
EFFECT OF A STEAM ELECTRIC GENERATING STATION ON THE EMERGENCE 

TIMING OF MAYFLY, HEXAGENIA BILINEATA (say 1' 

J. S. Mattice and L.  L. Dye 

Environmental Sciences Division 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 
USA 

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED 

B tn 
'~esearch sponsored by the Energy Research and Development Administration under 
contract w i t h  the Union Carbide Corporation. Publication No. -> Environmental 
Sciences Divikion, ORNL. 

BY acceptance of this rniclc. The 
Publlaher or recipient acknou8.dg.a 
thh US. Govemme.n?r rtght ro 
retain a nonexslu8ive. royalty-free 
license In and to any copvri$h% 
cwerlng the artisle. 

i 
i 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



INTRODUCTION 

Several i n v e s t i g a t o r s  have hypothesized t h a t  - thermal e f f l u e n t s  . . f r om power p l 'an ts  

cou ld  cause- changes i n  pa t te rns  o f  i nsec t  emergence  outan ant, 1962; Bregman, 1969; 
1 

Hawkes, 1969; Langford and Daf fe rn  1975). They suggested t h a t  t h e  changes cou ld  

r e s u l t  i n  a' de t r imen ta l  impact on mayf ly  populat ions,  because e a r l y  emergence o f  

adu l ts  i n t o  abnormal ly c o l d  a i r  would cause reduced s u r v i v o r s h i p  and r e p r o d u c t i v e  

success (Langf0r.d 1975). I-aboratory s tud ies  o f  temperature and emergence formed t h i s  

bas i s  o f  the hypothesis  o f  change i n  emergence p a t t e r n  and have cont inued t o  support  

i t  (Rothwel l  1971; Nebeker 1971 a & b; Fremling 1973); however, few f i e l d  s tud ies  

have generated suppor t i ve  data. Coutant (1968) found t h a t  caddis f l i e s  i n  the 

Columbia River  emerged e a r l i e r  i n  areas downstream f rom the  Hanford nuc lea r  

reac to rs .  The e f f e c t  was probab ly  the rma l l y  induced, s ince  emergence above and below 

the  p lan ts  occurred a t  s imi  1 ar temperatures. Rothwel l  (1971) found evidence t o  

i n d i c a t e  a r e l a t i v e l y  e a r l y  elnergence o f  Tr ichoptera  i n  a heated lake, b u t  t h e r e  was 

no c o n t r o l  group f o r  comparison. A l t e r n a t i v e l y ,  Ro.thwe11 (1971) cou ld  f i n d  no 

evidence f o r  e a r l y  emergence o f  several species o f  Chironomidae i n  t h i s  heated Jake, 

and an extens ive  s.tudy by Langford and Daf fe rn  (1975) and Langford (1975) f a i l e d  t o  

demonstrate e f f e c t s  o f  heated water on emergence o f  Ephemeroptera, Megaloptera o r  

Tr ichoptera  on .the R ive r  Severn i n  England. There has-been no equ iva len t  s tudy o f  

s i  tes ' l located on. lakes- o r  r .eservoirs. ,  Because o f  t h e  p o t e n t i a l  f o r  powey.. p l a n t  . . . .  
. . . . 
s i t i n g  on mi ins f feam rese rvo i r s ' ,  t h e r e  i s  a n e g d  f ir cjeneratibn o f  d a t a  ~ @ p l i & b l e  . .  . . . . . - . . .  .... 

. . . . . . - .  . . ' . .  . . 
f o r  de termin ing  t h e  p o t e n t i a l  for -impact v i a  changes i n  emergence pat te rn . .  ' . 

This paper presents r e s u l t s  o f  a study o f  emergence o f  Hexagenia b i l i n e a t a ,  a 

l a r g e  burrowing m a y f l y  w i t h  a wide d i s t r i b u t i o n  over areas o f  t h e  southeast  U. S-' It 

i s  p a r t  o f  an ongoing ana lys i s  o f  mayf ly  popu la t ion  dynamics i n  r e l a t i o n  t o  thermal  

ef fects.  Evidence f rom our  benth ic  c o l l e c t i o n s  o f  nymphs i n d i c a t e d  t h a t  t h e  maximum 

mean s i z e  was reached one month e a r l i e r  i n  a the rma l l y  a f f e c t e d  area than  i n  two 

o ther  areas (Auerbach e t  al., 1977). P re l im ina ry  l a b o r a t o r y  s tud ies  i n d i c a t e d  

- acce le ra t i on  o f  growth and e a r l i e r  emergence a t  h igher  temperatures (Dye and Mz t t i ce ,  

unpublished data)  and suggested the  a d v i s a b i l i t y  o f  a f i e l d  i n v e s t i g a t i o n  of 

temperature e f f e c t s  on Hexagenia b i l i n e a t a  emergence pa t te rns .  



