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Geographic Analysis of Thermal Equilibria: 
A bioenergetic model for predicting thermal response of 

aquatic insect communities 

Progress Report 

for 

Continuing Research Grant (DE-~C02-79EV10259) 

In'troduction 

From a series of bioenergetic and developmental studies of 
aquatic insect communities in White C1,ay Creek, Pennsylvania, we 
developed a thermal equilibria.mode1 (~weeney and Vannote 1978; 

. Vannote and Sweeney 1#080) to describe the effects of natural, 
and altered temperature regimes'ori'the .size and fecundity of 
hemimetabolous insects. Furthermore, we suggested that thermal 
heterogeneity (spatially and temporally) of streams and its 
predictable quality are important ecosystem attributes leading 
to the development and maintenance of a highly structured 
community of aquatic invertebrates. 

Our central hypothesis is that the stability (ability of. 
a subpopulation to recover from serious reduction in numbers 
by environmental perturbations or fluctuations) of a subpopulation 
withi.n.the geographic range of many stream insect species reflects 
mainly..a 'dynamic equilibrium between temperature and individual 
growth, metabolism, reproductive potential, and generation 
time F i g  1 A thermal regime is viewed as optimum when an 
individuals body weight and fecundity is maximized (e.g. Fig. 
1, pathway b). We hypothesize that an equilibrium location, 
where individual weight and fecundity is maximized, coincides 
closely with the location of greatest subpopulation biomass. 
Geographic range extension away from an optimum area (e.g. Fig. 
1, pathway a or c) is associated with temperature induced 
changes in the rate and efficiency of energy use, developmental 
processes, and generation time. 

According to our hypothesis, subpopulations in non-optimal 
habitats are characterized by low population density and small 



Figure 1: A thermal equilibrium model, based on experimental 
data for White Clay Creek, indicating the population 
interactions between bioenergetic (growth and 
metabolic rate) and developmental (fecundity and 
generation time) parameters for insects reared in 
optimum and nonoptimum thermal regimes. The 
individual components .of the model are described 
at the periphery of each quadrant (e.g. the inverse 
relationship between weight specific respiration 
and larval size; quadrant 11). Pathway b (an 
optimum thermal regime) shows that maximum adult 
size is associated with an intermediate generation 
time, low weight-specific respiration, and high 
adult fecundity, Larval size and adult fecundity 
are intermediate in cold, nonoptimal regimes 
(pathway c). Generation time is shortest in warm 
regimes (pathway a), but high respiration cost 
and accelerated development of adult tissues 
(wing pads, reproductive system) results in small 
larval and reduced adult fecundity. 
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individuals with reduced fecundity. The ability of these 
subpopulations, to control and/or exploit ecosystem resources 
is reduced by both the small size and lower density with 
respect to total community. The competitive position of 
these species in the community hierarchy is lowered and the 
probability of competitive extinction due to environmental 
fluctuations (natural or induced) is increased. The local 
extinction of a subpopulation occurs theoretically where 
individual fecundity approaches zero. A species in nature is 
probably eliminated wherever recruitment falls below the 
critical threshold needed to maintain the competitiveness 
of the subpopulation (e.g. wherever reduced fecundity is not 
compensated for by concomitant changes in other critical life 
history parameters). 

This report summarizes the first 9 months of field and 
laboratory work to test our central hypothesis. Five river 
systems were selected for intensive studies on insect growth, 
metabolism, and fecundity as well as determination of community 
structure for distinct assemblages of insect species exploiting 
various trophic and habitat resources. Laboratory studies were 
initiated to test the relative importance of temperature and 
food quality on growth, size, and fecundity of insects. 

Project Goal's, River Site Selection, Data Acquisition 

Our proj.ect is intended to test the hypothesis that 
population stability, within the geographic range of many stream 
species, reflects'largely a dynamic equilibrium between temperature 
and individual growth, metabolism, reproductive potential, and 
generation time. We propose to delineate the significance of 
natural thermal variation by quantifying the bioenergetics, 
developmental dynamics, and spatial distribution of major repre- 
sentative groups of stream insects throughout their geographic 
range. 

During the summer of 1979, larval collections taken irom 
56 river stations were analyzed to select rivers best suited 
for study during the 1979 - 1980 sampling year (Table 1). 
Species lists for the most promising sites were assembled and 
compared prior to finalizing the selection of the five study 
rivers. A diverse and productive benthic fauna was an important 
consideration, but each river drainage selected for study also 
had to meet the following criteria: (1) an Atlantic piedmont 
drainage having 1st throuqh 5th order tributaries that were 
accessible and below 500 m elevation; ( 2 )  an intact and fairly 
natural riparian vegetation bordering most of the length of 
both major and minor tributaries; (3) a thermal regime, annual 
discharge pattern, and water quality determined largely by natural 
processes (i.e. little or no industrialization or urban develop- 
ment, no thermal discharge from a electric power plant, no major 



T a b l e 1 : L i s t  o f  s t r e a m s  v i s i t e d  and c o l l e c t e d  d u r i n g  t h e  1979 
s i t e  s e l e c t i o n  p r o c e s s .  A s t e r i s k s  ( * )  i n d i c a t e  s i tes  
chosen f o r  s tudy .  

