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he Valdosta mill is an 1100-tord T day unbleached kraft linerboard 
mill located in the state of Georgia. 
However, the extensive wastewater 
treatment system extends across the 
state line into Florida, with the ulti- 
mate discharge to the Withlacoochee 
River, as seen in Fig. 1. 

The mill’s wastewater-treatment 
system has been upgraded over the 
years to achieve a consistent BOD (bio- 
chemical oxygen demand) removal of 
greater than 95%. The secondary 

treatment system consists of a series 
of seven ponds covering 344 ha (850 
acres). The first four ponds provide 
anaerobidfacultative treatment, fol- 
lowed by an aerated stabilization ba- 
sin, a 141.8-ha (350 acre) facultative 
holding pond, and a final polishing 
pond. The 350-acre pond is designed 
for hold-and-release discharge 
through a submerged diffuser, with 
the volume of discharge based on river 
flow and the level of dissolved oxygen 
in the river. 

Holton is environmental engineer, Packaging Corp. of America, Valdosta, GA 31603- 
1048. Putnam, principal scientist, and Evans, senior ecologist, are affiliated with 
Water and Air Research, Inc., 6821 Southwest Archer Rd., Gainesville, FL 32608. 

Because the mill’s final discharge is 
in Florida, this is the state that regu- 
lates the discharge and issues the 
wastewater discharge permits for the 
mill. In 1989, the mill and the Florida 
Department of Environmental Regu- 
lation agreed to undertake a coopera- 
tive study of the river in the vicinity of 
the mill discharge. The study extended 
through a web‘dry cycle. The purpose 
of the investigation was to determine 
if the discharge met Florida water 
quality standards via the biological in- 
tegrity rule (BIR). 

The BIR uses macroinvertebrates 
as an indicator of water quality. Com- 
munity structure in the waters up- 
stream and downstream of the mill 
discharge is determined by the Shan- 
non-Weiner (SW) diversity index. BIR 
compliance is certified if the back- 
ground conditions established up- 
stream of the mill discharge do not 
drop more than 25% downstream from 
the mill. 

The data obtained during the course 
of the study also were evaluated using 
a second criterion, the Florida index 
(Beck’s biotic index). The mill also con- 
ducted additional quantitative and 
qualitative sampling in an effort to pro- 
vide a more comprehensive picture of 
the river in the vicinity of the discharge. 

Background 

Drainage basin characteristics 
The Withlacoochee River lies princi- 
pally in the lower coastal plain of south- 
ernGeorgiaandnorthernFlorida. With 
the headwater located near Tifton, GA, 
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the river flows approximately 138 km 
to the Suwannee River (1). The drain- 
age basin is relatively small, encom- 
passing 5698 km2. The resulting river 
flows range from less than 5.7 m3/s 
during dry periods to more than 283 
m3/s during the rainy season. Variation 
in flow volume of this magnitude can 
occw over a time period as short as a 
few weeks. 

In Florida, the river traverses ma- 
ture karst development. Sinkholes, 
stream sinks, and springs are typical 
terrain features (2). The numerous 
springs contribute a significant amount 
of water to the base flow of the river. 
The Floridan aquifer that underlies 
the entire system is characterized by a 
high porosity and hydraulic conductiv- 
ity. Nonuniformity of the aquifer re- 
sults in caverns and solution holes that 
contribute large volumes of flow into 
the river (3). 

Physicallchemical features 
of the river 
The Withlacoochee River has steep 
bankswith amostly undeveloped shore- 
line. The river consists of a series of 
poolsandriffles,withthe channelgradu- 
ally becoming wider and deeper as it 
flows south. 

Water quality in the river varies 
primarilywith flowregimes and chang- 
ing land use. The drainage basin re- 
flects a general rural and agricultural 
character. However, during periods of 
moderate to elevated rainfall, storm- 
water runoff from nearby swamps and 
forests results in high color levels. 

TheriverisaclassIIIsurfacewater. 
As such, it is designated as “fishable 
and swimmable” for recreational pur- 
poses. 