SITE DESCRIPTION 

The s tudy  of emergence t i m i n g  centered on the  Kingston Steam P l a n t  ( F i g u r e  I ) ,  a  

c o a l - f i r e d  e l e c t r i c i t y  genera t ing  s t a t i o n  .near Kingston, Tennessee, U.S.A, (84 31'W, 
? 35 54'N).  The p l a n t  i s  made up o f  n ine  u n i t s  genera t ing  1600 megawatts o f  e l e c t r i c a l  

3  energy. P lan t  i n t a k e  water (3671 m per. minute when a l l  u n i t s  are ope ra t i ng )  i s  

drawn d i r e c t l y  f rom a  1372 m i n t a k e  canal which i.s separated f rom t h e  Emory R i v e r  by 

a  skimmer w a l l .  This  w a l l  has a  5  m opening 8 m below t h e  water sur face.  The 
. . 

d i scharge- to - in take water temperature d i f f e r e n t i a l  i s  7.5 t o  8.0 C. Opera t iona l  

s p e c i f i c a t i o n s  a l s o  c a l l  f o r  i n t e r m i t t e n t  c h l o r i n a t i o n  o f  t h e  condenser c o o l i n g  water  

w i t h  a d d i t i o n  o f  c h l o r i n e  rang ing  f rom 499 t o  2722 kg (1100 t o  6000 lbs.) per  day 

depending on t ime  o f  year.  Most o f  t h e  p l a n t  d ischarge water i s  re leased d i r e c t l y  t o  

the  C l i nch  R iver ,  bu't there  i s  some c i r c u l a t i o n  i n t o  /the discharge cove. . .  . . .. . 

I d e n t i f i c a t i o n  o f  t h e  source o f  i n t a k e  water i s  com,plicated. The p l a n t  i s  s i t e d  

.on a  pen insu la  a t  t h e  conf luence o f  the  C l i n c h  and Emory Rivers. Both a r e  p a r t  o f  

t he  Watts Bar reser -vo i r ,  a  r n u l t i p l e  use impoundment w i t h  a  r e g u l a r  w i n t e r  drawdown o f  

approximate ly  2 meters. I l a t t s  Bar s t r a t i f i e s  du r ing  the.summer so t h a t  t h e  i n t a k e  

water i s  hypol.irnne.tic and i s  genera l l y  de r i ved  f rom t h e  coo ler  f l ows  o f  t h e  C l i n c h  

R iver .  Dur ing .the w in ter ,  t he  i n t a k e  water source i s  genera l l y  t he  Emory River ,  

a l though o c c a s i o n a l l y  C l i nch  R ive r  water i s  f o r c e d  up t h e  Emory and en te rs  t h e  in take.  
. .  he th r6e :spec i f  i c a r e i s  o f  s t u d y  were t h e  i n t a k e  canal and t h e  reference and.  : .  ., . . 

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

d ischarge '&;&s ( ~ i ~ u i g . l ) . .   he i n t a k e  :and reference areas' are u n s t r a t  i f i e d  . . . . :  . . . . . , 

A .... , . . . throighou-? t h e  y e a r .  ;1n t h e  discharge c-ove, a ' thermoc l  i& develops r a p i d l y  i n  l a t e  '". . . 
. . 

A p r i l  a t  4 t o  5  meters and remains a t  about 5 m u n t i l  i t s  r a p i d  disappearance i n  

e a r l y  October. About 30% o f  t h e  cove bottom i s  below 5 m. Fur ther  d i f f e r e n c e s  found 

between t h e  coves i nc lude  some sewage i n p u t  t o  t h e  re ference cove and c o a l  p i l e  

r u n o f f  i n t o  the  upper end o f  t he  d ischarge cove. 

MATERIALS AND METHODS 

The emergence o f  ,the mayf ly  Hexagenia b i l i n e a t a  was measured us ing  two types  o f  

t raps  and d a i l y  observat ion.  The f i r s t  t r a p  type, which was mod i f i ed  f rom Sub le t te  

and Dendy (1959), was placed on the  bottom and c o l l e c t e d  may f l i es  as t h e y  emerged. 