Vermont 

* B a t t e n k i l l  R i v e r  . Green R ive r  

New York 

F i s h i n g  Creek 
L i t t l e  Loyalsock R i v e r  

'4 Pennsy lvan ia  

B u t l e r  Creek 
Do'e Run 
F i s h i n g  Creek 
L i c k  Creek 
L i t t l e  F i s h i n g  Creek 
Lower P i n e  ~ r ' e e k  
Mehoopany Creek 

*Meshoppen Creek 
' P a i n t e r s  Run 

Big Elk Creek 

*Big O t t e r  R ive r  
Bearwallow Creek 
Boyles Brook 
C r a i g  Creek 
Doyles Run 
~ u n s t o c k  Creek 
Hemp M i l l  Creek 
H i t t l e s  M i l l  ' c reek  
Hol iday  Creek 

*Jordan  R ive r  
L i t t l e  R ive r  
L i t t l e  Stoney Creek 
M i l l  Creek 
Moormans Run 
North Fork Back Creek 

Mary'land 

V i r q i n i a  

Mohawk Rive r  
S t .  Regis  R i v e r  

* P i c k e r i n 9  Creek 
Pigeon Run 
S t a r r u c c a  Creek 
Susquehanna R i v e r  
Tunkhannock Creek 

*White. Clay Creek 
Wildcat  Run 
Wyalusing Creek 

Potomac R ive r  

North Fork P iney  Creek 
North Fork Roanoke R'iver 
North Fork Thorton R i v e r  
Over S t r e e t  Creek 
Rappahannock R i v e r  
R c c d  Creek 
Sheeps Creek 
S ink ing  Creek 
S l a t e  R ive r  . 

Smith R ive r  
South Fork P iney  Creek 
Spruce P i n e  Brook 
Stoney Creek 

- Thorton R i v e r  
Thumb Creek 
Tye R ive r  



dams or other impoundments); (4) an underlying geology conducive 
to moderate or high productivity (e-g. sedimentary or metamorphic 
bedrock as opposed to'streams developed on a granitic batholith 
structure). 

Five river systems were chosen for study dur.ing the 1979- 
1980 sampling year (September 1979 to September 1980). Five 
sampling stations, approximating 1st through about 5th order 
streams, were selected in each drainage system. Table 2 
briefly characterizes the stream reaches selected for study 
within each of the five major river drainages. Sites within 
a major drainage were about 1.5O latitude'north and/or south 
of reaches in any other study drainage. 'All study reaches 
satisfied the criteria outlined above. Thermographs were 
installed and operating at all sites by late October, 1979. 
Thermograph recording charts are checked monthly (for operation 
and calibration), and charts are changed every'three months. 

For each study reach (a total of 24,reaches for 1979- 
1980) we intend to select 20-25 insect species for intensive 
study. Data acquisition for each species will usually include: 
(1) weight distribution of individuals from large ( >  50 
individuals for each species) collections of larvae at several 
times during larval development period to characterize larval 
growth rates and maximum size at maturity; (2) estimation of 
larval metabolism by measuring respiration rates on a differential 
respirometer; (3) determination of adult emergence time and the 
duration of the adult emergence period; (4) quantify individual 
male and female adult size (i.e. wing length and weight) and 
fecundity throughout the emergence period. On some species we 
may attempt to determine the onset and duration of the pupal 
stage and the weight loss associated with delayed pupation (e.g. 
spring and summer diapause for many Trichoptera larvae). 

In addition to the species specific data described above, 
we are also determining community structure at each study reach 
(e.g. species composition within 'major functional groups) . The 
data will be used to assess how species associations within 
communities change over broad thermal gradients both within 
single drainage systems and between systems separated geograph- 
ically. 

P'roqram Modification: Field Studies 

Many of the above criteria for station selection are best 
evaluated in late winter or early spring prior to the emergence 
period of many aquatic insects. Since the project started in 
late spring, the selection of study rivers was very difficult 
because many key species were either too small to identify or 
still in the egg stage. We are avoiding this problem by 
starting site selection in early March ,1980 for the 1980-1981 



T a b l e  2  - L i s t  o f  s t r e a m s  chosen f o r  s t u d y  d u r i n g  1979-1980 s a m p l i n g , y e a r .  D i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  a r e  
g i v e n  f o r  e a c h  s i t e  a s  e s t i m a t e d  from U.S.G.S. t o p o g r a p h i c a l  maps, c o u n t y  r o a d  maps, o r  f i e l d  
o b s e r v a t i o n s .  

Mas te r  R i v e r  Reach Name 

Hudson R.  Goodman Rk. 
G i l b e r t  Dk. 
W.Rr, B a t t e n k i l l  R .  
B a t t e n k i l l  R .  
B a t t w k i l l  R .  

Susquehanna R. Nine P a r t n e r s  Ck. 
Hibbard  Bk. 
Mad Dog Run 
Meshoppen Ck. 
Meshoppen Ck. 

Stildy 
Ccde 

BAT 1 
BAT 2  
BAT 3  
DAT 4 
BAT 5  

MES 1 
MES 2  
MES 3  
MES 4 
MES 5  

S t a t e  L a t i t u d e  Lonqi t u d e  
A l t i t u d e  
:. (m) 

S t r eam 
Width 
0 

Delaware R. Ledyards  Ck. WCC 1 PA 3 9 ° 5 2 ' 5 0 " ~  7 ~ ~ 4 7 '  3ow.w 1 2 1  1.0-2.0 
Choa te s  Ck. WCC 2  PA 39°52'25"N 7 5 ° 4 7 1 3 0 " ~  115 2.0-3.5 
White Clay  Ck. WCC 3  PA 3 9 O 1 5 ' 5 0 " ~  7 5 O 4 7 ' 1 6 " ~  106 4.0-6.0 
P i c k e r i n g  Ck. WCC 4  PA 4 0 ~ 0 6 ' 0 0 " ~  7 5 0 3 8 ' 3 6 " ~  .8 .0 -14 .0  