River biology 
The biological assemblage in the river 
includes a mixed community of plants, 
vertebrates, and invertebrates that 
supports arecreational fishery for local 
residents. Fishes in the river are those 
found commonly within the Suwannee 
River drainage basin. These form a 
population of bass and sunfish, catfish, 
and small forage species. Gars and bow- 
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1. Effluent and river data for the study period 

Effluent River 
flow, ROD TSS, flow, 

Sampling period &/day mg/L kg/day kg/&s kg/day &/s 

1989 

1990 
November 

January 
March 
May 

1987 
1988 
1989 
1990 
1991 

(ll/l-11/29) 33,308 11 361 68.9 

(1124-2/21) 182,437 11 1564 24.0 
(3121-4118) 106,737 8 836 17.6 
(5115-6113) 26,117 13 345 65.7 

Annual average data 

88,569 13 1140 65.7 
82,513 10 796 48.1 
84,027 7 570 49.7 
63,210 10 653 68.9 

168,433 6 1018 22.4 

256 5.3 

1016 78.2 
917 52.6 
655 5.3 

771 67.3 
765 39.1 
727 22.2 
668 26.3 

1336 140.5 

1. Sampling locations on the Withlacoochee River in the vicinity of the mill’s outfall 

\ \  
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Scale in meters 
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II. Mean values for data from Hester-Dendy multiplate substrates; individual sampling periods and total study period 

Species 
richness, 
number 

Sampling of Abundance, S W diversity (Base 2“) Florida 
period Location taxa organisms/+ All data Adjusted datab index 

November 1989 Upstream 
Downstream 
Florida BIR, % 

Downstream 
Florida BIR, Yo 

Downstream 
Florida BIR, % 

Downstream 
Florida BIR, % 

Upstream 
Downstream 
Florida BIR, % 

January 1990 Upstream 

March 1990 Upstream 

May 1990 Upstream 

Overall mean values 

23 
27 

37 
27 

34 
34 

36 
24 

... 

... 

... 

... 

32 
28 
... 

609 
487 

4288 
3735 

3121 
5494 

2061 
1644 

... 

... 

... 

... 

2585 
2920 

... 

“Index calculated using logarithms in base 2 
bValues for Rheotanytarsus exiguus gr. and Simulium sp. omitted from the data 

3.13 
3.28 
105 

2.85 
2.40 

84 
3.21 
2.44 

76 
3.37 
2.70 

80 

3.1 1 
2.70 

87 

3.13 
3.28 
105 

3.67 
3.49 

95 
3.67 
3.68 
100 

3.37 
2.70 

80 

3.47 
3.33 

96 

14 
14 

32 
25 

30 
30 

18 
13 

... 

... 

... 

... 

24 
21 
... 

2. Mean abundance of organisms colonizing the Hester-Dendy sub- 
strates above and below the outfall durina the four samolina oeriods 

3. Mean species richness of organisms colonizing Hester-Dend 
substrates above and below the outfall durina the four samolina oeriod 

6000 L- 
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1989 
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1989 
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111. Mean values for data from Hester-Dendy multiplate substrates; individual sampling stations for each sampling period a 

Species 
richness, 

Sampling number Abundance, SW diversity (Base 2) Florida 
period Station of taxa organisms/nF All data Aqusted data index 

November 1989 

January 1990 

March 1990 

May 1990 

Upstream 
Upper limit 
Average 
Lower limit 
Std. dev. 

Downstream 
Upper limit 
Average 
Lower limit 
Std. dev. 

1 w  
1E 
2 w  
2E 
3 w  
3E 
4w 
4E 
1 w  
1E 
2 w  
2E 
3 w  
3E 
4 w  
4E 
1W 
1E 
2 w  
2E 
3 w  
3E 
4w 
4E 
1 w  
1E 
2 w  
2E 
3w 
3E 
4w 
4E 

22 
23 
23 
25 
20 
22 
31 
33 
34 
51 
26 
35 
29 
20 
22 
36 
34 
42 
27 
32 
39 
26 
35 
37 
29 
43 

ND 
ND 
21 

ND 
28 
24 

36 
32 
27 
8 

31 
28 
25 
6 

627 
526 
847 
434 
536 
297 
606 
509 

13,073 
1,115 
2,298 

666 
2,035 
3,839 
5,379 
3,685 
3,733 
3,084 
4,596 
1,069 
4,202 

835 
8,446 
8,493 
1,078 
3,043 

ND 
ND 
967 
ND 

2,373 
1,593 

4,254 
2,585 

91 6 
3,185 

4,262 
2,920 
1,578 
2,651 

"ND = no data (samplers lost or vandalized) 
bStations 1 and 2 are upstream; Stations 3 and 4 are downstream. 
CValues for Rheotanytarsus exiguus gr. and Simulium sp. omitted from the data 
dUpper and lower limits expressed at 95% confidence interval 