These submerged t raps  were made o f  weighted po lye thy lene cones cove r ing  an area o f  
7 

0.8 n-. The apex was attached t o  a 1 2  glass j a r  h a l f  f i l l e d  w i t h  a i r  t o  (1) h o l d  

the  t r a p  u p r i g h t  i n  the  water and (2 )  form an a i r - w a t e r - i n t e r f a c e  i n  which t h e  

emerging m a y f l i e s  became trapped. Seven submerged t raps  were p laced i n  each cove on 

June 24, 1976. D i s t r i b u t i o n  o f  the  t raps  was l i m i t e d  t o  t h e  most f a v o r a b l e  subs t ra te  

( q u a l i t a t i v e l y  i d e n t i f i e d  as adhesive mud) a t  t h ree  depth i n t e r v a l s :  2-4, 4-6 and > 

6 rn zccording t o  t h e  r e l ' l t i v e  percent  o f  each depth i n  each cove. No t r a p s  were 

placed i n  t h e  0-2 m depth because t h i s  area i s  exposed du r ing  t h e  w i n t e r  months. 

Traps were sampled each week (more o f t e n  dur ing  the  two peak emergence per iods) ,  and 

t h e  number o f  t r aps  r e d i s t r i b u t e d  according t o  t h e  r e l a t i v e  depth d i s t r i b u t i o n  i n  t h e  

cove. As each t r a p  was removed from the  water it was examined t o  make sure  t h a t  it 

had bzen ope ra t i ona l  dur ing  t h e  sampling i n t e r v a l .  Absence o f  a i r  i n  t h e  b o t t l e  o r  

presence o f  mud on the  i n s i d e  o f  the  t r a p  were used'as c r i t e r i a  t o  exc lude t h e  t r a p  

data. 

The second type o f  t r a p  ( " s t i c k y  t r a p " )  was a 12 oz. soda can covered w i t h  a 12 x 

20 cm s t r i p  of po lye thy lene sprayed w i t h  Tree Tanglefoot  (Tang le foo t  Co., Grand 
, . 

Rapids, M I )  and susperlded front a t r e e  l imb.  Mayf l ies  which had emerged and were 

e i t h e r  i n  t h e  sub-imago or irr~ago stages stuck t o  t h e  t raps  on con tac t  and cou ld  be 

i d e n t  if i ed and counted when the  po lye thy lene s t r i p s  were replaced. Sampling was a t  

, . .  
1  east weekly; f requency being aimed' a t  ,avoiding. t r a p  s a t u r a t i o n .  .The s t i c k y  t raps.  

. , .. . . - . . -- .. - . .  . 
. - .  

were hung'-o.i t r e e s  about equ id is tan$ '  a'long t h e  i h . 6 r e l i  ne,  and'about  1 - 2 . m -  .- above t h e  '. . . - .  . 
. . .  . . . . 

. . ... . w a t e r s u r f  ace. ' ..Twelve . .. . .- t raps  . . . .  e a c h .  were hung. around.. ... t he . i ntake ,. .and , . . .d .. i :scharge .coves and ... - :, . 
, . 

t e n  around t h e  re ference cove beginning on ~ u n i  9. ' 

RESULTS 

Water temperatures i n  the th ree  areas fo l lowed the  t y p i c a l  seasonal t r e n d  found 

i n  most temperate areas (F ig .  2 ) .  The discharge cove temperature above t h e  

thermoc l ine  averaged 5.0 2 0.56 "C h igher  than the i n t a k e  canal  and 3.1 + 0.87 "C 

h igher  than the  reference co've. The temperature o f  t h e  water below. t h e  thermoc l ine  

i n  th2 discharge (about 30% o f  t he  area) was s i m i l a r  t o  t h e  i n t a k e  water temperature. 