Rappahannock R .  H i t t l e s  M i l l  Ck. J O R  1 VA 3 8 ° 4 6 ' 4 5 " ~  7 8 ° 0 8 ' 2 4 " ~  222 0.5-1.5 
Bea rwa 1 low Ck . JOR 2  VA . 3 8 ° 4 7 1 0 7 " ~  7 8 0 0 8 ' 5 4 " ~  280 4.0-7.0 
H i t t l e s  M i l l  Ck. JOR 3  V A 3 8 ° 4 7 1 3 8 " ~  78°07!04"w 2  2  5  6.0-10.0 
J o r d a n  R .  J O R  4 V A 3 8 ° 4 5 ' 5 1 " ~  7 8 ° 0 2 1 0 4 " ~  13.1 12.0-15.0 
Rappahannock R. JOR 5  VA 3 ~ ~ 4 1 ~ 0 5 " ~  77°54115uw 9  4 20.0-25.1 

Roanoke R .  Hemp M i l l  Ck; B I G  1 V A 3 7 ° 2 4 1 0 8 " ~  7 9 ° 3 9 ' 0 2 " ~  481 1.0-2.0 
Sheep Ck. B I G  2  V A 37O24 I 5 8 " ~  7g038' 4 6 " ~  381 2.0-3.0 - Sheep Ck. BIG 3  V A 3 7 ° 2 5 ' 2 1 " ~  7 9 ° 3 8 ' 2 4 " ~  377 3.0-4.0 
Big O t t e r  Ck. BIG 4 VA 37O23' 2 2 " ~  7 9 ° 3 3 ' 0 5 0 1 ~  260 8.0-12.0 
Big O t t e r  Ck. RIG 5 V A 37022'14"N 7 9 ° 2 5 ' 1 4 " ~  198  15.0-20.0 



sampling year. Site selection is decidedly more time consuming 
and expensive than we had initially estimated. Streams in the 
southeastern piedmont have been highly impacted by several 
centuries of intense land use, and locating st'reams in this . 
region with a reasonably intact fauna is time consuming. 
We have, however, been able to reduce overall travel costs 
by purchasing tents and having personnel camp and cook their 
own meals during most field trips that do not involve using 
travel trailers (e.9. river site selection, special short-term 
collecting trips to study sites, etc.). 

Our sampling strategy for obtaining data on the emergence 
time, adult size, and fecundity of study species has also been 
altered. These measurements are more critical to the success 
of our project than other study parameters and we have modified 
our work plan accordingly by: (1) reducing the intensity of 
the overall sampling effort (i.e. reduce number of trips to 
each site) during the October to March period while increasing 
the effort during the period of larva1,maturation and maximum . 

adult emergence (March throagh ~une); (2) emphasizing labor- 
akory rearing as opposed to field rearing of adults as we 
initially proposed; (3) deploying light traps, malaise nets, 
and drift nets, (i.e. traps designed to collect adult insects 
emerging from streams) at all sites to assure the collection 
of an adequate amount of adult insects. 

To accommodate the new work plan, we have increased the 
insect rearing facilities at the Stroud Center so we can now 
rear animals collected from each study reach under thermal 
conditions within 1.5O~ of the native environment. Larval 
specimens for rearing are kept in polypropylene "stream" 
trays (48 x 27 x 20 cm) and fed both detritus collected from. 
their original stream habitat and diatom communities cultured 
on plates exposed in the White Clay Creek, Pennsylvania. 

The revised work plan i,s as follows for each of the five 
major river systems: one field biologist is assigned a 
particular river system with five stations and spends every 
other week from March through June collecting and rearing at 
the study sites. During this field week, each study site is 
visited daily to collect adults from malaise nets, sweep net 
for adults, etc. The biologist also spen'ds about six hours 
at each site collecting larvae for use in weight structures, 
rea'ring, respiration, and taxonomy. The biologist brings 
back to the laboratory larvae of species that are emerging in 
the field during his field sampling week as well as larvae of 
species that have not yet emerged but appear near emergence 
(i.e. have well developed and darkened wingpads). At the 
end of a given week in the field, the biologist will also take 
random collections of larvae at each study reach and return 
the collection to the Stroud Center for further picking, 
sorting, and rearing under approximately natural thermal and 
trophie conditions. Thus, alternate wecks will bc   pent at 



the Stroud Center rearing new adult material and processing 
(dry weights, egg counts, length measurements) material 
gathered in the field during the previous week. A technician 
at the Stroud Center will oversee the laboratory rearing during 
the week the biologist revisits his field stations. All larvae . 
in the rearing trays are sacrificed when the biologist brimgs 
fresh populations back from the study sites (e.g. larvae are 
never kept for more than 13 days in the laboratory). 

The above sampling program yields adult material from 
several sources. First, newly emerged adults are collected 
from malaise nets, drift nets, and vegetation sweep-samples 
every other week and at each site. Second, terminal instar 
larvae are reared to the adult stage continuously in the 
laboratory, with fresh specimens for rearing being provided 
every two weeks. Although the intensity of this sampling 
program creates several logistical problems (e.g. overseeing 
r6aring trays during weekends, transport and storage of 
extensive field gear) and personal sacrifice (e.g. six day 
work weeks, odd hour work days to sample early morning and' 
late evening adult emergences), we feel that any reduction 
in sampling intensity would compromise the quality of required 
data sets. 

We have also altered our workplan with respect to 
measuring larval respiration. We initially proposed to measure 
larval respiration in the field by equipping our mobile trailers 
with differential respirometers. This approach has been aban- 
doned because respiration experiments required continuous 
attention and severely restricted the mobility of our biologists 
in the field and made acquisition of other field data more 
difficult and time consuming. Our biologists now collect 
larvae'for respiration experiments just before returning from 
the field and perform the experiments at the Stroud Center while 
simultaneously conducting other duties (sorting, rearing, weigh- 
ing, etc.). This modification in the work plan avoided adding 
addi t iona .1 . .  personnel to the field crews or prolonging the 
field trips to accommodate field measurements on respiration. 
We have no indication that this work schedule modification will 
affect the validity of our respiration data sets. 