3.01 
3.30 
3.10 
3.1 1 
2.79 
3.07 
3.61 
3.65 
0.98 
4.32 
2.08 
4.00 
2.96 
1.78 
2.20 
2.64 
2.44 
3.95 
2.83 
3.62 
2.35 
2.94 
1.76 
2.69 
3.43 
3.31 
ND 
ND 

2.86 
ND 

2.79 
2.45 

3.54 
3.1 1 
3.25 
0.83 

2.97 
2.70 
2.43 
0.53 

3.01 
3.30 
3.10 
3.11 
2.79 
3.07 
3.61 
3.65 
3.35 
4.37 
2.97 
3.97 
3.57 
3.50 
2.72 
4.16 
3.55 
4.01 
3.25 
3.86 
3.94 
3.53 
3.83 
3.41 
3.43 
3.31 
ND 
ND 

2.86 
ND 

2.79 
2.45 

3.69 
3.47 
3.25 
0.41 

3.58 
3.33 
3.08 
0.49 

13 
11 
12 
18 
10 
9 

21 
14 
32 
32 
27 
36 
21 
20 
23 
34 
34 
33 
25 
29 
30 
21 
33 
34 
16 
19 

ND 
ND 
11 

ND 
16 
11 

29 
24 
20 
9 

25 
21 
16 
9 

fin also are part of the resident fish 
community. Marine anadromous spe- 
cies such as the Gulf sturgeon occasion- 
ally find theirway into the Withlacoochee 
River to spawn. A survey by the Florida 
Game and Fresh Water Fish Commis- 
sion documented 37 species in the vicin- 
ity of the study area (4).  Species 
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commonly favored by anglers are mem- ject of ongoingresearchformanyyears. 
bers of the sunfish family. The selected parameter for biological 

monitoring is commonly the benthic 
Mill discharge macroinvertebrate community. Effects 

ofmill discharge on this biological com- to the aquatic environment partment are assessed via population 
The effect of pulping effluents on the size or biomass per unit area and spe- 
aquatic environment has been an ob- cies composition. community stme- 



IV. Distribution of organisms colonizing Hester-Dendy substrates above and below the effluent discharge 

Mean abundance, organisms/& 
Taxonomic November 7989 January 7990 March 1990 May 1990 
arOuD Above Below Above Below Above Below Above Below 

Insecta 
Coleoptera 
Chironomidae 
Diptera (other) 
Ephemeroptera 
Megaloptera 
Odonata 
Plecoptera 
Trichoptera 

Others 
Acari 
Amphipoda 
Decapoda 
Gastropoda 
lsopoda 
Oligochaeta 
Turbellaria 

0 
1669 

0 
42 
0 
1 
0 
9 

0 
4 
0 
0 
0 
0 
0 

“Primarily Rheotanytarsus exiguus gr. 
bPrimarily Simulium sp. 

0 
1158 

0 
31 
0 
2 
0 

28 

11 
848 

3278b 
91 
3 
1 
7 

15 

0 
231 6 
1 288b 

98 
0 
1 
1 

21 

0 5 0 
24 9 3 
2 0 0 
1 1 2 
0 16 1 
0 3 5 
0 2 0 

2 
2240 

2 
5 
6 
2 

38 
5 

2 
4478a 

2 
4 
1 
0 

14 
5 

4 
1720 

27 
7 
0 
3 
0 
3 

4 0 0 
0 5 0 
0 0 2 
9 20 11 
5 3 0 
4 15 0 
1 6 0 

2 
1264 

3 
2 
0 
1 
0 
3 

0 
0 
0 
2 
0 
3 
0 

ture is expressed by various indices, 
the presence or absence of pollution- 
sensitive organisms, and functional 
group relationships (5). 

Table I shows the effluent andriver 
flows during the study period. Efflu- 
ent flow to the river ranged from 26.1 x 
103 m3/day (6.9million gayday) to 182.4 
x103m3/day(48.2milliongal/day).Table 
I also shows BOD and total suspended 
solids (TSS) characteristics of the ef- 
fluent. Over a five-year period, the an- 
nual average BOD and TSS reached 
maxima of 1140 kg/day (2513 lb/day) 
and 1336 kglday (2946 lb/day), respec- 
tively. 

