 0.;0 0_00 o.oe o.oi o.oo o.Ot

Nydropht|kdeo spp. (_) O.O0 0,00 0.00 0,00 0.00 0,00 0,00 0.00 0.00

0,00 - - - - o,oo o,0o o,oo o,ooo,oo o,oo o.oo 0,oo o,oo o,oo o,oo o,oo o,oo
Moebrlmyejgg IJlbPllgl 0,00 0,00 0000 0,00 O,OO 0,00 O,O0 0,00 O,OO

,A_ 0,00 - 0.00 0,00 0,00 0.00

" 0.00 0.00 0100 0.;0 0_00 0.00 0.00 0.00 0.35

$1emeJlJl Ipp. O,SO 0,00 0,00 0,00 0.00 0,00 0,00 0+00 0,2S
2,00 - - , -+ o,oo o,oo o,oo z.so
_,zs o,oo 0.00 2+_ O,T+ o,oo 0,00 o,oo t,_3

Tr_paoeePge8 G_I_/ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o,oo - o,oo o,oo o,oo o,oo
o,oo o,oo o_oo o,oo o,oo o,oo o,oo o,no o,oo

At&mpl# mp, 0,00 0,00 O,O0 0,00 O,OO 0,00 0,00 O,flO 0,00
0,00 - - - 0,00 0.00 0,00 _,00
0,00 0,00 0.00 0,00 0.00 0,00 0,00 0 00, + 00,

e+pp. 19,+0 11,76 31,70 32,00 13,00 6_,26 7,7q 93,00
Chi ronomille 24.'50

ti,_O - - - - L2,75 13,25 _0,00 99_,25
43,06 LO.tS LO.OO 9,00 _?.00 14,00 tl,50 43,00 42,00

_pky4rtdle op, 0,00 0,00 0,00 0,00 0,00 0,00 0°00 0.00 0,00

O,O0 - - 0,00 0,00 0,00 0,00

o.oe o,oo oloo o,oo 0,00 o.oo o,oo o,oo o.oo

I_dJ ap. 0,00 t,O0 I,?S _,00 O,ll S.SS S.O0 2,00 3,00
o,oo - +,so o,so z._o o,oo

, o,s+ o.;o o_so o.oo o2ao o,oo o._a _,_ o.oo
II_Jeoldoo (k) O.OO 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 O.OO, o,oo - - - . o,oo o,oo o,oo o.oo

-- .,oo 0,0. o.oo o,oo oo0 o,oo o,oo o.oo o.oo
OPlkoalndilnoo epp. ll. SO 0.51 9,SS I,SI 12,?S 8.?S ll,+O I,SS IO.O0

.m 1,00 - ?,li ll,O0 IN,lO If,SI_.,o0 .,+s o_oo _,+. +_z, +,+_ _,oo a,.++ .,oo
_ +..,...,..... o,o. 0.o. .,oo o,oo o,oo o,oo o,oo 0,00 o,ooo,oo - - - o,oo o,_s o,oo s,oo

0.00 0.0_ O.OO 0.00 O.OO 0.00 0.00 I.O0 0.33

_" /JapeJ Jn_ eeV. T,OO 0,00 0,00 o,oe o,oo o+=s l,oo o.ss 3,oo
I,IO

_ ,,oo ,.;, o_oos,i, 0_,004,,,_,,,,_,,.o,o.o,ooo,,,.,o0,,.
re6o4_ op. o.OO 0.o1 o.oo o.oo O.o0 o.0o O.OO _.00 0.00

,.o, o.oo o.oo +.oo o.oo- _,oo 0,;, o_o, o,;o o_o0 +,. o,o. .,. o,oo
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Appendix C.

?nMn Yenri 1900 LeO! 1963 1903 1904, |960 tOO? tSOO |g?O |0_t t073 L074 tS?O--,.,,,..................... ....... _. _ _..........

,.................,,.., ... _. ...... ,,,,.... ,.......-....................

?mnwpmlllmme epp, Ota, L 0,00 0,00 0,00 2,00 t,O0 3,36 0,00 1,79 0 60 4 00 LS O0 4,00 ,Stm, 5 ' ' ' I 07

,,., lee ooo o[. 0;. ooo t;. oT. ,[,o 0;,o ,,;0... ,oo ,oo
rtpule opp, lte. 1 O,OO 0,00 0,00 0,00 0,00 0+00 O,O0 O,O0 0 O0 O,O0 0,00 0,00 0,00Stm. $ -

,-, . 0,oo o[oo o[oo o[oo o[oo o;oo o,oo o,oo o[oo _,oo o,oo o,oo o,oo
l|etLdam |.p, lte. L 0,00 t,SO t,50 O,SO 9,30 0,75 0,00 I TS O,qO 1,33 3,33Stm, S O,_O 0,87

,. , o. t7o, L;. 313, o;,o o;,, z;. 2;,0 4;-- .;,o .;,o ooo Lo;,,
_4emam mp, Stm, 1 0,00 0+00 0,00 O,O0 0,00 0,00 0 O0 O,O0 q,O0 0 O0 0 O0 0,00 ,Ota, S ' ' * 0 O0

" o . .

