
with one another and assess the redundancy of each measure, monthly metric scores 
from each site were correlated and inserted into a Pearson correlation matrix. Forty 
RICH scores -- one score from each of four sites over 10 months of sampling were 
correlated with 40 EPTI scores (d.r. = 38; r critical == 0.325). 

RESULTS 

Water quality patterns 

Stream water quality data indicated that all four streams had healthy median 
dissolved oxygen (DO) levels and were well buffered but differed considerably in their 
dissolved constituents (SpCon), turbidity (NTU), and temperature (T) regimes (Table 
2). The SUB had the highest maximum T, SpCon, and NTU and the highest median T. 
At the other end of the spectrum, FOR had the lowest m<L'(ima and medians for SpCon 
and NTU. Water quality values (maxima and medians) for the RUR and AGR sites 
were between those from the FOR and SUB sites. 

1 rerLdj ~Ii- i.•/r:;rllfLI'- rfH::.U"H.:,j 

All metrics indicated better benthic community health at the RUR and FOR sites 
based on year-averaged scores from the 10 months of sampling (Table 3). Whereas 
four of the metrics (RICH, sm, PMA and PDOM) indicated that RUR had the 
healthiest macroinvertebrate community, scores from the three other metrics (FBI, 
EPTI, and PCHIR), indicated that FOR had the healthiest macroinvertebrate 
community. Conversely, five of the seven metrics (RICH, sm, PMA, PCHIR, and 
PDOM) indicated that AGR had the most impaired macroinvertebrate community, 
while the remaining two mctrics (FBI and EPTI) indicated that SUB had the most 
impaired macroinvertebrate community. The repeated measures ANOVA indicated 
significant (P < 0.05) differences among sites on all metrics except SOl. The greatest 
differences in metric scores among the four sites were found with PMA, FBI, and 
EPTI. 

The RlJR and FOR were assessed as non-impaired on all four applicable metrics 
(RlCH. FBI, EPTl, and PDOrvO when their summer-averaged scores were compared to 
the framework of USEPA RBP II biological impairment criteria (Table 4), indicating 
that these two sites were healthiest in terms of their aquatic biota. Although most 
year-averaged metrics ranked SUB above AGR on benthic health, comparisons to the 
RBP II bio-impairment criteria indicated that the summer-averaged scores at these 

Table 3. Repeated measures ANOVA for testing differences in the benthic metric 
scores among sites (yearly averages; d.f. = 3,39) and between seasons 
(summer versus vvinter; d. f = 1.30), RICH = family taxa richness, SOl = 

Shannon-Weiner diversity index, PIvL<\ = percent model affinity, FBI == 
family-level biotic index, EPTI == Epheroptera-Plecoptera-Trichoptera index, 
PCHIR = % Chironomidae, RDOM == % dominant family. 

Factor RICH SDI PMA FBI EPTI PCHIR PDOM 
Among sites 
Suburban 15.9 2.1 71.1 4.9 38.5 28.1 27.3 
Rural 16.4 2.1 73.2 4.2 55.6 25.3 24.2 
Forested 15.4 2.1 64.1 3.9 62.9 21.3 27.0 
Agricultural 13.4 1.9 62.3 4.4 48.4 35.0 33.4 
P-value 0.0112 0.1691 0.0016 0.0023 0.0020 0.0163 0.0401 
Between seasons 

--Summer 13.1 1.8 62.9 5.0 32.6 44.1 30.0 
Winter 16.7 2.2 71.9 3.8 67.8 17.0 27.3 
P-value 0.0001 0.0003 0.0096 <0.00001 <0.0000 I <0.00001 0.6380 
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sites provided the same assessments. Both sites were non-impaired on FBI and RICH, 
moderately-impaired on the EPTI, and slightly-impaired on the PDOM metric. 
NYSDEC Biological Impairment Criteria of expected index values for flowing waters 
in New York contrasted with the REP II results. All four sites were assessed as 
slightly-impaired on the FBI metric (albeit at the lower end of the impairment scale), 
while the forested and agricultural sites were assessed as slightly-impaired on PMA. 