Study method 

Sampling strategy 

In this study, the sampling regime was 
designed to 

Determine whether natural patchy 
distribution of life forms would sig- 
nificantly affect the SW diversity 
index in this reach of the river 

Ensure appropriate statisticaltreat- 
ment of the data. 

Because of the possible confound- 
ing influence of patchy distribution, it 
was decided that amere two stations- 
one above and one below the 
confluence-would not be adequate to 
distinguish patching effects from ef- 
fluent impacts. Therefore, four sam- 
pling locations were designated above 
the mill’s discharge, and another four 
sampling locations were established 
downstream. Locations are illustrated 
in Fig. 1. 

Regulations in the state of Florida 
require the use of Hester-Dendy 
multiplate samplers for collection of 
aquatic macroinvertebrates in fi-esh 
water. However, many species do not 
colonize these artificial substrates be- 
cause the devices do not provide suit- 
able habitat. Supplementary data 
relatingto this aquaticcommunitywere 
obtained by collecting 2-h timed quali- 
tative samples using dip nets (US. 
Standard No. 30 mesh) at the six sam- 
pling locations illustrated in Fig. 1. 

Explanation of indices 
The SW diversity index is required to 
demonstrate compliance with the 
Florida BIR. The SW diversity index 

is determined by two components: the 
degree of evenness in the distribution 
among species (or distinct taxonomic 
groups) and the number of species (or 
distinct taxonomic groups). The index 
generally ranges from 0 to 4. Moder- 
ately high to high values (34)  indicate 
clean water conditions, whereas low to 
moderately low values (0-2) are char- 
acteristic of stressed waters. 

There axe other indices that can be 
used to evaluate the quality of the 
macroinvertebrate communities. One 
of these useful for riverine water-qual- 
ity evaluation is the Florida index 
(Beck’s biotic index), which is specifi- 
cally designed for use in flowing wa- 
ters. The index is calculated from the 
number of species within a selected 
grouping that has been classified as 
intolerant of organic pollution (6). Ten 
is designated as the lowest acceptable 
value indicative of good water quality. 

Species richness (the number of dis- 
tinct specieswithin agiven collection of 
organisms) and macroinvertebrate 
abundance (the total number of organ- 
isms per square meter) are also impor- 
tant parameters frequently used to 
describe the status of the macroinver- 
tebrate community. 
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4. Mean values for qualitative samples obtained from natural sub- 
strates at Stations 2-4 (March 21 and May 16) 

6. Mean values for studies reported by the Suwannee River Water 
Management District, March 1989 through June 1990. Organisms were 
collected from Hester-Dendy substrates. WIT01 0 is above the outfall; 
WIT020 and WIT030 are below the outfall. 

45 €--- 

RICHNESS, ABUNDANCE SW DIVERSITY FLORIDA 
no. of taxa ( x W ) ,  (Base 2) INDEX 

organismdmz 

40 tP1 
35 

30 

25 2 
> 20 z 
2 

15 

10 

5 

0 
RICHNESS, . ABUNDANCE SW OlVERSlTY FLORIDA 
no. of taxa (xlpz), (x10) (Base 2) INDEX 

organisms/m* 

Sample collection and pro’ocessing 
Hester-Dendy multiplate samplers 
were place din the Withlacoochee River 
at the eight locations shown in Fig. 1 
during four 28-day sampling periods 
(Nov. 1-29,1989; Jan.24-Feb.21,1990; 
March 21-April 18,1990; and May 15- 
June 13, 1990). Four samplers were 
incubated for a 28-day period at each 
location. Stations 1 and 2 were located 
above the outfall, and Stations 3 and 4 
were downstream. Samplers were 
placed on the east and west banks of 
the river at each sampling station. 

The Florida Department of Envi- 
ronmental Regulation (FDER) col- 
lected and processed samples from the 
east bank of Stations 2 and 3. Samples 
from the remaining six locations were 
collected by themill‘s consultant. Three 
samplersfromeachlocationwereproc- 
essed, and the fourth sampler was 
archived. Both groups worked closely 
together in setting up the sampling 
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and processing methodology to ensure 
that the data would be comparable. All 
data were shared. 

The timed qualitative samples were 
collected from the east and west banks 
of Stations 2,3, and 4 on March 21 and 
May 16. Natural substrates were 
sampled from the stream banks using 
dip nets (U.S. Standard No. 30 mesh). 
Organisms were sorted in the field for 
2 h %t each sampling location. 