,*.,, o,oo o_ooo200o,ooo,ooo;oo o_ooo,oo o;oo o,+o o,oo l_oo o,oo
CJllJ&eetle mp, S,a, I 0,00 0,00 0,00 0,00 0,36 O,O0 0,00 0 O0 0,00 O,OO 0,00 0,00stm, 5 . ' 0,00

,., o o,oo o;oo ooo o,oo o,oo 0;0o o;oo o oo ooo o;oo o,oo o,oo o;oo
IJlm_rmjJm Ipp, Sri, | 0,00 0,00 0,00 0,00 O,O0 0+00 0,00 0,00 0,00 0 O0 O O0 0,00Stm+ 5 ' ' 0,00

St.+ O 0_00 0;00 0700 0,00 O_OO 0_00 0_00 0_00 0;00 O;OO 0100 0;00 0;00

Im#tm_maJI mpl, Stm. L 0,00 0.76 1,00 1,35 t,|O 1,00 0 30 O.NO 0°|0 0,00 0,33 0,00 ,Stm, 3 * 0 O0

st,, 0 o,oo o,33 z°e, oloo zToo 17oo o,00 lee 3_,s o,oo o,0o o,. 17oo
fleiVrljl Ipp, $tl,| 0,00 0,00 0,00 0,00 0,00 0+00 O,O0 0 O0 0,36 |,OO O,OO 0,00sri, S * 0,00

,,.,, o,oo o;oo ,,;oo _I;. 04;,0 401. 3.;oo 23:00.,,,, .,,_o. ,,,_. o_oo,I,OO
AmPtglPOloOJm Ipp° Stf,, | 0,00 0,00 0°00 0°00 0,00 0,00 0°00 0 O0 O°O0 0,00 0.01ata, S - ' O,OO 0,00

,,., , o,oo o_oo oloo o;oo o_oo 0;00 oi. o;oo 0;00 o,o, 0,0o o_oo o,oo
PmrmjleilllelPdl/41_lldl mpp+ Sit, t 0,00 0,00 0,00 0,00 0,00 0,00 0 O0 0,00 0 O0 O,O0 O,O0 0,00s|n, 5 ' ' O',O0

- . . . . . .

,-. , o,oo o,oo 00o o,oo 070o o_oo o,oo o;oo o,. o,. o,oo o,oo o_oo
$+ellNIm Ipp, III. L 0,00 L.O0 0,00 3,3S O,?S 0 SO 9,30 I 90 3,00 1.23 t,O0 4,S0 0,0?lte. 5 - ° '

,,. , o0o 1,1..7. 2,_,+ ,70, ,_,, ._oo 00o 1,7. eole,to,i,, .oo ,_,o
rr+omrYlidJ_fel ipp. Sri, | 0,00 0.00 0,00 O.O0 O,lO 0,00 0,20 0 3O 0,|0 0,3) O+IT 2,81 3,3_Iii, S . *

,,. , 0;. o. l;,, ,7. ,. ,oo 03, ,7oo ,[,, ,ilo, ,,To, ,70, 07.
ieJ_tm filllilml |tj, | 0,00 O,OO 0°00 O,OO 0,00 O°OO 0.00 0,0@ 0 Oi 0.00 O.Ol O,Oietl. 6 ' 0.00

,,., , ooo oloo oloo o_oo07. 07. ooo oloo 07. 07. 07. 07. oi.
PeJmmerj8 feQormlml Stm, | 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 O,O0 0,00$tl. 3

si,, 0 o,oo 0,oo o,oo o,oo o,oo 0200 o,oo o;oo ooo o,oo o7oo o;oo o,oo
PP_ PIII4PIPI MI rm_m _tl, O,O0 0,00 O,O0 0,00 0100 0,00 O,O0 0,00 0,00 0,00 0,00 0,00 0,00Stm,