Seasonal variation ofmetries 

During summer, all seven metrics showed RUR as having the best benthic health, 
and AGR as having the worst benthic health (Table 5). However, during the winter 
months, only three metrics ranked RUR as having the best benthic health, while FOR 
had the most favorable scores on five of the seven metrics. Similar to summer month 
averages. metrics showed AGR had the worst benthic health on five of the seven 
metrics during the winter months. Therefore, as was the case with year-averaged 
metric scores, metrics indicated that RUR and FOR had healthier benthic communities 
t}~~1!"'" ,r 'l:! 'lti'i' ,r.D A,,,·;,.. ,-, ~." "",.""", ..,,.,rl ".; '""'\rtl. ", ,., •• :~,"' ' 
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Benthic metric scores displayed considerable differences between summer and 
winter. There was significant (P < 0.05) seasonal difference in all metrics except 
PDOM. The community composition metrics showed the largest seasonal variation, 
with mean EPTI scores increasing 108% from summer to winter, and mean PCHIR 
scores decreasing 159% from summer to winter. Results from the other metrics 
showed, as compared to summer months, winter month scores were: 27% higher for 
RICH: 25% higher for SOl; 14% higher for PMA; 31 % lower for FBI; and 10% lower 
for PDOM. 

All metrics showed greater percent change between seasons than among sites. 
That is, scores changed more within sites over the one-year sampling period than 
among sites during anyone month. Overall, the percent change of RICH averaged 
28% between the four sites and 41 % within-siles over the one-year sampling period. 

Table 4. Comparison of summer-averaged benthic macroinvertebrate metric from 
Cazenovia Creek watershed to USEPA bioimpairment criteria (REP II) 
showing % similarity to high REP II scores. Also shown are NYSDEC 
biological assessment scores. Interpretations (parenthetically): N = non­
impaired; M = moderately impaired; S = slightly impaired. 

Metric Suburban Rural Forested Agricultural 
(SUB) (RUR) (FOR) (AGR) 

USEPA 

RICH Score 14.0 14.3 12.0 12.0 
(N) (N) (N) (N) 

FBI Score 5.14 4.8 4.9 5.2 
(N) (N) (N) (N) 

EPTI Score 27.8 41.0 38.3 23.3 
(M) (N) (N) (M) 

PDOM Score 31.3 27.3 28.0 33.5 
(S) (N) (N) (S) 

J\:YSDEC 

Pjv1A Score 67.3 72.0 58.8 53.5 
- ­ ... -.-. -----·-fN}-----(N) (S) (S) 

FBI Score 5.1 4.8 4.9 5.2 
(S) (S) (S) (S) 

544 



--

y 

Average between-site percent change for SOL across the four sites over the year-long 
study period was 23%; within-site percent change averaged 44% for this metric. For 
PMA between-site percent change averaged just 21 %, while within-site percent 
change averaged 33%. Similarly, percent change averaged 25% between-sites and 
40% within-sites for FBI, 50% between-sites and 74% within-sites for EPTl, and 44% 
between-sites and 64% within-sites for the POOM metric. PCHlR displayed the most 
difference, in terms of both between-site and within-site percent change. Between-site 
percent change averaged 69%, while within-site percent change averaged 91 %. 

Coefficients of variation for each metric and site (Table 5) indicated that variation 
in metric scores increased with stream order. For all seven metrics, the second order 
sites (FOR and AGR) had mean variations of29% and 28% respectively, the third 
order site (RUR) had a mean variation of24%, and the fourth order site (SUB) had a 
mean variation of 19%. There were no significant (P > 0.05) differences between 
summer and winter variation in metric scores (i.e., metrics with low variation had low 
variation across both summer and winter). The composition metrics (EPTI and 
PCHIR) had higher variation both within and between the two seasuns lhan OW th..: 
other metric types. 