The p a t t e r n  o f  emergence der ived f rom t h e  two types o f  t r a p p i n g  was g e n e r a l l y  

sirni la i-  al though there  were some d i f f e rences  (F ig .  3abc). Exact  t i m i n g  o f  'emergences 

(F ig .  3c) was based on d a i l y  f i e l d  observat ions as we11 as t h e  stages o f  m a y f l i e s  



I . . ' .  

found on the sticky t raps.  Emergence was i nterrnittent from ear'ly June through 
August. Emergences generally occurred sirnul taneously in' the three coves, although 

1 .  occasionally in i t i a t ion  of emergence in one of the coves was out of synchrony by a 
. . 

day (June 10, July 1 2 ,  August 18) .  In two cases emergences were skipped in the 

reference cove. In a l l  coves the major peaks of emergence occurred in early and l a t e  

1 July and each was continuous over several days. Actual numbers znd re la t ive  s i ze  of 

l each emergence varied among the coves. Within each cove mean numbers per t rap  per 

week over the season for  the two collection m2thods were posit ively correlated .(p. < . . . .  

2 
- 

0..01) with R values of 0.49, 0.60 and 0.68 for the intake, reference and discharge 

areas, respectively. 

Further s t a t i s t i c a l  comparisons between coves were carried out only on the basis 

of sticky trap data. Variation in the numbers of mayflies collected by traps i n  each 

cove was high even for  a s ingle  emergence. Numbers~'of mayflies collected by s t icky 

traps on a per t rap basis were about an order of magnitude higher than submerged 

t raps.  S t a t i s t i c a l  analysis using submerged t rap data was not carried out because i t  

was complicated by the variation in weekly trapping e f fo r t  due to non-functional or . 

missing t raps and by low numbers. 

Analysis of emergence timing was carried o u t  by coniparing distri 'buti  ons of 

cumulative % emergence over the season (Fig. 4 )  and the time of median emergence i n  

each of the three coves (Table 1). Comparison .of the' cumulative % distr ibut ions 
. . 

- . . . .  - using the '~ol ,mo~o&ov-~mirnoi  . . - -  . . . .  two-sarnple . . nonparametric t e s t  indicated- that :  D >,I . .- ._ 
. . .  . 

1 -. . ..:(p < . . . . . . . . . . . . . . .  .001); R ,-I: ( p  < .001);  and'^ , R . . (105 < p > . lo'): 1n t h i s  case ,  gredter than 
. . . .  - . . . . . .  

. . 
. - . -. 

' (5 ) ;  ii 'bq"ivalent t o , - & r l i e r  than. using data frdm individual t r a p s  i n  eachcove, ', . :. : 

the date on which 50% of ' the  mayflies had emerged was calculated (June P was taken as 

day 1) .  The intake arid reference s i t e s  were not s ignif icant ly different ,  b u t  the 

discharge s i t e  WAS s igni f icant ly  ea r l i e r  (Duncan's Multiple Range Test; = 0.05) 

than e i ther  of them (Table 1 ) .  Median emergence occurred about 2 and 3 weeks e a r l i e r  

in the discharge cove than in the reference cove or intake canal, respectively. 

DISCUSS ION 

I t  i s  l ike ly  tha t  the differences observed in emergence timing in the three coves 

are primarily a function of temperature. Increased growth a t  temperatures higher 

than those normally found in the f i e l d  have been reported for  Hexagenia b i l inea ta  



(Frenling 1967) and Hexagenia limbata ( H u n t  1953). Preliminary data collected i n  our 

laboratory indicate  tha t  growth and emergence o f .  local - H. b i l ineata  occur f a s t e r  a t  

25 than 1 5 O C .  Finally,  the changes in timing of emergence cor re la te  well with 

expectations based on a hypothesis of temperature causation: the order of time to 

medim emergence i s  discharge, reference and intake--the same order as f o r  mean 

temperature. Oxygen content of 'water in the discharge was lower than i n  t he  intake 

and reference areas, t h e , l a t t e r  two of which are not s ignif icant ly d i f fe rent  from 

each other (students t ,  a = 0.05). However, the lower discharge levels  (min.imum 

June, July and Ailgust concentration was greater than 5.0 mgll on the bottom in the 

unstratified area where n~ost mayflies were found) should n o t  be su f f i c i en t ly  low to  

affect  emergence (Mebeker 1972; Eriksen 1964). Other water qua1 i t y  fac tors  are not 

expected to  be related such tha t  a D - R - I order of e f fec t  in ascending or 

descending order would be expected. A thermal caus6 for  the observed differences,  

thus seems rensonable. 

The magnitude of the s h i f t  t o  ea r l i e r  emergence in the discharge i s  probably 

underest imatecl by these data. A " f a i r ly  1 arge" emergence was reported by fishermen 

to have occurred in the discharge on May 27 before our t raps were operative. 