St.. 0 0,00 0,00 0,00 0200 0_00 0_00 O,O0 0100 0,00 0.00 0100 0_00 0700

CimvJJedei ep, sri, 0,00 0.00 0,00 0._0 0,00 0,00 O,OO 0 O0 0,00 0,00 0 O0 0 O0 0,33sit. S ' , ,
' . .5tta, 6 0,00 0,o0 0,00 0,00

o.oo o.o0 0,00 o,oo o,oo o,oo o,oo o_oo o,oo

Corwdljie eermmtum Sin, 0,00 0.25 0.00 0,00 0,00 0,00 _,25 0,00 0,00 0 00 O O0 0 O0 0,00$tl, ' ' ,
sri. 0,29 0,33 0,00

0.00 O,O0 0,00 0,00 0,00 O,O0 0.00 0_00 0,00 3,00

N;(rnnle sp. Sit, _,00 0+00 0,00 O,O0 0,00 0 O0 0 O0 0,00 0,00 0,00 0,00 0,00 0,00Stm, 5 ' '• . +

,t., 6 o,oo o,oo,o;oo o;oo o;oo o7ooo,ooo,oo o,oo o,ooz;oo o7ooo;oo
(,'ilmmeim ep, sri, 0,00 O,O0 O,O0 0,00 0,00 0.00 0,00 0,00 0 00 0,00 0,00 0,00 0 O0Iii, - . '

51.. , 0,00 0,00 0,00 0100 0_00 0,00 0100 0,00 0 O0 0,00 0_00 0_00 0,00

AelNnidm. Ipp, ALl, 0,00 O,OO 0.00 0,00 O.O0 0,00 0,00 O O0 0 O0 0,00 0,00 0,00 0.00Stm, $ - ' '
- _ . . . .

' iii. l 0,00 0,00 0700 0700 0700 0700 0,00 0.00 0 O0 0,00 0700 L,O0 0700

+ride ipp, ltE. I 0.00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0 O0 0 O0 0 O0 0 O0 0,00stm. O ' ' '
. . . . .

,,.. , o,oo 17ooooo o,oo 07,0 o,oo oTno o,oo o oo o oo 11. too 07o0
RffP#PII I_, _ll, I 0,00 0,00 0,00 0,00 0,00 0 O0 O,O0 0*00 0,00 0 00 0,00 0,00 0,00lte, I - . '

Iii, 0
0.00 o.oo o,00 o.oo o,oo o,oo o,oo o,oo o,oo o oo o,oo oToo oizo

Ceeepeery_ epp, $1e, 1 0.00 O,2S 0,00 0,00 0,00 0,00 0,00 0 O0 0,00 0 O0 O,dO 0,00 0,00Itm. S - '

,,..o ooo 17oo o oo o7oo °7. 0oo 0,oo ooo o,oo ooo 0,oo o,oo oi.
Coemmlrteetdle ipp, |to, I 0,|6 0.00 O,SO 0,00 0,00 0,00 0,$0 0,00 0,00 0.33 0,22 0,00 |,00Itl, 6

,i., , o7oo o;oo o;oo oToo oi. o_oo oToo oToo 07. 17. 37,, oi. 17,o
Re/eeJml brm_+etpJee lte. | 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0,00 0 O0 0,00 0,00 0.00 0,00Sre, $
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o. o0 _.ao 4, _o ]. 6o 6.33

i L3.06 o.oo o:so 4.00 s_,6 4.03 0.60 0.0, 4.33
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Appendix C.

m

Tara Y.art |900 Iq_l 1962 t98_ [q64 |986 [gA? I_q9 1970 197| [973

O._Vle sP, |ta, 1 0,00 0.00 0,00 0,00 0,00 0,00 n O0 0,00 0,00 0,00 0,00
Stl, S , - -
St., 6 0;00 0100 0;00 0,00 0,00 0;33 0,33 0;00 4120 2;50 8T26

Ovb.e_fra up, Stm, I 0,00 0.25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
St•, S * ..... - -
stu, s o,oo o.oo 0,00 o.oo o.oo o.oo o.oo o.oo o,oo o,oo o,oo

Polveeetrmp_J sp, sri. 1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
St|. 5 ......
s,,. , 0.00 o;oo o_0o ooo _';oo o.oo 0;00 ooo o.oo o.oo 0.00

PYrmopey¢8e •p, sri. 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 O.OQ 0.00 0.00
Stm, S ....
st... 0,00 0;00 0.00 o oa 0.00 o;oc o;oo o oo o_oo o_oo 0;00

rrJaemedee app. ats, I 0,00 0,00 0',00 0 O0 0,00 0.00 0,00 0.00 0,00 0,00 0,00
Stm, 6 ..... -
st,. 8 o,oo o oa o.oo o oa 0,00 o,'oo 0,00 o oo o,oo o.oo" o,oo