Metric redundancy 

Using a Pearson correlation matrix we investigated the redundancy of the seven 
metrics by metric type (richness, similarity, tolerance, and composition). In terms of 
metric type, the Pearson correlation matrix indicated that the richness and composition 
metrics had the highest redundancy (Table 6). The high redundancy is a result of both 
RICH and SOl measuring very similar aspects of the benthic assemblage. The only 
similarity metric examined (PMA) was not strongly redundant with any other metrics. 
In the matrix, PMA shared its highest r value with SOl (r = 0.535). Between the two 
tolerance metrics (FBI and POOM), there was no significant redundancy, as the two 
metrics shared an r value of 0.300. The highest degree of redundancy occurred 
between the composition metrics (EPTI and PCHIR). These two metrics correlated 
vvith an r value of -0.830 in the Pearson matrix, the negative sign indicating the strong 
inverse relationship between these two community descriptors. 

) 

Table 5. Mean benthic scores for summer and winter months from four sites in the 
Cazenovia Creek watershed. SUB = suburban, RUR = rural, FOR = 

forested, AGR = agricultural. Coefficients of variation are in parenthesis._ 
Summer Winter 

SUB RUR FOR AGR SUB RUR FOR AGR 
RICH 14.0 14.3 12.0 12.0 16.0 17.5 18.0 15.3 

(8.2) (6.7) (18.0) (23.6) (10.2) (14.4) (21.3) (9.8) 
SOl 1.88 1.9 1.7 1.6 2.2 2.3 2.3 2.1 

(11.1) (18.9) (25.1 ) (26.5) (8.9) (9.8) (12.6) (9.5) 
PMA 67.3 72.0 58.8 53.5 73.5 79.3 66.3 68.5 

(11.9) (13.0) (3.8) (11.2) (9.6) (8.8) (15.7) (9.4) 
FBI 5.1 4.8 4.9 5.2 4.5 3.7 3.4 3.7 

(4.9) , (7.8) (14.9) (4.7) (6.1 ) ( 11.5) (13.3) (25.8) 
EPTI 27.8 41.0 38.3 23.3 50.3 65.8 84.8 70.5 

(31.7) (29.9) (29.8) (28.2) (29.5) (16.0) (11.1) (31.8) 
PCHIR 42.3 38.5 44.5 51.3 20.3 19.3 5.5 23.0 

(26.2) (40.4) (44.6) (35.5) (38.8) (68.8) (119.2 (98.1) 
---------~._----------------~-_.

POOM 31.3 27.3 28.0 33.5 27.0 22.5 27.0 32.5 
(30.4)	 (60.6) (50.3 ) (46.4) (32.0) (21.9) (30.1) (24.2) 
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Table 6.	 Pearson correlation matrix of r values comparing seven family-level metrics 
with one another with data from four sites in the Cazenovia Creek watershed 
(n = 7, df= 38, r critical = 0.325). 

RICH SOl PMA PDOM FBI EPTI 

RICH 

SOl 0.818 

Piv1A 0.362 0.535 

POOM -0.484 -0.643 -0.290 

FBI -0.627 -0.636 -0.199 0.300 

EPTI 0.558 0.586 0.237 -0.238 -0.930 

PCHIR -0.761 -0.854 -0.366 0.510 0.843 -0.830 

DISCUSSI00l 

How do benthic indices val}' across the four sites representing different landuses and 
water quality? 

All seven metrics indicated that RUR and FOR had the best benthic community 
health on year-averaged, summer-averaged and winter-averaged scores. Conversely, 
SUB and AGR had the poorest benthic health scores on all year-averaged metric 
scores. The progression of biological impairment among sites according to USEPA 
biocriteria using summer-averaged scores was: RUR and FOR were non-impaired on 
all four metrics; and SUB and AGR were slightly-impaired on the PDOM and 
moderately-impaired on the EPTJ. Differences in hO\v the assessed level of biological 
impainnent can change based on methodology can be seen in the comparisons of 
metric scores using the USEPA RBP II biological impairment criteria and the 
NYSOEC expected index values for flowing waters in New York. According to the 
NYSOEC expected index values, FOR and AGR were slightly-impaired on thePMA 
metric, and all four sites were assessed as slightly-impaired on the FBI metric, 
although this assessment was borderline according to the NYSDEC criteria. Stream 
order most likely played a role in the level of assessed biological impairment for the 
PMA metric. as scores on this measure were consistently 100ver at the two second­
order sites than the third- and fourth-order sites. 

