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Numerous workers have examined the effects of chlorine on 
individual e p i l i t h i c  community components (e.g. ,  CAIRNS & PLAFKIN 
1975; BROOKS & LIPTAK 1979), but l i t t l e  attent ion has been given 
to the effects of residual chlorine on the whole l o t i c  e p i l i t h i c  
community. Ep i l i t h i c  organisms are those microf loral and fauna 
assemblages l i v ing  on the surface of rocks; the primary cons t i t -  
uents include bacteria, algae, fungi, and protozoans. Ep i l i t h i c  
communities are an important functional component of aquatic 
ecosystems. Thus, deter iorat ion of the community due to the 
introduction of a stress agent could dras t ica l l y  impair the 
functional capabi l i t ie~ of the ent i re system. As the respirat ion 
rates of biological systems are re f lec t ive of energy flow through 
the system, and primary product iv i ty is a measure of carbon f ixa-  
t i o n c a p a b i l i t i e s ,  the purpose of th is invest igat ion was to 
determine the acute metabolic responses of l o t i c  e p i l i t h i c  
communities to various concentrations of total residual chlorine 
(TRC). 

STUDY AREA AND METHODS 

The study was cQnducted in an undisturbed reach of the Sheep 
River, Alberta, a f i f t h -o rde r  Rocky Mountain f oo th i l l s  stream. 
A detai led descript ion of the area and watershed character is t ics 
are presented in MOORE et al.  (1980) and OSBORNE et al.  (1981). 

The acute metabolic responses of the e p i l i t h i c  communities 
inhabit ing natural substrates (less than 31 mm diameter) to total  
residual chlorine were ind iv idual ly  determined using I0 benthic 
in s i tu respirometers (OSBORNE & DAVIES 1981) from August 19 
through 21, 1980. Previous studies on the same I0 communities 
indicated that the metabolic rates had been at a constant level 
for approximately three weeks pr ior  to the beginning of th is  
study (OSBORNE 1981). Thus, i t  was assumed that any changes in 
the metabolic rates during th is  study would be d i rec t ly  a t t r i b -  
utable to the effects of TRC exposure. 

On August 19, background community respirat ion (CR) and net 
primary production (NP) rates were simultaneously determined in 
each of f ive respirometry units using pH combination electrodes 
attached to a 5-channel junct ion box (Fisher Sc ient i f i c )  connected 
to an Accumet pH meter. Following the attachment of e i ther a dark 
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or transparent respirometry top (OSBORNE & DAVIES 1981), the pH 
in each chamber was determined every 5 min for  one hour. Temper- 
ature and total  a l k a l i n i t y  (A.P.H.A. 1971) of the water wi th in  
each respirometer were also determined before and af ter  each 
series of pH readings. Following the one hour period the 
respirometry tops were removed unt i l  the next day of readings. 
The calculat ions of C02 for each 5-min period were made according 
to VOLLENWEIDER (1969). Hourly rates of CR and NP were determined 
using l inear  regression analysis (SOKAL & ROHLF 1969) with times 
as the independent variable and CO 2 concentration for each 5-min 
period the dependent variable. 

On August 20, the respirometry tops were again attached and 
freshly f ield-prepared hypochlorous acid solutions were injected 
into each respirometer to a t ta in  a total  chlorine residual con- 
centrat ion within each chamber of e i ther  0 . I ,  0.5, 0.7, 1.0, or 
2.0 mg/L. One hour la te r  the respirometry tops were removed and 
the system allowed to f i l l  with r iver  water. Community respira- 
t ion was again determined in each uni t  as previously described. 
On August 21, CR and NP rates were determined and used as the 
24-h post-exposure treatments. 

The rates of CR and NP for each TRC concentration and day 
were s t a t i s t i c a l l y  compared on the basis of the slopes of the 
respirat ion or production l ines according to SNEDECOR & COCHRAN 
(1977). P/R (product ion-respirat ion) rat ios were calculated as 
GP/CR for each one hour period; where GP (gross primary 
product iv i ty)  = NP + CR. 

RESULTS AND DISCUSSION 

Signi f icant  differences occurred in the calculated CR and NP 
rates of e p i l i t h i c  communities fol lowing a one hour exposure to 
TRC (Table I ) .  The CR rates of e p i l i t h i c  communities exposed to 
TRC concentrations of 0.5 mg/L and greater s ign i f i can t l y  decreased, 
while those exposed to 0.I mg/L TRC s ign i f i can t l y  increased when 
compared to the control period ( ie.  August 19) (Figure I ) .  

Increases in the respirat ion rates of aquatic organisms fo l -  
lowing exposure to sublethal concentration of a toxicant have 
generally been recognized as a metabolic response to stress (MAKI 
& JOHNSON 1976; OSBORNE et al .  1980). Thus, the s ign i f i can t  
increase in CR in the 0.I mg/L exposed samples may be interpreted 
as a metabolic stress response to sublethal concentrations of TRC. 
The chronic ramif icat ions of a prolonged respiratory increase 
would l i ke l y  be a decrease in the functional capabi l i t ies  of the 
community as more energy is required for  simple system maintenance. 

The s ign i f i can t l y  higher CR rates on August 21 in theO.l mg/L 
treatment (Table I)  re la t ive to the August 20 rates indicate that 
the communities were responding to the i n i t i a l  TRC exposure 24 h 
la ter .  The s ign i f i can t l y  lower August 21 NP rates fur ther 
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Table I .  S t a t i s t i c a l  comparisons of calculated to ta l  resp i ra-  
t ion rates with respect to TRC concentrations for  
control with ch lor inat ion rates,  control wi th 24-h 
post-exposure rate,  and ch lor ina t ion  with 24-h post- 
exposure rates. The net primary p roduc t i v i t y  resul ts  
were exact ly  the same. ** = s i g n i f i c a n t  at 0.01; 
* * *  = s i gn i f i can t  at 0.001 ; NS = not s i g n i f i c a n t  at  
0.05. The plus and minus values indicate s i g n i f i c a n t l y  
higher or lower values re la t i ve  to the controls.  