?ot=1 Individual• Stm, ] 40,_0 103.80 ISB,O0 Sfl 2fl 6|.00 62 00 136,25 88.00 49,60 171,33 102,07
gta, 6 - .

sto. e so;so 2021=3 42,;oo 2o1_oo _.s,oo z,4 .7 3OOT,, ze= oo lSel_?S ZOeT_SO1e22.S0

rilteror• Ste, L 33.75 90.50 143,00 34,70 41,25 31._0 123.00 48,76 36,00 88,33 32,00

sre,s,.: 42_2,20,_00330_87,2,_3,313_0028,'872_3_002.T,o10,_2,1,,,_001884,_,
Predator• St8, 1 0,7S O.?S O,SO 2,00 1,25 4,00 1.50 2.00 1.00 4.33 15.87

sre. S - -

s,. 8 2;00 2;. 11oo ,Too 2oa z oa ,;oo 7T,o 13;?a,o;oo 3,_?,
Oet_eror• Ste. L 6.75 9.76 4,_0 7.50 23,25 4 76 7,2_ 6,00 6.00 15,00 0.33

Sts. 5 . - .
St., 6 3;75 42;87 73;00 _7167 2560 11 87 58;33 32;00 41_00 147,50 230;50

Shreddero sri, | 0,00 0.00 O,OO O.SO 0 O0 0.00 0,00 0.00 0,00 0,00 1,00
$t8, S ....
SLs. , 0.00 0?00 0;33 0_00 0 O0 0_33 0133 0_50 4,26 Z_SO 40,00

Other• Sts. 1 ?.26 2,60 7,00 13,S0 2 26 11,75 3,qo 11,25 0,00 63.67 46,01
Stm, 5 ....

St., 6 10_00 0,00 10_00 37,00 3 50 IS_O0 LO,O0 25160 40,60 172150 00100

?naa lichaeoo 3te. I S,TS ?,75 7,00 0,?6 ? 50 9,00 7,60 7,76 7,75 9,07 0,17
Sri. S -

,t,. 0 ,., -,133 121, 1,133 1110014.00 !,133 1410013_?,10100,17,
Skmmmom-ekemor Sri, 1 1.22 L.O0 0.91 1,45 1,59 1,50 0,09 1,34 1,20 1,71 1,44 ;

sea. 5 ......
St.. 8 1 12 1122 1,00 1,01 1206 11_6 2,00 1173 1,00 1,81 1,68

|w*nooeo Ste. 1 0.70 0.54 0,49 0,00 0,80 0.72 0,40 0,60 0,64 O,?S 0,72 ,
Sto. S - ....... - -
st., 8 o.70 o.so 0,70 0,88 o.44 o,_9 o,74 o,. o,61 o.05 o,el

O¢ottc Indan Stm, 1 2.44 1,30 1.30 1,81 1,49 2,28 1,92 1,90 2,28 2,42 L.86
sre. S .... - -
stm, 6 1,00 1,37 l,nl 1.84 2,13 I 69 2.27 1.50 1.76 1.74 1,82 )

b

|

108

..



I A_pendix C.
..........................

I T_ Y_mr ly_i Ig?_ Ig?R 197_ lq?R lqT'! lqRl lqR_ [993 lqq4 [qB_

...................................... -. . ..... _ .,.. .........................

, 1,00 0,33 0,00 1,50 0,00 0,00 0 :" q 75 4,00 O,O0 4,00
O.rptle mp, . 27_ _ 25 lO,2S 400 02_

o:o0 2.7s o oo o,_o _,oo t.67 l,:s 4,00 7,_5 I,_3 a,33

I O,v_thlre rp, 0,00 0,00 0,00 0,00 0,00 0 O0 n O0 0,00 0.00 0,00 0,00

. . 0,00 0.00 0,00 0,00 0 O0

0.00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

poiveentroPum ep, 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00O. O0 - 0 O0 O. O0 O. O0 O, O0

I O. O0 0, O0 0, O0 0 O0 0, O0 0, O0 0. O0 O, O0 O, O0 0. O0 O. O09vrnnp.vche ep, O, O0 0, O0 O, O0 0 O0 0, O0 0.O0 O. 00 O, O0 O, O0 O, O0 O, O00, O0 0, O0 O, O0 0 O0 O, O0