Field Samplina Loaistics 

Two field teams, each consisting of two biologists and 
using the St rnud Center as home base, have been assigned data 
acquisition on the five river systems for the 1979-1980 sampling 
year. Each field team has two river systems, or a total of 10 
sampling reaches, that are distant from the Stroud Center (i.e. 
> 300 miles north or south). The four study reaches near the 
laboratory are divided equally between the two field teams. 
During the fall-winter period, each field crew works as a 
team when sampling each site. In early spring, however, 
each field team member is assigned a specific river system for 
study as described earlier. We have avoided unnecessary 
duplication of field equipment (e.g. vehicles, trailers, 



thermometers, nets, buckets, etc) by alternating field work- 
weeks among the members of a given,team during the spring. 

Each study reach was sampled at least once during the fall - 
early winter period of 1979. The first 1arval.sampling at 
each reach was more comprehensive, exhaustive, and time 
consuming than subsequent sampling visits. This resulted 
largely because most of the insect larvae were at early stages 
of development and we were unfamiliar with the species 
composition of these streams. Therefore, ig addition to 
collections f.or population weight structure, a voucher series for 
each species or probable species, in cases where positive 
identification could not be made, was obtained and kept in 
alcohol for later verification. Also, in the fall, we could 
not finalize the selection of 20-25 key species for each river 
until all five river systems had been sampled at least once 
and a probable species lists compared. 'Our objective is to 
maximize the number of species for which we get vital data 
at several points in their geographic range. Thus, for the 
first sampling period, specimens for weight structures and 
vouchers were collected for about twice as many species as will 
be taken in subsequent sampling efforts. 

Proaram Modification: Trophic Analysis 

Cooperative funding by NSF and DOE has permitted expansion 
of both laboratory and field studies to include the interaction 
of nutrition and temperature in determining rates of larval 
growth and developmental processes in aquatic insects. Field 
studies include experiments designed to assess the trophic 
equivalence of our study reaches - i,e, develop a simple 
trophic index for comparing in situ algal production, epiphytic 
biomass, and particulate detritus at study sites both within 
and between our river drainages. Concurrent laboratory study 
emphasize the relative importance of temperature and food 
quality on ,larval growth, the timing and duration of adult 
emergence, and adult size and fecundity. These experiments 
ate discussed in greater detail later ln this report. 

Summary of Proqress and Results 

Field An'alys'is: ' Temperature 

T h e r m n g r a p h s  have been deployed at all sites since October 
or November, 1979. The maximum, minimum, and average daily 
t ~ m p e r a t . ~ ~ r e  f o r  each of the 24 sites is presently stored on 
our computer for the months of October, November, a r ~ d  Dece~itbcr. 
We have recently collected the second 3-month recording tape 
from all the thermographs and the January-February-March data 
will be on file shortly. After we accumulate a 6 month data 
file, we can begin to analyze for geographic patterns of 
temperature for the five river systems. Preliminary observations 



indicate that the rivers selected will yield a well defined 
gradient of temperatures (i.e. both comparing low order versus 
high order tributaries within a drainage and comparing similar 
other tributaries at different latitudes). For example, a 
comparison of mean temperatures at the largest stream sites 
for the month of November, a poor month for detecting thermal 
differences between streams, showed about a ~ O C  difference 
between our most northern river (Battenkill 5; mean = 7.0°c) ' 

and our most southern river (Big Otter 5; mean = 10.8O~). In 
a geographic comparison, winter months reveal minimal temperature 
differences, however, these differences will be magnified 
substantially during the spring-summer period. 

Fie'ld Anal'ysis: Larval qrowth and community structure 

Insect larvae from all sites were collected at least once 
during the October-December, 1979, sampling period. Insect 
collections were partitioned in the field to either species or 
"tentative" species (i.e. those that appear distinct but were 
too samll to accurately identify) and about 50 to 200 specimens 
of each type.were killed, dried, and weighed to the nearest 
microgram. Tables 3, 4, and 5 list the genera for which we 
have weight structures for at least one species (in most cases 
2-6 species per genus) and the collection locations of the 
weighed specimens. A total of 246 weight structures have been 
completed as of February, 1980, Future weight structures will 
be. more selective because we will emphasize species that occur 
in two or more locations within a drainage system and/or 

5 between drainage systems (all insect weight data has been 
entered on our computer file). Weight structures will be used 
to- compare larval growth rates and estimate maximum size for 
a species at different points in its geographic range. 

Presently we have too few data sets (only October through 
February) on any one species to analyze for geographic patterns. 
The autumn weight structures did, however, yield some promising 
patterns tor several species. For exa~r~ple, cu~lside~able 
variation in mean larval weight for the stonefly, Taeniopteryx 
maura, was observed both within a drainage basin (see Jordan 
River sites 2, 3, 4 in Fig. 2) and between drainage basins 
fo'r November samples, T.'maura grows an,d emerges largely 
during cold water periods (i.e. < loOc) and it appears that 
larval growth begins earli'er in the northern part of its 
geographic range relative to more southern sites. A more 
complete interpretation of these and other results must wait 
additional data on larval growth, timing of adult emergence, 
adult size, and field data on the seasonal temperature patterns 
and trophic structure of each study site. 
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.-.--.--_----.------------- ----- - ------ --- ---.--.---.--.---------- - ................................ - -----.-------------------.------.- 
e n . . -  ., I IrNfi1:KON X  X X X  X  - ---------- ---- - -------- ---------.-------- - ---- - -------- b ------- ------- -------------- 
T!;IlNY(~I.iIA X  X  X  X  X  X  X  

.----.----....------------------- ------- ---..--------- - - --------- ----------- ------------------.------ --- -------- ------ 
AMEI-E'I'IJ!; . X  X  X X X  X  , X  X  X X .  