Samples were inventoried at the 
laboratory. Each was assigned a se- 
quential number, which was entered 
into the sample logbook. Stages of proc- 
cessing in the laboratory included 
“picking” or sorting (removal of organ- 
isms from the substrate), enumera- 
tion, andidentification of the specimens. 

Results of the study 

Hater-Dendy multiplate 
sampler data 
Table I1 shows that meanvalues of SW 
diversity for the four sampling periods 
from November to June ranged from 
3.1 to 3.4 above the mill’s outfall and 
from 2.4 to 3.3 below. During each 
downstream samplingperiod, themean 
SW diversity was greater than 75% of 
the corresponding upstream value. 

Mean data for the eight individual 
sampling stations during each sam- 
plingperiodarelistedinTableII1. The 
individual SW diversity indices varied 
considerably because of patching and 
seasonal pulsing both above and below 
the discharge. For this reason, compli- 
ancewith Florida’sBIRismoreappro- 
priately based on means from multiple 
sampling events rather than single- 
event analysis from individual collec- 
tion points. 



5. Shannon-Weiner diversity of organisms colonizing Hester-Dendy substrates at individual sampling stations for each of the four sampling 
periods. Left graph: results for all data collected. Right graph: adjusted results (data for Rheotanyfarsus exiguus gr. and Simulium sp. omitted). 
Widevariations in graph at left illustrates the impact of spatial patching and temporal patching. The graph at right has been adjusted to compensate 
for this patching, resulting in a much more uniform distribution of values. 

. 

4.5 

4.0 

3.5 

al 
2 3.0 

3 

5 

iij a 
2 2.0 
n 
5 

c 2.5 

UI 

U) 1.5 

ALL DATA ADJUSTED DATA 
(Rheotanytarsus exiguus gr. and Simulium sp. omitted) 

0.5 

0 i 
November 

1989 

‘Oownstrei 
January ~ March 

1990 1990 

Upstream 

+west 0 l-&ast 

- 
rea 

May 
1990 

4.0 

4.5 r 
3.5 

3.0 

2.5 

2.0 

1.5 

1 .o 

0.5 

0 

November 
1989 

Sampling station: 

0 2-east 0 3-west 

January 
1990 

ream Downstre 
March 
1990 

May 
1990 

Downstream 

0 3-east 4-west 4-east 

Figure 2 shows the mean abun- 
dance of macroinvertebrates above and 
below the discharge during the four 
sampling periods. Mean abundance 
was lowest duringlate fall, with arange 
of 500-600 organisms/m2. Maximum 
abundance above the discharge was 
observedin January(= 4300/m2),while 
maximum abundance below the dis- 
charge occurred in March (= 5500/m2). 
Based on the mean for the entire study 
period, abundance above the discharge 
(= 2600/m2) was not significantly dif- 
ferent from that below (= 2900/m2). 

Figure 3 shows the mean species 
richness above and below the discharge 
during the four sampling periods. The 
maximum mean species richness was 
37 taxa, which occurred in January 
above the discharge. Overall species 
richness observed above the discharge 
was 32, not significantly different from 
the species richness of 28 below the 
discharge. During late fall and early 

spring, thenumber of species collected 
below the discharge was equal to or 
greater than upstream species rich- 
ness. Fewer species were observed 
below the discharge in winter and late 
spring. 

Throughout the study, Chirono- 
midae dominated the macro-inverte- 
brate community, as seen in Table IV. 
Intermittent pulsing by Rheot- 
anytarsusexiguusgr. (familychirono- 
midae) and Simulium sp. (order 
Diptera) also is apparent in Table IV. 
This pulsing accounted for a decrease 
in SW diversity index, which could af- 
fect interpretation of the BIR. 
Ephemeroptera andTrichoptera were 
secondary dominants during fall and 
winter,whilePlecopterafYledthisniche 
in early spring. 

Based on means for all stations, the 
Florida index was above 10 for the four 
sampling periods, as seen in Table 11. 
The poorest water quality occurred 

during the fall, when the index average 
was 14 above and below the outfall. 
Similarly, thehighest overallindexval- 
ues were observed in March, when 
means above and below the discharge 
were 30. 

Data f i ~ m  natural substrates 

Samples were gathered from natural 
substrates in the river to supplement 
the collections from the Hester-Dendy 
artificial substrates. The natural-sub- 
strate samples were gathered in early 
spring (March 21) and in late spring 
(May 16). These qualitative data were 
independently analyzed using SW di- 
versity index and the Florida index, 
although this information is not si@- 
cant for regulatory compliance. Over- 
all results for both sampling periods 
are given in Fig. 4. 