O_O0 0.00 n 00 0,00 0,00 0,00 O.OO O,O0 0,00 0,00 0.00

I rrtm_no#DB |pP. 0.00 0,00 0.00 0,00 0,00 0,00 0 O0 0,00 0,00 0,00 0,00

- 0,00 n,O0 0,00 0,00 0.00
0,00 0 O0 0,00 0.00 0,00 0.00 n,O0 0,00 0,00 0,00 0,00

Totml Ind|vtdumlm 53,00 60 67 281,00 132.50 170.50 183,00 12q,?_ I_,?_ 313,50 67.25 681,50
• 155,7_ .... 262,00 6_3,75 434.00 t?63,25

_3,00 20_ 50 272,75 215 25 134,00 359,33 152,75 368,00 460,75 383,67 L188,67

I rLiter_rm 5.50 i9,00 89,25 34,50 87_75 69,50 25,75 40,50 _24,00 20,25 232.00- A7,50 - - • 142,00 483,75 242,00 407.00
0,00 121 25 124,25 121,25 48,00 181.00 46,_0 230,67 278,50 192,33 938,00

PrPdmtorm 5.00 5 33 3_.50 22,25 12,_0 q.o0 33,_0 35,75 15,00 6,75 55,25

i 9,_0 " 25,25 4_,25 19 O0 134,50

8,00 I_ O0 22,50 22 50 t5,00 16,_3 18.00 18,67 22,50 i7,00 46.00

Qmthererm _7,00 20,67 61,25 33,00 24,50 74,75 _0.50 61,50 107,00 32,50 260,25
3q._ - 78.5o 132,oo 14o,5o zlz,2_

33_00 541?_ 66.50 $1175 49,00 145,67 _6,_0 93,00 132,?b 128,67 147.00

1,25 1,50 0.00 0.00 0,_5 1,25 0,75 0,00 0,00
Shreddere I,_0 0,33

- 2._0 2,00 6,75 1,00 5,25
0,00 6 25 2,_5 6,00 1,50 3,33 B,_O 7,J3 4,50 2.67 8,33

Othere 24,00 7.33 95,75 41,25 45,75 29,75 49,75 14,75 66,75 7,75 134,00

- ,_ - i_,_s - - - 14.26 18,oo 31,5o 1oo6.2612,00 8 25 5?,25 13.75 20.50 [3,00 23.25 [8,33 22,50 43,00 5_,33

Tmxm Richnemm LO.O0 t2.33 12,50 13,50 lqSO 12,25 LL,O0 15,00 15,25 11.50 12 25
14.75 L7,50 L8.75 18,00 L? 75

9,oo ,3oo _,?_ 14,25 15,00 ,5.33 _,00 [8,3_ 1s.5o2o,00 _8oo

I s,...o.-,...._ _,8? [.95 1,92 z,_2 1,92 1.96 x,76 2,_ 2.12 2,_ I_zz06 - 220 _64 2,05 I 6_
1.60 1... z,o? 2,02 2,38 1,s? 2 1. 1,09 _,97 2,[6 [ 56

ev_nnemm 0,8| 0.78 0,78 0,82 0.74 0.78 0,74 0,R2 0,78 0 89 0 69

I - - 0.?? - - - 0,77 0,63 0 71 0 56

0.73 0,77 0.80 0.77 0,88 0,70 0,79 0,69 0,69 0 72 0 53

_:ottc Index 2.6l 2,36 1,96 2,37 2._0 2,23 2,77 2,17 1,89 2 33 2 58
1.60 - 1,66 1.52 I 88 [,98

2,07 1,82 1,97 1,68 2,36 1.80 1.86 t,57 [,70 [ 60 1,41

1

|
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I Appendix D, Average number of insects collected
per' trap p_.r station on the

I Savannah, River winter 1959 1985•_ _ and L) designate adu] t and
larva, t'espect ive],v,
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_ppeadix D.

?..e Y.lr_ t9_$ 191| L0|2 t063 L_64 '_gS§ t96| lg _? ig_ iq_q tq_o tgTI tOTl

4n¢_ret.. virJelltMJ (Al Iii, _ 0,00 0,20 0,20 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 Q,O0
Sri. S ° " +
,t.. ' 0_0| 0 _0 0,50 0,00 0,00 0,'50 0100 0_00 0,00 0_00 0,:_ OTO0 0,00

Stm, | 0,00 0 00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00
flrrogvl lp, (6) I|l. | "

,,,., o.;, ooo o.1o o.io o.1o o.;o o;o o.;o olo o.1o o;o o;o olo
_+movt_m ipp, tA3 Stm. | 0,00 0 00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Stm, 0 - -
,,., , 0,00 0 00 0,00 0,00 0,00 0 O0 0,00 0,00 0,00 0,00 0,00 0,00 0,;0