.-.-.---..-.-.--.--.-.-----------------.-..--------.-- - .-------.-.---.-.-.-.----.---------- ------- ................................ -- ---- -.-- ----------------- 
SXPtILOPI..ECl'llN X  

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

Table 3: The distribution of mayfly genera at the five river sites. BAT = ~attenkiil, VT; 
MES = Meshop?en Ck, PA; JOR = ~ o r d a n  River, VA; BIG = Big Otter Ck, VA; WCC = White 
Clay Creek, PA. 



TRICHOPTERA (CADDISFLIES) F B P P E I ~ ~ I I M M M . . I . I . I . J . . S B P P U R W W W W W  
n ~ n n n r . : ~ t : . ~ c : c r o o o o ~ ~ z x z c c r , c c :  
T ' I " ~ ~ ~ T E ; S S S S R R R R R O C I ; G D ~ C C C C  

GEN U,S 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 : j 1 2 3 4 9  - ----- ------..-----.-------------------------------------------------------------------------..- 

. . .  .... . (31.. lI!;SD!;(lMA X X  X  X X X X X  
.-.-----..--,----.-----.------------------..- -.----------- ---- - -------- .---- ..................................... ----- - -------------.-------.-..- 
.-.---..-----.----.-------------------------.------ - --- - ----------------------.----..--- -- ---------- - ........................... 
I:I C I  I.. 0 I."+ ::[ L. IJ S X 

\ X  X  X  X X X  X X X  X  X  
.-.-.-.----.--.----------------- ---------------- ----- - --------- ........................... - ........................................ 

LJOli 'MAl- I l IA X  --------- - -------.- -------------- --- ---- ------.-----.-------------- -- -------------- ...................... ----- -- --------------. 
F'!;YI,IIOMY I A  X  

.-.-.-.---,-----------------------------.--------------------------------------.----------------------------------------------------------- 
l ' ~ I ~ . I E I J M A ' ~ O F S Y C H E  X X X X X X X  X  X X X  X  

.-.---_---.------------------- - --------------.---.- .......................... ---- ----------------------------------------------.------..-- 
IiYI:IROF'!;Y [:I-IE X  X X X X X X X X  X  X  X  X X X X X  

..--------------.---------------.----.----------------------.-------------.-------------------------------------------------------------------, 
X  X  F A R  A I-' S Y C: 1.1 E 

.-- -------------- -------------- ...................................................................... 
r DIF'I-EI: 'I 'r<ONA X X X  X X  X  X  X  X X X  

-------------.-------.--.--.----.----------.----------*.-------------------------- - - - - - - - - - - .  - -  -. 
N E O F t i Y L . A X  X  X .  X X X  X  X  X  

.-.-----.-.,.-.---,----------------.------ - --- ---- - --------.---- ------- -------------.---.- - ---.----.-.--.------------------- - --------.-------------- 
F'YCNCIF:'!;Y I:I.iE X X X X X  X X  

.--_-.--__I------ - ---- - ------- - -  - -  - - -  - . -  - - - - -  - -  
MOl..ANNA X  X  

..- _ ..------------------ ---..------ - ...................... -----.----------.---------------------------- 
I - E P I  I:I(?S'I'OMA X  X X  X  

- - - -  -- .+ 

R H Y A C I J F ' H I L A  x . X  X X  X  X  X  X '  X  X  X  X  X  

, .. . T a b l e , ' 4 :  T h e  d i s t r i b u t i o n  of c a d d i s f l y  .genera a t . t h e  f i v e  r i v e r  si tes.  BAT = B a t t e n k i l l ,  VT;  
MES = Meshoppen C k ,  PA; J O R ' =  Jordan R i v e r ,  VA; BIG = B i g  O t t e r  C k ,  VA; WCC = White  
C l a y  C r e e k ,  PA. 



Table 5: The distribution of stonefly, dragonfly, damselfly, and dobsonfly genera 
at the five river sites. 

PLECOPTERA (STONEFLI ES)  ' ( SITE CODE (RIVER 6 STATION) , 

P1'EI;ONnI;CYS X  X  
.--------------------------------------------------------------------------------------------------------------------------------- 

AI.I.ONARCY S X  X  X  X  X X X X  ................................................................................................................................. 
PEL I'UF'ERLA X  X  X  X X  X  

_-------------------------------.------------------------------------------------------------------------------------------------- 
S'rRUPt413FTERY X  X  

__-_-__------_---_--------,-.----.------,---------------------------------------------------------------------------------------------. 
'TtIENIIIF'TERYX ,X X  X  X  X  X , X  X  X  X  X  X  X X X X  X  X  

___----__--------_------.."------------------------------------------------------------------------------------------------------- 
Illi'ACliYF'I'Eltfl X  X  X  X  X  X  

__________-__-_____-------.,..----.----------------.-------------------_--------..---------------------------------------------------.-- 
SllYELllNA X  X  

-_____--_--------__---.-----.------..---------------------------------------------------------------------------------------------- 
ALl.OCAFNIA X  ................................................................................................................................. 
F'Ah'ACAF'NIA X  X  X  X  X  X  X  . X  ' X  .-------------------------------------------------------------------------------------------------------------------------------- 
ACRONEMRIA X  X X X X X  X  X  X  X  

.--------------------..----------------------------------------------------------------------------------------------------------- 
X  NEIIFEIZLA 

ISOt'ERLA X X X  X  X  X  . X  X  X  X  
.---------------------------.---.-----.----..---------------------------------------------------------------------------------------------..- 

X  ISf lGENOInES .-----------------------.-------------------------------------------------------------------------------------------------.--------- 

S I T E  CODE (RIVER 6 STATION) 

D ~ D D D l i l l M H ~ J J J . l J D D R D D l d U b ) U u  
n f i n h n E E E E k o o ~ o O T I I I I C c C C t  
T ~ I ~ ~ ~ ~ S S S ~ S S R R R R R ' G G ~ G G C C ~ I : ~  
1 2 J 4 5 1 2 3 4 S l 2 3 4 5 1 2 3 4 5 1 2 3 . 4 5  

GENUS ...................................................................................................... 