TRC Control with Control wi th Chlor inat ion wi th 
Conc .  ch lor ina t ion  24-h post 24-h post 

o. l  * * *  (+) * * *  (+) **  (+) 
o. 5 * * *  ( - )  * * *  ( - )  * * *  ( - )  
o.7 * * *  ( - )  * * *  ( - )  **  ( - )  
1.o * * *  ( - )  * * *  ( - )  MS 
2.0 * * *  ( - )  * * *  ( - )  NS 
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indicates that photosynthesis was inhib i ted (Table I ;  Figure I ) .  
These data suggest that a substantial proportion of the e p i l i t h i c  
organisms survived the i n i t i a l  l -h  exposure, but that  the func- 
t ional capabi l i t ies  of the communities were s ign i f i can t l y  reduced. 
The s ign i f i can t  reductions in the P/R values fur ther  support 
these conclusions (Table 2). 

Exposure to TRC concentrations greater than or equal to 0.5 
mg/L decrease CR rates by 65-90% within the f i r s t  hour of expo- 
sure (Figure I ) .  Communities exposed to 0.5 and 0.7 mg/L TRC 
also had s ign i f i can t l y  lower respirat ion rates 24 h la ter .  No 
differences were found between the August 20 and 21 CR rates of 
the communities treated with 1.0 and 2.0 mg/L TRC (Table I ) .  

The s ign i f i can t l y  lower respirat ion rates of samples fol low ~ 
ing a one hour exposure are indicat ive of the immediate (acute) 
toxic effects of TRC to e p i l i t h i c  communities and corresponds with 
previous bacterial (VENKOBACHAR et al.  1977), protozoan (CAIRNS & 
PLAFKIN 1975), and marine diatom (HIRAYAMO & HIRANO 1970) t ox i c i t y  
resul ts.  These data indicate that a one hour exposure to 0.5-2.0 
mg/L TRC s ign i f i can t l y  reduces the metabolic rates of e p i l i t h i c  
communities fol lowing a one hour exposure. The s ign i f i can t l y  
lower 24 h post-exposure CR rates in the 0.5 and 0.7 mg/L t reat -  
ments suggests a continued tox ic i t y  and deter iorat ion of the 
functional capabi l i t ies  of the e p i l i t h i c  communities (Figure I ;  
Table I ) ,  while the s im i la r i t i es  in the 1.0 and 2.0 mg/L of the 
damage occurred within the f i r s t  hour. The differences in the 
24 h post-exposure rates re lat ive to the i n i t i a l  TRC exposure 
rates ( ie. August 20) appear d i rec t l y  related to the concentra- 
t ion of TRC employed as the maximum adverse effects at 0.5 and 
0.7 mg/L were delayed at 24 h. 

Table 2 Calculated P/R rat ios for August 19 (control)  and 21 
and the percent of P/R (August 21) to the control 
period for  each TRC concentration~ 

TRC 
Con. Aug 19 Aug 21 (Aug 19/Aug 21)XIO0 

0.I 2.47 1.23 49.8 
0.5 1.25 1.35 108.5 
0.7 3.28 6.17 188.5 
1.0 1.67 3.07 184.1 
2.0 1.43 2.80 196.1 

Although TRC s ign i f i can t l y  reduced the metabolic rates of 
e p i l i t h i c  communities over a 24-h period, not a l l  of the ind i -  
viduals within the samples succumbed to the toxicant as indicated 
by the 24 h CR and NP post-exposure rates. This suqgests a 
va r i ab i l i t y  in the metabolic sens i t i v i t y  of organisms wi th in the 
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communities which coincides with ear l ier  chlorine tox ic i ty  studies 
(VIDEAU et al. 1979; HIRAYAMO & HIRANO 1970). A s igni f icant  reduc- 
tion in NP ranging from 35-75% occurred at al l  TRC concentrations 
within 24 h of exposure. These results concur with previous 
lent ic  and marine phytoplankton studies which indicated that TRC 
inhibi ts photosynthesis (BROOKS & LIPTAK 1972; CARPENTER et al. 
1972). Comparisons of the calculated control and 24 h post- 
exposure P/R values. BROOKS & LIPTAK (1979) have examined the 
effects of sublethal TRC concentrations (ie. less than 0.I mg/L) 
on lent ic  phytoplankton and reported decreases in chlorophyll a 
concentrations and carbon uptake rates which returned to control 
levels within 24 h of exposure. The 108-196% increase in the 
P/R values (Table 2) in the 0.5-2~ mg/L TRC treatment suggests 
that a substantial proportion of the surviving autotrophs were 
funct ional ly active during the 24-h post-exposure period, 
although NP was s ign i f icant ly  lower as previously discussed. 
These data further suggest that a greater proportion of hetero- 
trophs were made metabolically inactive by TRC exposure then 
were autotrophs. I t  is l i ke ly  then that the 24 h post-exposure 
CR values in the 0.5-2.0 mg/L treatment were primari ly a function 
of autotrophic respirat ion. Thus, the results of this study 
indicate that TRC concentrations greater than 0.5mg/L inh ib i t  a 
greater proportion of heterotrophs relat ive to autotrophs, while 
the lower TRC concentration ( ie. 0.I mg/L) permitted the survival 
of a majority of heterotrophs, but inhibited the functional 
capabi l i t ies of the autotrophs to approximately the same degree 
as did higher TRC concentrations. 
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