Oryep_dee .pp, stm, I 0,00 0 O0 0,00 o,00 0,00 0 O0 0,00 0,00 0,00 0,00 0,00 0,00 o,oo
Iii, l - - -
|t., I 0 O0 0,00 0,00 0 O0 0 00 0 00 0o00 0o00 0,00 0,00 0,00 0,00 0,00

Oylisildie ipp, (L) Sls. I 0 00 0,00 0,00 0 O0 0 O0 0 O0 0,00 0,00 0,00 0,00 0,00 0,00 O+_S
Ill, l

0,,. , o;, o.;o o.;. o ;. ilo o oi o.;o o.i, o.;o o.;, +.;, o.;o o.1o
Oytteeidee ipp. <4) Stm, I 0 OI 0,00 0,00 0 00 0 OI 0 00 O.lO 0,01 0.00 O,Ol O,Oe 0,00 0,00

lte, l

,,.., ol, iii o,10 01o o;, o;o o,;o o,;o I,;o o i, o.oo o;o o+o
Iliidie Ippo ILl |li, l 0 00 0,00 0,00 0 O0 0 00 0 O0 O,O0 0.00 0,00 O,OI 0,00 0,00 O,O0

Stm, S -
,,,.. 0.oo o.0o o.+, 0 +o o;o o.0o o.oo o.;o o.;. o.;, ..o, o+o 0.+0

IllldlO ipp. (Al lte, 1 0,10 O,lO O+OO 0,00 0 OI 0,00 0,00 0,01 0,00 0,01 O,O0 0+00 0,00
Ill+ I . .

,,... o.;, +.+o 1.;, o.;o o.+. o.+o o.+o o.;o o.;, t.,, o.;, o.oo o.0o
0yrtuldoo ipp, (Ai Itio | 0,00 0,0O 0,00 0,00 0,00 l,S0 0,01 O,'0O e,oo o,10 e,H o+oo o,oo

iii, 0 -

,,,.. 0.;+ o.o. +.Ao o.+, o.+o +.+. 1.;, o.;o o.;o o.;o o+;o o.+o o.o.
0Vrllldoql Ipp, li) Stm. I 0,00 0,01 0,00 0,00 0.01 0°00 0,0i 0.00 O.1O O,H l.ll 0+01 0,01

Ill, I

0,,., o.o. o.1o o.;o o.;o 0.;o o.1o o.+o o.;o ,.Po o.b o._, o.;,, 0.;,
IeliplidH slp. IIi, l 0,01 0,01 0,01 O,Ol 0.O0 O,OO 0,01 O,ll 0,11 O,Ol 0.00 1,Oi O,OO

IIi. J

,,o,, 0,;o o,;o o,;. o,;0 o,;o o,;o o,;o o,_, o,;. o,;o o._, o,. ,,;. '
i

IolNil Lp. (L) Iii. I l,OO 0.00 0°00 0.01 0,00 0,Oi 0,01 0.00 0.00 1.00 0.O4 I.OO O.M 1
Iso. l

0.., .;, o;, o;, o;o o;. ,;o .;. o;+ ,;, .;, 0;, ,;, p;,

lylrepkl|IdlHt ipp, (li Ill, I 0,00 0.00 0°OI 0,01 l. OO 1,00 O,00 0,00 0 0@ 0 OI O Ii O.H 0.01

Ill. I " " " ' _ ° i,,., I o;po o_0o o,oo oloe o oo 0;00 o,o0 o_oo o;oo O,ll o;le o.;e o,;o

Rydropkl|idlo Ipp, (L) ILl. l g,Ol 0,00 0,00 O,OO 0 li 0,00 O,OO 0,00 0,OI e Ii O 00 0,1t P.lOIII° I ....

,,,.. o;o, 0;, o.oo o_oo o op o oo o.oo 0;00 o.oo o o, o70o 0.;o o.;. [NJrhrJep,..4+; IAibrJlul Iii° l 0,00 0,00 O°OO 0,00 00P 0,00 0o00 0,00 O,PO 0 O@ 0°00 0,00 0.00(Al lit, l -. . . . . .

,,,, , o_oo o_oo o,oo o,oo o oi o,,, 0,0o o,oo o_oo o. o,oo o,oo o_oo
,Tteleil/l Ipp, lte, I 0.00 0,00 0+00 0,00 0 00 0,00 0,00 0,00 0,00 0 00 0,00 0 00 0 00lte. 5 ' . . + '. . o o . o .