Greater biological impainnent was expected at SUB as this site is surrounded by a 
high percent of impervious surfaces and has narrow riparian buffers (often <10m) and 
reduced canopy cover. These characteristics allow runoff to reach the stream without 
being significantly filtered and likely contributed to increased stream temperatures and 
decreased dissolved oxygen measured at this site. Paul and Meyer (200 I) found that 
although urban and suburban land tends to be a small percentage of total catchment 
area, it exerts a disproportionately large influence on water quality both proximately 
and over distances. Marked declines in benthic indices have been found when percent 
impervious area (used as a surrogate of percent urban area) is greater than 8% - 15% 

-----rSfepe-riuck et al. 2002, Roy et al. 2003). Past research has also indicated that 
agriculturallanduse negatively impacts the benthic assemblage (Davis et al. 2003) but 
to a lesser degree than urban landuse (Stepenuck et al. 2002). Fitzpatrick et al. (2004) 
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found that the Illinois fish Alternative Index of Biotic Integrity and the 
macroinvertebrate index ranged from poor to excellent in agricultural/rural streams but 
varied between poor and fair for streams with more than 10% urban land. Our results 
suggested greater biological impainnent at AGR than at SUB but lower water quality 
at SUB. 

The RUR had non-impaired conditions on all metrics under the USEPA RBP II 
criteria. The percent of active crop land surrounding the rural site is relatively low 
compared to the primarily agricultural site. Previous studies have shown that streams 
in agricultural catchments usually remain in good condition until the extent of 
agriculture increases to 30-50% of total catchment area (Quinn and Hickey 1990, 
Quinn 2000, Bennett et al. 2004). In fact, Quinn (2000) observed that small increases 
in agriculture actually increased pollution intolerant benthic macroinvertebrate 
abundance, but increases greater than 30% resulted in declines of intolerant taxa and 
increases of pollution tolerant taxa. Bennett et al. (2004) found elevated 
macroinvertebrate index scores fix streams subject to nutrient enrichment from canle 
runuil. j 11<:: pr-:I i111lllg l!1uUgU[ i~ Ulal Sllldli 1l11;r-:a~-:~ III ,lUll ie1ll~ <iici j.!Cl 'jJ~l) l\.ll' 

growth and assist benthic assemblages, but when a certain threshold is exceeded, 
eutrophication increases biochemical oxygen demand, which depletes dissolved 
oxygen levels and stresses resident benthos (Nelson and Booth 2002). Such a stress 
relationship is suggested in our research in relation to RUR and AGR. The RUR, with 
a low percent of active cropland had metric scores that exceeded those of even FOR, 
while the AGR with a high percent of active cropland, displayed metric scores that 
were consistently among the least favorable of all sites. 

The variability of coefficients of variation that we recorded suggests that metric 
variation decreases with increasing stream order. The findings of greater variability of 
benthic metric scores from low order streams is supported by Linke et al. (1999) who 
found metric variation to be higher on low order streams. Compared to higher order 
streams (third- through sixth-order) there is generally much less total habitat in low 
order streams simply due to the lower amount of substrates available for colonization. 
Also, whereas higher order streams tend to have greater equilibrium in flow, 
temperature, and dissolved oxygen regimes, lower order streams tend to be subject to 
comparatively larger fluctuations, with quicker changes in stream conditions (Vannote 
et a!. 1980, Allan 1995). The effects of macro invertebrate life histories may also 
influence the variability of benthic metrics across stream orders. When a community 
is dominated by few families, the life history patterns of those families may result in 
large metric variations between seasons. The influence of stream order may have 
particularly affected metric outcomes in regards to the richness (RICH and SDl) and 
composition (EPTI and PCHIR) measures. 