~ ~ A ~ ~ . E E E E I ' J ~ ~ ~ ~ . I I I ~ I C C C C C  
' 1 ' 1  I I ' I S S S 5 S l i I Z F . ; R R G I I U G . U C C C C C  

GENUS 1 2 3 4 5 1 2 3 4 5 1 2 3 ~ ~ 5 1 2 5 4 ' i 1 2 3 4 5  
--,..,--..--- .- ----. -- ---..--,.------ -- -------------- -- ----------- -- -.----------------------------------------- 

~:~IIZYOAI..IJS x .  x 
- - - .  .... " ...-. .. . . -..-. .. ..._.--_.___---..--.....-.....--..--.--.-.-...-..--_- 
Ill l i l < O l ! l i ~  , ., .. 



Figure 2: The mean dry weight and standard deviation of 
T a e n i o p t e r y x  maura larvae from tributaries of 
the Jordan River, Virginia, the Meshoppen 
Creek, Pennsylvania, and the Battenkill, 
Vermont, during November, 1979. 



Field Analysis: Tro'p'hic' s'tr.ucture of 'river sites 

A simple trophic index has been devised which involves 
monitoring the levels of chlorophyll, ATP, and phospholipids 
over time on artificial substrates (64 x 134 mm PVC plates 
held vertica.11~ in a rack) placed in riffle areas at each 
site. The relative abundance and species diversity of the 
diatom community will also be measured periodically on these 
plates. To evaluate nutrient equivalence, six artificial 
substrates will be placed at each site by field crews and two 
substrate plates collected for analysis every two weeks for 
the subsequent six week period-. At that time, another set of 
six plates will be exposed at each stream site. 

The quality of leaf litter available in the stream channel 
is also being evaluated seasonally at each site by estimating 
species distribution and relating leaf species to known growth 
responses by insects. We decided that quantitative studies to 
estimate the standing crop of detritus throughout the year are 
too time consuming and spatially variable to be useful for 
rapid evaluation of available food resources. 

Laboratory 'Analyses: Relative effects of temperature and food 
quality on larval growth and adult 
reproductive potential of aquatic insects. 

A large experiment (3 temperatures, 5 diets, 4 species, 2 
replications) was initiated in October, 1979, for assessing the 
relative importance of. temperature and food quality to the 
developmental dynamics of aquatic insect larvae. Four insect 
species were chosen for study: Leptophlebia intermedia, 
Peltoperla maria, Tipu'la a'bdomin'a'lis, and Soyedina 'carolinensis. 
The experime.nta1 design included rearing early instar larvae of 
the above leaf eating species to the adult stage on five distinct 
diets (viz. Arner.i.can beech, 'chestnut oak, hickory, white ash,' 
and red oak) while being kept at three distinct temperature 
regimes (viz. .ambient White Clay Creek (WCC) temperatures, 
warming ambient Whi,te Clay water ~ O C  (WCC + ~OC), and warming 
ambient White Clay water by ~ O C  (WCC + ~OC)). Two replicate 
sets of animals (the exact n.umber of individuals per rep1,icate 
varied with each species) were exposed to each combination of 
temperature and food type. The growth of experimental animals 
was also followed in the natural stream. Respiration rates of 
experimental animals were determined at 1, 5, 10, 1 5 O ~  for use 
in constructing partial energy budgets for the period of larval ' 

growth. 

To aid in interpreting results, we also characterized, at 
various points throughout the experiment, the ATP levels of 
each leaf species and its associated microflora. For each ATP 
assay, ten leaf cores (1.3 c m  diameter) were extracted for 



each treatment (temperature-food type). ATP was also monitored 
on leaf packs constructed for each species and exposed in . 

natural streams. 

The amount of'data presently available from this experiment 
varies considerably from species to species because of basic 
differences in growth responses to temperature and food quality. 

. . For example, many L. in't'erme.dia larvae reared on certain diets 
have already completed growth and emerged as.adults in the two 
warmer thermal regimes (i.e. WCC + 80 and WCC + 4OC). Adult 
emergence on white ash and hickory diets began about 7 days 
earlier in the WCC + ~ O C  regime r.elati've to the WCC + ~ O C  
regime. Emergence has been rather sporadic and delayed on other 
diets for both WCC + 4 and WCC +8OC. For the white ash and 
hickory experiments already started, adult size progressively 
decreased throughout the laboratory emergence period at WCC + 
~ O C  (Fig. 3) although variability was high for white ash. These 
data alsoshow a substantial difference in female size (~ig. 3) 
and fecundity (~ig. 4) for adults emerging from the two diets. 
A comparison of adult size as a function of temperature for each 
diet is not possible at this time because adults are still 
emerging from the WCC + ~ O C  regime and should begin to emerge 
shortly from the ambient WCC regime. 