For these two periods, mean values 
forthe Swdiversityindexrangedfrom 
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3.9 to 4.1 above the discharge and from 
4.0 to 4.3 below the discharge. The 
Florida index below the discharge was 
equal to or higher than the index above 
the discharge. On March 21, the aver- 
age Florida index values above and 
below the discharge were 8 and 13 
respectively. On May 16, the average 
Florida index above the discharge was 
13, compared with 17 below the dis- 
charge. Table V shows the distribu- 
tion of organisms among the natural 
substrates. 

Discussion 

Historical record 
Prior to mill construction, the Institute 
of Paper Chemistry (IPC) conducted 
surveys of the Withlacoochee River. 
During the summers of 1952 and 1953, 
collections were made of the 
macroinvertebrate fauna between 
Clyattville, GA, and Old Town, FL. 
This early qualitative sampling showed 
a macroinvertebrate assemblage com- 
posed of mayflies, stoneflies, caddis 
flies, dragonflies, and various species 
of midges (7 8). 

After the mill came on-line, the sur- 
veys were continued in an effort to 
characterize the macroinvertebrate 
community above and below the dis- 
charge. Data collected from 1962 
through 1976 (9) show 25 taxa as the 
average species richness in the river 
above the dischargevs. 23within a914- 
m reach below. The ratio of organisms 
intolerant ofpollution to the totalpopu- 
lation above the discharge ranged from 
0.18 to 0.92, with a mean of 0.69. Below 
the discharge, the ratio varied from 
0.07 to 0.74, with a mean of 0.38. How- 
ever, onaverage for the periodofrecord 
ending in 1976, the mean number of 
intolerant organisms below the dis- 
charge of the mill was 997. An average 
number of 769organisms was observed 
above the discharge. On average, total 
organisms per sample below the dis- 
charge was 2963 vs. 1087 above. These 
results, along with increased biomass 
of macroinvertebrates below the dis- 
charge, followed trends noted by 
NCASI in an extensive review of simi- 
lar studies (10). 

106 January 1993 Tappi Journal 

V. Distribution of organisms among natural substrates above and below the effluent discharge 

Taxonomic 
group 

Mean Donulation * 
I I - -  - 

March 2 1, 1990 May 16, 1990 
Above Below Above Below 

Insecta 
Coleoptera 
Collembola 
Chironomidae 
Diptera (other) 
Ephemeroptera 
Hemiptera 
Odonata 
Trichoptera 

Acari 
Amphipoda 
Decapoda 
Gastropoda 
lsopoda 
Oligochaeta 
Pelecypoda 
Porifera 
Turbellaria 

Others 

3 
0 
5 
1 
3 
1 
0 
0 

1 
5 
8 
2 
1 

17 
1 
0 
0 

7 
1 

22 
4 
2 
3 
6 
2 

13 
27 
6 
2 
1 
3 
1 
0 
0 

11 
1 
8 
3 
6 
2 

10 
2 

7 
16 
18 
4 
4 
7 
2 
1 
1 

12 
0 

19 
6 

19 
4 

24 
3 

4 
43 
10 

10 
5 
8 
1 
1 

6 .  

‘Values represent population means for a 2-h collection period at the east and west banks 
of Stations 2, 3, and 4. 

In these studies of macro-inverte- 
brate characterization, NCASI re- 
ported that approximately 50% (23 of 
40 sites) showed some effect that was 
attributed to pulping effluent (10). No 
clear distinction could be made be- 
tween bleached or unbleached opera- 
tions. At 18 of the 23 sites, effects were 
noted only in the immediate mixing 
zone within several hundred meters of 
the discharge point. In the remaining 
five cases, effects extended beyond the 
mixingzone, but usudlynotmore than 
3 km downstream. The effects that 
were noted within the mixing zone in- 
cluded: 

An increase in the abundance of 
species tolerant of organic enrich- 
ment 

A shift in functional feeding groups 

Reduced diversity. 

In most cases, shifts in the commu- 
nity structure suggested organic en- 
richment effects rather than toxicity 
or other physicakhemical impacts of 
the effluent. In such cases, an overall 

decrease in species diversity was not 
accompanied by a reduction in 
macroinvertebrate density or biomass. 
Consequently, higher life forms were 
not deprived of available food. 