Silo 0 0,00 0.00 0,00 0,00 0 00 _,OA n. O0 0,00 0,00 0 00 0,00 0,00 0 O0

?rotlllirlll MAiler $t4, l 0,00 0,00 0,00 0,00 0,00 0,00 000 0,00 0,00 0 00 0,00 0+00 0 00
Ota. S ......

SL., | 0_00 0_00 0,00 0,00 0,00 0 O0 0.00 0,00 0100 0_00 0,00 0,00 O O0 '

0,00 0,00 0,00 0,00 0,00 0,00 0 O0 0 00 0,00 0 O0 l
4tlerlx lp, Iii, I 0,00 0,00 0,00

Irl, 5' . . ' *

ota, e oloo 0_o0 o,oo o,oo 0,oo o,oo o,oo o,oo o_oo 0,00 0,00 o.oo o oi

cktrem_l.oe ipp+ Ill. | |°li 0°00 0,01 0.00 |,|T 1,00 2,00 0,00 0,25 0o00 0 33 0,00 14 IS psls. s .... _
Slm. 0 0,00 t,OO 0,10 0,11 0°00 0,00 L,_O 0_00 I,'50 0,O0 0,10 t,;0 17 lt L

RpkydPIdlo lp° Iii. I O,OO O,OO 0,00 0,00 O,OO 0,00 0,00 0,00 0,00 0,00 O,H 0,00 0 OiIll. I

,,.. o o_. 0_oo 000 ooo 0;. o,oo oo0 0;00 o_oo 0Too o?. 00o o o0 P
lOdPePridrilllo lp, mis. | O,OO 0,00 0,01 0,00 0,00 0,00 0,00 0,00 6,00 0 00 0.10 O,O0 0 00 [Ill. 0 *- ° o

,..., 01oo +1oo 0oo ooo 000 o,oo iii o10o o;oo o?oo o,oo oo, o+o
mllllldll (L) III, | O,It 0,00 0,O+ 0,00 0.00 0,00 0000 0,0° 0,00 0 Oi 0o00 0o00 0,00

Irl. 1 ' F

Iii. 0 0_00 0100 0,00 0,00 0,00 _;00 0,00 0100 0100 0;00 0_00 0,00 0,00 [

0PIIOelIIIIIINI lptfo IIio I 1,71 4,10 I,II 0o00 1.33 1,50 1<21 3,75 S,11 1,00 II. II 10,TS 30,I0
IIio I ....
III. I I_71 OTtO I:S0 L,TI 0,33 02+0 0,00 I_I0 0.00 | O0 |,I| $,+0 4,00 F

Pj/poerpto ipp. Jto. L O,OO 0,01 0,Ot 0,00 0,00 0,00 0.00 0,00 0o00 0 O0 0 O0 0 O0 0,00 |010. | ' ' +- . o .
.... , o704 o?.o o_o, o.o, o_oo o_oo 0.o, o+oo o?oo o °0 o.oo o.oo ooo

IJamJJogopp, IIi. | I,H 0,01 0,00 0.01 0.00 0,00 0,00 0,00 0,II 0 01 0 01 0 00 0,00
011, | . ° ' * P

ILlo I 07Ai 017§ _10 070° 0.00 0,00 11710 0100 0700 O'Oi O,O0 ||,00 ,,;3
L
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............................. . , ,=o. L_u_ L984 19Bfl
T,,, Y,,,r' _gT:J 1974 197_ tg'r_ lq?? I_?_ 979 Iq.o ,_, ..... -"-"-".................

........ ' •, - v. ,_o u. ,,:o _, O0 O, _0
_Jh Ancvr.nvv varAeqmtu# _A_ 0,00 0,00 0,0(1 0 O0 0,00 0,00 0,00 0 O0 t On n .. ^ _. _ " ............1,00 O,_S 0 50 0,50

0,00 0,00 0,00 0,00 0,00 0,87 O,SO q,O0 2,2S 0,00 / 0,00 0,00 1.00

::::" /o_,r_wew *p, _l,) 0,00 0,0(1 0,00 0,0(1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

o,;o o,;o ooo oo0 ooo o.oo ooo o;o ooo o,oo ooo ooo o_5
.... . , O, O0 O, O0 O, O0 O, O0

ol.t.utum =pp, _4_ 0,00 0,00 n,O0 0,00 0 n(1 0 O0 0,00 0 O0 0,00 0 O0; ' ' , t4,2S I, O0 O,O0
" - o,oo o,so o,oo o.oo