Our preliminary data on the mayfly,'&. intermedia, indicate 
that larval growth and development appears to be correlated 
positively with temperature. Larvae grew best on white ash, 
followed by hickory, and not well at all on the remaining leaf 
species. The acceleration of larval growth by increasing 
temperature correlates well with the data for &. 'i'n'termedia 

4 concerning the response of larval respiration rates to increases 
in temperature. We did not attempt to measure the effect of 
food quality on larval respiration. 

Our ATP analysis on the leaf substrates suggests that in 
general ATP levels for all leaf species were correlated 
positively with temperature (Table 6). Among the five leaf 
species studied, white ash had the highest ATP content which 
corresponds well with observed growth patterns. H u w e v e ~ . ,  
larvae also grew well on hickory which had the lowest ATP 
levels of any leaf type. Although these results are incomplete 
and preliminary, they suggest that. the interaction of temperature 
and food quality may be more complex than was initially estimated 
and certainly requires additional experimentation. 

Preliminary experimental results for the winter stonefly, 
Soye'dina' c'a'r'o'l'ih'e'n's'is also shows that elevated winter temperatures 
diminished adult size (Table 7) under all diets for which we 
presentlg have emergence data. The highest temperature regime 
(WCC + 8 C) permitted larval growth but energy reserves were 
insufficient to complete adult emergence and most larvae died 
while attempting metamorphosis. 
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Figure 3. The change in dry weight of adult LeptophLebia 
intermedza during the emergence period. for 
larvae reared on white ash aqd hickory leaf 
litter in laboratory microcosm streams. 
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Figure 4 .  The relationship between fecundity and adult dry 
weiqht for the mayfly LeptophZebia intermedia 
reared experimentally on w h i l e  ash and hickory 
leaf litter. 



Table 6: ATP content (mg/ml) of leaves kept for 6 weeks in experimental 

rearing trays.. 

American Chestnut 
Thermal White Ash Eeech Oak Red Oak ~ickory 
Regime mean 2 s.d. mean f s.d. mean 2 s.d. mean + s.d. mean '2 s. d. 

WCC* 76.1 2 1.5 22.2 + 1.6 24.2 2 0.7 25.0 + 0.6 13.8 + 0.3 

WCC + 4Oc 54.7 + 4.5 .32.1 + 2.3 34.3 2 0.9 33.3, 2 2.1 12.2 + 1.9 

WCC + 8'~ 98.6 t 4.4 

*WCC = White,Clay Creek, Pennsylvania 



- 
Table 7: Mean adult weight for females of s o y e d i n &  c a r o Z i n e n s i s  

reared under varying conditions of temperature and diet. 

Thermal Regime 
Hickory Red Oak'. American Beech 

mean + s . d .  mean t s.d. mean f s a d .  

- WCC 

WCC + 4Oc 

* ~ i g h  mortality of larvae and low emergence success. 



Experimental results for Tipula a'bdo.miha'1'i.s (cranefly), 
althouqh incomplete, are similar to'results for both L. 'int'eYmedia 
and S .  caro'1i.nen's.i~ in that: (1) larval growth' was correlated 
inversely with temperature for most of the five food types; and 
(2) within a given temperature regime, larval growth was 
consistently best on hickory and white ash and substantially 
poorer on chestnut oak, red oak, and american beech (Table 8). 
The data show that both temperature and food quality have a 
significant effect on larval growth over the range of variables 
studied. 

Da'ta Ma'na'q.eme'nt 

All field and laboratory data for this project (i-e. 
temperature records, insect weight structures, adult fecundities, 
species list, species distribution, etc) are stored both on data 
cassettes at the Stroud Center and on magnetic tape at the West 
Chester State College computer facility. The Stroud Center 
rents a computer port from West Chester State College. The 
college's computer is a Xerox 560 computer and offers SPSS 
and BMD statistical packages. All data storage, retrieval, and 
analysis can be done from our remote terminal at the ~troud - 
Center. Data are coded and stored using widely accepted 
numbering or coding systems whenever possible. For example, 
all insect species included in this study have been assigned 
the number code used by EPA in their Biostoret System. The 
capacity for data analysis and presentation at the Stroud Center 
has been greatly enhanced with the recent purchase of a 
Tektronics 4052 Graphics Terminal and 4662 Digital Plotter. ,, 

Proposed Research fo'r 1980 - 1981 

River site selection: Southeast states 

Five river systems must be selected in the southeastern 
United States for study by the field teams beginning in October 
1980. The rivers and specific study reaches (25) require 
identification before the spring-summer emergence period to 
insure the streams support species similar to those studied in 
the mid-atlantic states. Because emergence begins in February 
and March in the more southern states, we have already completed 
one inspection survey in Georgia, South Carolina, and North 
Carolina. Additional field study will be required throughout 
the spring and early summer before site selection is finalized. 

Southern piedmont streams are highly impacted by sediment- 
ation and it is very time consuming to locate an array of 
stream sites .in relative proximity to each other. Higher 
elevation streams support increased diversity and more complex 
community structure, however, water temperature rapidly decreases 
with elevation. To date, we have identified one promising 
drainage located on the Duke University forest. 



T s b l e  8  - Mean w e t  w e i g h t  f o r  Tip- la a b d o m i n a l i s  l a r v a e  a f t e r  f o u r  months g rowth  on  v a r i o u s  l e a f  
t y p e s  a t  t h r e e  d i f f e r e n t  t e m p e r a t u r e  r eg imes .  L a r v a e  were d i v i d e d  i n t o  two s i z e  c l a s s e s  
a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t  and  r e a r e d  s e p a r a t e l y  - s m a l l  ( r a n g e :  42-123 mg) a n d  
l a r g e  (127-275 mg).  S t a n d a r d  d e v i a t i o n s  o f  means a r e  g i v e n  i n  p a r e n t h e s e s .  