“Patching” and data interpretation 
Analysis and interpretation of 
macroinvertebrate data can be influ- 
enced by the surface distribution and 
periodic population pulsing of selected 
species. Many aquatic organisms, par- 
ticularly immature aquatic insects, are 
found in very specific microhabitats. 
Most of the immature aquatic insects 
remain in the area in which the eggs 
were originally deposited by clinging 
to or burrowing into the substrate. 
Thus, immature aquatic insects occur 
in patches. Aquatic species may be 
clumped temporally as well as spa- 
tially, occurring in abundance at spe- 
cific times of the year. 

The phenomena of spatial patching 
and seasonal peaks in abundance pose 
problems when attempting to evaluate 
SW diversity index values, which are 



VI. Overall mean values for species richness, abundance, Shannon-Weiner species diversity 
index, and Florida (Beck‘s) index above and below outfall” 

Change, Signif- 
Parameter Upstream Downstream % icanceb 

Species richness, 
number of taxa 31.86 28.2 -1 1.5 NS 

Abundance, organisms/m2 2585 2920 13.0 NS 
SW diversity index 

All data 3.1 1 2.70 -12.9 NS 
Adjusted datac 3.47 3.33 -4.0 NS 

Florida index 24.0 20.5 -14.6 NS 

aData collected from Hester-Dendy multiplate substrates 
bNS = no significant difference based on Student t test, p = 0.05 
“Rbeotanytarsus exiguus gr. and Simulium sp. omitted from the data 

greatly influenced by evenness of dis- 
tribution (abundance) among the spe- 
cies present (11). The SW diversity 
index can be lowered drastically by the 
high abundance of one or more species. 
Consequently, it can be difficult to de- 
termine whether low SW diversity in- 
dex values are the result of patching, 
normal seasonal pulses in abundance, 
or deleterious water quality. 

Where these natural phenomena 
may occur, the study design must take 
into account such confounding param- 
eters to provide statistically meaning- 
ful results. The use of multiple stations 
within a relatively short distance is 
necessary to differentiate patching ef- 
fects from water-quality impacts. Fig- 
ure 5 (left graph) shows the wide 
variation among the individual stations, 
both upstream and downstream. It is 
evident that the variation among up- 
stream stations is as great or greater 
than the variation between upstream 
and downstream stations. 

The low individual SW diversity in- 
dex upstream of the discharge at Sta- 
tion 1W in January (Table I11 and Fig. 

5, left graph) is an example of the ef- 
fects of spatial patching and seasonal 
pulses on SW diversity index. In this 
case, the lowering of SW diversity in- 
dex is caused by a pulse in abundance 
of black flies, Simulium sp. This sug- 
gests that sufficient nutrients and food 
are available upstream of the discharge 
to support such apulse and that similar 
pulses in abundance downstream of 
the confluence are probably not caused 
by paper mill discharge. In March, a 
similar pulse in R. exiguus was ob- 
served at other stations. 

During these pulses, diversity was 
primarily affected by the abundance of 
R. exiguw and Simulium sp. Gener- 
ally, diversity values were low when 
these species were most abundant. 
These species are known to periodi- 
cally attain extremely high population 
levels under normal conditions in 
Florida streams. In an unpublished 
paper, the FDER has suggested that 
during periods of extreme abundance, 
such species may be treated as “invis- 
ible species’’ and may be eliminated 
from the data for purposes of evaluat- 

ing the BIR (12). Rheotanytarsw and 
simuliids were specifically mentioned 
as potential “invisible species.” 

After R. exiguus was omitted from 
the March data, the index values for 
the individual stations were much more 
uniform. Table I1 shows that the mean 
downstream diversity (3.68) was ap- 
proximately the same as the mean up- 
stream diversity (3.67). The greater 
uniformity of the modified data are 
apparent by comparing the left and 
right graphs in Fig. 5. 

In situations such as this, the natu- 
ral variables can overwhelm assess- 
ment objectives. With multiple 
close-range sampling stations, the use 
of the mean index values for compari- 
son of upstream and downstream wa- 
ter quality is more appropriate and 
provides a more accurate assessment 
of any impacts from the discharge. 
Therefore, for each sampling period, 
mean upstream and downstream SW 
diversity index values were calculated 
for use in determining compliance or 
noncompliance with the BIR. Mean 
values for the entire study period are 
listed in Table VI. 