Residents of hoiiles on the reference cove did not note an emergence a t  t h a t  time. No 

information i s  available for the intake canal. Inclusion of t h i s  probable ear ly  

emergence i n  the  discharge would increase the  difference in time to  median emergence 
. . - .  

whichwe calculated. I , ?  addifibn;ni&%lies distribbted onth&.bot tdm~below t h e  . . . . . . . .  

thermoclfn<in ........... the discharge . . . . . . . .  area would be ' .~xpected . . . . . . . . . . .  t o  emekge 1 a te r  . . . . . . .  in the  simmer' .' . . .  
. . 

. . . . . . . . .  .~ . . . . . . . . . . . .  . .  , . . . .  . . 

and, thus, tend to  obscure the e f f e c t  of: the; increased temperature., . 

How early emergence affects  the mayfly population i s  presently speculative. If 

there i s  no change in mortality or reproductive success, the s h i f t  i n  emergence 

timing could r e su l t  in an increase in annual mayfly production if emergence occurred 

early enough to  allow development and reproduction of a summer generation. 

A1 ternatively,  early emergence might merely be a minor change in seasonal timing with 

no real l i f e  cycle or production changes. As a third poss ib i l i ty ,  ear ly  emergence 
could resul t  in changes in survivorship or reproductive success. Then, population 

numbers mi g h t  increase or decl i ne depending on popul a t  i on regulatory fac tors  and 

the i r  timing. The known variabi l i ty  in l i f e  cycles a t  other locations (Hunt 1953) 

indicates the probabili ty that the effects  will be highly s i t e  specif ic .  An ongoing 



benthic sampling program in t he  th ree  study areas may help in evaluating t h e  

a1 t e r n a t i  ve hypotheses regarding impact. 

The accelerated emergence in  the  discharge cove of the Kingston Steam Plant i s  

probably not s ign i f ican t  f o r  mayfly populati'ons of the  whole reservoir .  All t h r ee  

study areas combined equal l e s s  than 0.01% of the area of Watts Bar Reservoir. Any 
e f f e c t  of operation of the  Kingston Steam Plant on emergence pa t te rns  i s  t h u s  

localized and would not t r a n s l a t e  t o  ecosystem changes in, f o r  example, predator 

populations. A change of t h i s  s o r t  might be s ign i f ican t  under other condit ions.  In 
. . . .  

smaller  systems or in systems with a  high concentration of thermal input, a  po ten t ia l  

e x i s t s  f o r  change o f  greater  magnitude. 
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Table 1. Sumnary of analysis of days t o  50% 
emergence using Duncan's Multiple- 
Range t e s t .  Any two means not 
underscored by the same l ine are 
s ignif icant ly different ct = 0.05. 
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FIGURE LEGENDS 

. Figure 1;. A diagrammatic view of the relat ion of the three study areas t o  the  
Kingston Power Plant showing depth isol ines  ( 2  meter intervals)  f o r  each 

of the areas. Water flows are generally from r ight  t o  l e f t .  
Figure 2.  

Figure 4. 

Seasonal temperature regfmes for  each of the study areas. Temperatures 

plotted are averages of surface and deepest. bottom temperatures f o r  the 
Intake and Reference areas. The average of surface and upper thermocline 
temperatures ( A )  and, lower thermocline and deepest bottom temperatures ( B )  

were plotted separately in the Discharge area for  the period of 
stra.ti.f.ica'tion. Discharge temperatures above the thermocline average 5°C 

and 3 O C .  above the intake and reference temperatures, respectively. 
Seasonal time-course of emergences ( a )  and mean numbers of mayflies 
collected per t r ap  using submerged traps (b)  and s t icky t raps (c ) .  Sticky 
traps were placed on June 9.  Submerged t raps were not placed unt i l  .June 
24. Both t rap  types indicated. intermit tent  emergence with peaks i n  ear ly 

and 1 a te  July.  Ernergences usually occurred simultaneously i n  a1 1 three 
coves . 
Cumulative percent emergence in each of the coves as a function of time 
from i n i t i a l  emergence (June 8 was taken as day 0) .  The tendency toward 

:ear ly emergence . . . . .  ,paralleled . . the relationship. of mean temperature i n  t h e ,  
. . . .  . . . .  . .  - .  thyee ;oves.  isch char^^ > ~ e f e r e n c e  > .  intake) : ... .- 

. . 