What are the seasonal variations in benthic metries and what are the implications for 
biomonitoring? 

The benthic assemblage health, as measured by the seven metrics, was much better 
during the winter months than during the summer months. The differences in scores 
were such that sites that were assessed as slightly or moderately impaired under the 
NYSDEC biologicaLimpairment criteria during the summer would have been assessed 
as non-impaired under the same criteria during the winter (e.g., FOR and AGR on the 
PMA metric). For the FBI, all four sites were assessed as slightly-impaired during the 
summer months, but all four '","ould have been assessed as non-impaired during the 
winter months. These findings are consistent with those ofHilsenhoff(1988), who 
found lower FBI values (indieatffig-tml*EW~bernhic-rommunity-health)rluring the 
winter months. Although the trend of poorer metric scores in the summer and 
improved scores in the winter was true for all metrics, it was especially pronounced for 
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the richness (RICH and SDI) and composition (EPTI and PCHIR) metrics. PMA and 
PDOM displayed the least change between summer and winter. This was similar to 
Linke et al. (1999) who found POOM showed no significant change between summer 
and winter, while RICH and FBI showed much larger seasonal variations. 

Certain metrics (EPTI and PCHIR) had much greater seasonal variation than 
others. This was most likely due to the narrower range of families these metrics 
examined and the life history effects of those families. Life histories of families 
within a community have been shown to alter the observed composition of the benthic 
assemblage throughout the year (Linke et al. 1999). The degree to which life histories 
affect benthic indices depends on the families examined (Rosillon 1987). For 
example, Capnia, a Plecopteran which is widely used as an indicator of good water 
quality and whose abundance is assessed in the EPTI, is much more likely to appear in 
winter samples than summer samples (Minshall 1981). Similar to Minshall (1981), we 
found consistently fewer Ephemeropterans and Plecopterans during the summer 
r"1"lflntl" '~" {"'(lrnt"'l'lr',... rt tn tho::> q·intr:.r n""nth~ r(1,.,~-·"'rc:,.....'" rh1r0nnrn;rl ·,h"nrl'ln.'-"'" \\"'):;:. . 
markedly higher at all sites during the summer months. Rosillon (1987) also observed 
a steep increase of ephemeroptera and plecoptera from summer to winter, and an 
opposite tendency for chironomids. 

Within seasons, PMA, RICH, FBI and SDI showed markedly lower variation than 
EPTI, PCHIR and POOM. This finding is supported by results of Novak and Bode 
(1992) who observed lower variation for PMA, RICH, and FBI than other metrics 
including EPTI and PDOM. Lenat (1987) and Linke et al. (1999) also observed lower 
variation in RICH and SOl compared to EPTI and PDOM. Novak and Bode (1992) 
sampled two unpolluted streams once per month for a year, and found the mean 
coefficients of variation to be 14% for PMA and 22% for RICH. OV,er the one-year 
sampling period, our results sho,....ed mean coefficients of variation to be very similar-­
12% for PMA, and 16% for RICH. 

In every case benthic indices varied more within a site over the course of the year­
long sampling period than they did among sites in anyone month. This suggests that 
season influenced benthic metric scores more than sampling location. In their 
investigation of seasonal variability of benthic indices, Linke et al. (1999) used cluster 
analysis of sites and found that sites sampled at the same time of the year had more 
chance of ending up in a cluster together than the same site sampled at differing times 
of the year. Linke et al. (1999) also showed that the clustering of sites was different 
for summer and winter sampling. 