Likewise, a more representative 
picture of the macroinvertebrate com- 
munities is obtained by excluding or- 
ganisms such as R. exiguus. The SW 
diversity index data presented in 
Tables I1 and I11 show meanvalues for 
the different sampling periods (Table 
11) and for the individual sampling sta- 
tions during each sampling period 
(Table 111). SW diversityindexresults 
with and without exclusion of R. 
exiguus are listed as well. The mean 
values were compared for the compli- 
ance calculation in the Florida BIR. In 
both cases, the results show that com- 
pliance with the rule is being met. 

The qualitative data, although not 
applicable for determining regulatory 
compliance, provide additional support 
for the conclusion that the discharge is 
in compliance. The qualitative SW di- 
versity index and Florida index values 
for the downstream stations were equal 
to or higher than the upstream sta- 
tions. 

. 
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Other studies 

Additional information can also be 
gained by review of other 
macroinvertebrate studies in thisvicin- 
ity of the Withlacoochee River. The 
macroinvertebrate collections by IPC 
prior to and following mill operation 
contained a diverse population includ- 
ingmayflies, caddis flies, stoneflies, and 
dragonflies. These species, which are 
recognized as pollution-intolerant 
forms, continue to be a part of the bio- 
logical community above and below the 
discharge of mill effluent t o  the 
Withlacoochee River. Because of dif- 
fering collectingmethods, succinct com- 
parisons cannot be made with these 
early investigations. However, some 
insight can be gained by examining the 
number of taxa and number of organ- 
isms with the historical record. 

The early IPC study reported mean 
species richness above and below the 
discharge as 25 and 33, respectively. 
Our study showed a mean of 32 taxa 
above and 28 taxa below the discharge. 
Comparisons beyond the number and 
the presence of intolerant species are 
not valid because of different collecting 
techniques. The results reported herein 
show that the macroinvertebrate com- 
munity in the river, with regard to num- 
ber of species and the presence of 
clean-water forms, has not altered dur- 
ing the years of mill operation. 

Another macroinvertebrate study 
is being conducted by the Suwannee 
River Water Management District as 
part of Florida’s surface-water man- 
agement program. This study is being 
carried out to assess current water 
quality and long-term trends. Three 
monitoring stations are maintained on 
the Withlacoochee River. Station 
WITOlO is upstream and WIT020 and 
WIT030 are downstream of the mill’s 
discharge. Data from these stations 
are of interest, even though the dis- 
tance of many kilometers between sta- 
tions means that there can be factors 
other than the mill’s discharge influ- 
encing the results. Comparison of data 
for WITOlO and WIT020 in Fig. 6 indi- 
cates slight impact on the downstream 
benthos. More importantly, the data 
show good water quality at all stations, 
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with mean S y  diversity index values 
between 3 and 4 and Florida index 
values above 20 at each site. 

Conclusion 

Results of this study show that design 
and data-evaluation criteria are criti- 
cal if meaningful conclusions about 
water quality are to be derived from 
investigations of macroinvertebrate 
communities in receiving waters. Sig- 
nificant variation was observed in the 
sample communities between indi- 
vidual stations as the result of patch- 
ing, a natural phenomenon that occurs 
because of seasonal peaks in abun- 
dance of certain species and uneven 
spatial distribution. Because of this 
patching, comparison of upstream and 
downstream water quality is best as- 
sessed using mean index values. Such 
an approach provides a more statisti- 
cally accurate assessment of any im- 
pacts from the discharge. 

Based on quantitative and qualita- 
tive evaluation of various indicators of 
water quality, the discharge from the 
1110-ton/day unbleached kraft 
linerboard mill invaldosta, GA, has no 
significant impact on the macroinver- 
tebrate community of the 
Withlacoochee River. Species richness 
and the presence of pollution-intoler- 
ant forms are similar to the community 
structure observed almost four decades 
ago in a study conducted by the IPC, 
prior to the mill’s operation. 

The SW diversity index and Florida 
index values indicate that similar, 
healthy, and well-balanced populations 
exist above and below the discharge. 
Water quality as determined by the 
Florida index (Beck’s biotic index) was 
not affected by the discharge from the 
mill. The mean SW diversity index 
value downstream was 87% of the up- 
stream mean SW diversity indexvalue 
using all data. Using adjusted data, 
SW diversity index downstream was 
96% of the upstream value. These re- 
sults demonstrate compliance with the 
Florida BIR, which requires a down- 
stream SW diversity index of at least 
75% of the upstream value. 
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