L 0,oo o, oo o, no o, oo o, oo o, ao o,oo o, oo I, oo o, oo 1, oo o, oo o. oo

I nrvamtdm_ *pp, 0,00 n,O0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00" - O, O0 O, O0 O, O0 0, O0
0, O0 0, O0 0, O0 0, O0 0, O0 0. O0 0, O0 0, O0 0, O0 0, O0 O, O0 0, O0 0, O0

Ovtlle|dl@ Ipp, qL+ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 o,2aJ 0,00 0,00 0,00 0,00 0,00

I " - o,oo o,oo o,oo o.oo
o,oo o,oo o,oo o.oo o,oo I,oo o,oo o,oo o,oo o,oo o,oo o,oo o,oo

Oyllmeldne ipp, _AI 0.00 0 O0 0,00 O,O0 0.00 0,(10 O,2S O,2S 0,00 0,00 0,25 C,O0 0,00

,;o o(1o ooo o,oo o_ I oo o5o ooo o,;o o,oo o2,_ ooo ooo
' ' ' , O, O0 O, O0 O,O0 O. O0

i li'Idle =Ipp, (LI 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 O0 0 O0 0,00 0,00- _ o,oo 1,75 o,oo o,ooo,oo o.oo o.oo o,oo o oo 0,33 o,oo o,oo o, s o,oo o,oo o,25 o,oo

glm_dme ipp, _At 0,00 0,00 0,00 0,00 0 O0 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00
- L,zs t,oo o,_o o,oo

o,oo o.oo _,oo o,oo o,oo o.oo o,;o o,oo o,2s o,oo _,oo _,oo o.oo

QVrtRLdmQ Ipp, lA) 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0 O0 0,00 0,00 0,00
" '0 O0 0,00 0,00 0,00o,oo o,_, o,oo o.;_ o,oo o,oo o,;o _,_o o,;o ooo o,oo o.oo o,oo

i GfrSntdae Ipp, (L) 0,00 O,O0 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0 O0 0.00 0,00 0,00
ooo o,oo o,oo o.ooo.oo o,oo o,oo o,oo o,oo o,oo o,_o o,oo o,oo ooo o,oo o,oo o,oo

I|mtlpil4nv ipp, 0.00 O,O0 0,00 0,00 0,00 0,00 0,00 0.00 0 O0 0,00 0,00 0 O0 0,00o . ,
° - 0,00 0,00 0,00 0,00

o,oo o,oo o,;o o;o o,oo o,;o o,oo o,oo o,oo o,oo o,oo o,oo o,oo
I ii@ledidee ep, (L) 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00.. 0,00 0,00 0,00 0,00

0.00 0,;0 0,00 0.;0 0,00 0,00 0,;0 0,;0 0,;0 0,00 0,00 0,00 0,00

i IIl, drep&tiidme mpp, (AI 0.00 0,00 0,00 0,00 0,00 0o00 0,120 0,00 0,00 0,00 0.00 0',00 0.00

-

, o,;0 0,00 o,oo 0,00 ooo o,oo o;o _,;o o;5 o,,o o,. oo8 o.,5
' ' , O, 50 O, O0 O, O0 O,O0

Ilill.e It, drlpklttdlll npp, (L) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

.8' o,;o o_o ooo o;o o,o. ooo ooo ooo o,oo 0,50 o,. o.oo o.oo

I .... O, SO O, O0 O. O0 O,50
Noedlrem_rlbwa IJe#reeue 0,00 0 06.. 0 00 0 O0 0 O0

tt.,. (&t .... 0,00 0,00 0,00 0,00 0,00 0 O0 O.O0 0 O0• , ,
- 0, O0 O, O0 0, O0 0.50

'_ _ 0,00 o,oo o.on o.oo 0,00 o,oo o,oo 0_5o oloo o.oo o,oo 0,00 o oo,qff @_*/,nu,_,m ,pp,

," 0, O0 0, O0 0,00 0, O0 0, O0 0, O0 O, O0 0, O0 0 00 0, O0 0, O0 0, O0 0, O0

• . . o
" " O. O0 O, O0 0, O0 O, _5

: : ;, 0, O0 0, O0 0. O0 0 O0 n O0 0 O0 I, 25 0.00 0, O0 0. O0 0, O0 0 O0 O,O0

e ; 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0.00 0.00 0 O0
0 O0 0, OO 0 O0 0, O0

O, O0 O,O0 0, O0 0. O0 0 CI_ O. O0 0 O0 O, O0 0, O0 0, O0 O, O0

O, O0 O, O0
4tke.t'_ mp, 0,00 0,00 0.00 o.00 n oo o,00 0,00 0,00 0,00 0,00 0,00 0,00 0 O0
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