The implications for these seasonal variations in benthic metric values are 
significant, and seasonality is particularly important when only a few sites are being 
sampled (Plafkin et al. 1989). Most biomonitoring programs focus on summer 
sampling to maximize the accessibility to sites and benthic communities, limit 
equipment restrictions, minimize year-to-year variability (Barbour et al. 1999), 
maximize sampling safety, andlor obtain a ''worst-case scenario" of the benthic 
assemblage health. Summer tends to be the season of greatest natural stress on the 
benthic community (due to high temperatures and low dissolved oxygen), and results 
from summer samp.ling may indicate biological impairment when there is only natural 
variation (Poffet al. 1997, Poole et al. 2004). When the goal ofa biomonitoring 
program is to assess the effectiveness of stream restoration or existing best 
management practices, summer month sampling may not provide an accurate picture 
of benthic community health. Sampling during every season would be recommended 
for this situation, so that natural seasonal stress and variation may be noticed and 
accounted for. 
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What selected benthic indices are most appropriate for the assessment ofbiological 
impairment across sites and seasons? 

The abilities of a metric to discriminate significant differences across sites, be 
applicable to state and federal biomonitoring programs, maintain low within-site and 
within-season variation, and have low redundancy within its metric type (richness, 
similarity, tolerance, or composition) were used as criteria to assess the 
appropriateness of the seven metrics. As RICH and SDI measure very similar aspects 
of the benthic community, it was not surprising that they were highly correlated (r == 
0.818). Between these two measures, RICH is preferred because of its low variation, 
its ability to discriminate significant differences between sites, and its widespread use 
in state and federal biomonitoring programs. A caveat to using RICH is that this 
metric may be naturally lower in low order streams (first and second order), and higher 
in mid-order streams (third through fifth order) as a result of stream width, daily and 
annual temperature fluctuations, and flow continuity providing a greater area of stable 
habitat in mid-order streams (Vannote et al. 1980). Such natural variations may have 
been responsible tor the iO\\er KlLtt scores we (uUlIU al llle [\\v ~eCUIlU V1UCl" ~lrC"l1L>. 

PMA, the only similarity metric examined, was not strongly redundant with any 
other metrics. PMA had the lowest coefficient of variation both within sites and 
within seasons, was able to identify significant among-site differences, and had the 
second lowest percent change between seasons (only PDOM was lower). 

Between the two tolerance metrics (FBI and PDOM) there was no significant 
redundancy (r == 0.300). FBI exhibited low coefficients of variation within sites and 
within seasons, had robust discriminatory power between the four sites, is widely-used 
in state and federally biomonitoring programs, and has been showri to be a reliable 
metric over a wide geographic range (Hilsenhoff 1988). PDOM identified significant 
differences among sites. is widely used by government biomonitoring programs, but 
had inconsistent variation within sites and seasons. Considering this, FBI was the 
preferred tolerance metric. However, PDOM was the only metric that did not change 
significantly between summer and winter months. Therefore, if the goal of a 
biomonitoring program is to evaluate the effectiveness of stream restoration and 
sampling is to be done through multiple seasons, our results suggest that PDOM may 
be a useful metric due to its lack of change between seasons. Of course, by being 
aware of the seasonal changes in selected metrics and comparing samples only within 
seasons, errors related to seasonal variation may be reduced. 

The highest degree of redundancy occurred between the composition metrics (EPTI 
and PCHIR). Consistently, as EPn increased, PCHIR decreased. EPn had 
considerably lower coefficients of variation both within sites and within seasons. 
Although both metrics were able to discriminate significant differences among sites, 
PCHIR varied much more between summer and winter. Doberstien et al. (2000) also 
observed that EPTI and PCHIR displayed high and often unstable seasonal variability 
among sampling sites. High variability in a metric over the course of the year does 
have significant implications for bioassessments that sample only once a year or those 
that attempt to compare samples taken from different times of the year. 

Results from the above criteria suggest RICH, PMA, FBI, and EPTI should be used 
in future assessmentS of similar Great Lakes watersheds. Supporting these findings is 
past research that has found FBI and EPTI to be measures that accurately account for 
the tolcrance range of taxa to organic pollution (Hilsenhoff 1988, Rosenberg and Resh 
1993). For instance, many EPTI taxa may be eliminated from a habitat that 
experiences even small increases of organic pollution (Hilsenhoff 1988). Previous 
work by Roy et al. (2003) indicated that RICH, EPTI, and FBI \\'erememerrlcsTnosr--" 
sensitive to environmental stress. 
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