La rge  S i z e  C l a s s  S m a l l  S i z e  C l a s s  

White  C h e s t n u t  Red American White  C h e s t n u t  Red American 
H . i  c k o r y  Ash Oak Oak Beech Hickory  Ash Oak Oak Beech 

WCC + 4Oc 1172 k 820 1052 704 1185  796 799 . 845 1048 
(232)  (162)  (338)  (186)  (241)  (269)  (210)  (168)  (155)  

WCC + 8"c 1136 993 962 897 666 1040 761 691 745 1088 
(260)  (129)  (199)  (1 31) (179)  (121)  (226)  (185)  (134)  (194)  

* A l l  l a r v a e  d i e d  two weeks p r i o r  t o  sample  due  t o  i n a d e q u a t e  c i r c u l a t i o n  w i t h i n  t h e  r e a r i n g  t r a y  



Completion of field studies on the five mid atlantic streams 

Field teams will be deployed to the 5 river' systems (Table 
.7 

2) presently under study at two week intervals for the remainder 
o of the spring emergence period. During the summer months, 

sampling intensity may be reduced as the number of species in 
the emergence diminish. .The field crews will collect material 
and develop data on individual biomass.prior to and during 
emergence, emergence duration, fecundity, and larval population 
structure. To insur.e adequate characterization of adult weights 
and fecundity', large scale rearing will be,conducted at the 
Stroud Center utilizinq insect samples brought from the field 
sites at two-week intervals. We anticipate completion of 
field work on the mid atlantic sites by late September. During 
October 1981, the field teams will relocate to southeastern 
states to begin similar field studies. 

Effeets of food quality on insect size and fecundity 

Studies will continue to explore the interactive effects 
of temperature variation and food quality on growth and fecundity 
of aquatic insects. To date, these studies have emphasized 
detrital food resources using insects that grow primarily in 
the winter. The next series of experiments will focus on 
growth responses of insects reared on diets of varying proportions 
of diatoms and fine particulate detritus. These studies will 
be conducted under various temperature regimes in microcosm 
streams at the Stroud Center. 

Field studies will be conducted to evaluate the relative 1 
trophic status (nutrient equivalence) of the five river systems 
presently under study. The trophic studies will involve 
estimating the rate of periphyton production on artificial 
substrates and seasonal estimates of the principal components of 
particulate detritus. Since the streams selected for study 
all have riparian forests, at least bordering the river, 
quality differences in detrital food value among'streams will 
be due largely to species composition and density of the 
riparian vegetation and the physical retension capacity of 
the channel. 

Data Processinq and Analysis 

The temperature and weight structure data collected to 
date have been entered on the computer and are presently stored 
on magnetic tape. The time interval between data aquisition 
and computer entry is short. The slowest process has been 
measuring the dry weight of individual insects, however, 
this "bottle neck" will be eliminated before the intense spring 
sampling because we are purchasing an automatic balance with 
output directly to the computer. 



Analysis of relationships between thermal regimes and . population parameters for growth, size, and fecundity will 

begin immediately following data processing for the spring 
i emergence. By mid winter, analysis of the first years.data 

'sets should be complete. 

Time Allocation: Principal Investiqator 

The principal investigators, Robin L. Vannote and Bernard 
W. Sweeney, have devoted approximately 10% of their time to the 
project during the period July 1, 1979 to March 31, 1980 and 
plan to devote about 10% during the remainder of the current 
term which expires ~ u n e  30, 1980. 



PROPOSED BUDGET 

2ND .Year of' Continuing Grant cDE-AC02-79EV10259) 

From July 1, 1980 to June 30, 1981 Budget 

DOE 

A.  Salaries and Wages -- 

R. L. Vannote (25%) 
B. W. Sweeney (30%) 
C. A .  Staub (31%) 
Assistant Data Analyst (100%) 

i 2 Field Biologists (100%) 
1 Entomologist (258) 

i 2 Biological Technicians (100%) 
Mechanic (15%) 
Secretary (20%) 
Part-time Technician 

(400 hr @$4.50/hr) 

B. Total Salaries 85,298 

C. Fringe Benefits (17.5% of Salary) 14,927 

Total Salaries 6 Benefits 

D. Equipment 

Insect Rearing Units 1,060 
Electrobalance, Cahn 4700 + 

printer and Computer Interface 10,000 
Computer Terminal 1,600 
E4iscellaneous Equipment 3,000 

Total Equipment 

E. Materials and Supplies 

F. Domestic Travel 

G, Foreign Travel 

H. Publication Costs 

I. Com~uter Costs 
I- 

J. Consultants 
. . 

K. Other Direct Costs 

Telephor~t! cu~r~iiiu~~ications with ficld 
teams and central administration 



PROPOSED BUDGET 

2ND Year o f  Cont inuing  rant ( ~ ~ - ~ C 0 2 - 7 9 ~ ~ 1 0 2 5 9 )  

L. T o t a l  Dkrect Cos ts  

M.  I n d i r e c t  Cos ts  

56.2% o f  s a l a r i e s  f o r  s i t e  work 
24.6% f o r  o f f  s i t e  work 
0.562 x 67,193 = 37,762 
0.246 x 18,105 = 4,454 

. .  . .  

Budget 
DOE I .ns tk tu t iona1  - 

- N. T o t a l  D i r e c t  and I n d i r e c t  Cos ts  192,101 1,940 

T o t a l  P r o j e c t  Cos ts :  194,041 
DOE Share 192,101 
I n s t i t u t i o n a l  Cost Shar ing  1,940 

(1% o f  t o t a l )  

* $6,500 o f  t h c  c o n s u l t a n t  f e e  is  f o r  a  g r adua t e  r e s e a r c h  a s s i s t a n t  




