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Introduction

Historically, water quality was considered a suitable and appropriate measure of stream and watershed condition.  The development of ecological indicators of aquatic ecosystem stress, however, represents an improved, more effective method of rapidly assessing impairment and disturbance (Karr, 1981).  In addition to the more common metrics used to evaluate ecological communities (e.g. species richness, abundance, biomass, and diversity), a number of indices have been developed which incorporate multiple sensitivity metrics and summarize this information into one value.  Benthic macroinvertebrates, those small organisms found on or among the substrate of the streambed, are widely used to assess biological integrity due to the ability to quickly identify organisms to taxonomic order in the field, low costs associated with sampling equipment, and time spent in the field.  Although the conceptual framework of the index of biotic integrity (IBI) was first developed for fish (Karr, 1981), a number of IBIs have been developed for benthic macroinvertebrates, periphyton, and physical stream habitat, serving to answer different questions related to stream impairment.

Biologists at New York State Department of Environmental Conservation have developed a number of indices specific to aquatic communities found within state boundaries for stream benthic macroinvertebrates as well as fish (Bode et al., 2002). Some of these indices require identification of organisms to the species level, while others allow identification to the family taxonomic level.  Region-specific biotic indices are valuable, particularly in trying to identify environmental stressors on both local and regional scales.
The health of Owasco Lake, one of the many Finger Lakes in New York State (NYS), and its watershed is currently threatened by many non-point source pollutants, land use change, and the introduction of invasive plant and animal species (Halfman et al. 2006).  Previous water quality studies indicate Owasco Lake as being one of the worst in the Finger Lakes region (Halfman et al. 2006). Although it is one of the smallest lakes, it has the largest watershed area to lake volume ratio (17:1) in the region, potentially magnifying the impacts which originate on land and terminate in the lake (Figure 1; Halfman et al. 2006).  Analysis of stream water quality at a number of streams which drain into the lake revealed large variation in nutrient concentrations across the watershed.  As a result, concerns that the elevated instream pollutant concentrations could impact the biological integrity of streams entering the lake were raised.
Land-water interactions play an important role in shaping ecological communities.  The objective of this study was to characterize the stream biotic integrity in each of the major tributaries entering Owasco Lake and determine if degraded stream water quality could be linked to a particular component of its watershed.  Stream benthic macroinvertebrates were assessed to describe stream health, and therefore should reveal the long term impacts of land use and poor water quality within the watershed.
Methods

Ten stream sites were selected in the Owasco Lake watershed to conduct benthic macroinvertebrate surveys in summer 2007 (Figure 1).  One site was selected as a representative of each of the major subwatersheds, except along the inlet where multiple sites were chosen to evaluate environmental stressors along its length (Figure 1).  The exact location of sampling along each stream reach is consistent with sites used by J. Ryan for stream pollutant analysis (previous chapter).  Each site was located on channels upstream of nearby road crossings, and verified in May prior to sampling.  The watersheds of the major tributaries to the lake were delineated and analyzed with a GIS by J. Halfman (2007) to determine the landuse composition upstream of each sampling site.  The percent composition of each watershed was calculated for 6 landuse categories: agriculture, forest, urban, scrub, wetland, and mine (Table 1).  Water quality and discharge measurements were taken at the same sites by J. Halfman but on different days (±7 d) than benthic macroinvertebrate sampling.  
Macroinvertebrate sampling followed the kick sampling protocol found in Bode et al. (2002).  Beginning in early June, sites were visited in fair weather without precipitation events immediately preceding sampling dates.  Observations of the site (stream channel, water flow, visible biota [insects, fish, herpetofauna, and other] as well as trash), and surrounding riparian area were recorded.  Tree canopy cover, substrate embeddedness, and substrate composition (within 1m2 area) were all recorded in percentages.  The presence of submerged aquatic vegetation (suspended, filamentous, and macrophyte) was also recorded.  Pictures of each site were taken looking upstream and downstream of benthic macroinvertebrate sampling location.

Consistent with the NYS sampling protocol (Bode et al. 2002), riffle habitat comprised of cobble, gravel, and sand in an area less than 1 meter deep of water was chosen to collect macroinvertebrates.  Using an aquatic d-frame net, the riffle was disturbed by foot along a diagonal transect of the stream channel.  Moving from right to left bank, dislodged organisms were collected by standing upstream of the net and allowing the flow of the water to capture the invertebrates.  Sampling was conducted for a total of 5 min across approximately 5 m of the stream channel.  The contents of the net was placed in a sieve bucket (U.S. no. 30 standard) sitting in the stream channel.  The net was rinsed within the bucket and inspected carefully for invertebrates still attached to the netting.  Large rocks and sticks were rinsed within the bucket 
and removed.  The contents of the sieve bucket were transferred to a quart jar using a small sponge to remove debris and specimens from the sieve.  The sample was labeled and preserved with 95% ethyl alcohol.  Each site was visited twice, in early June and early July to coincide with the timeline described in Bode et al. (2002).

In the laboratory, the samples were rinsed thoroughly in water through a U.S. no. 60 sieve and then transferred to an enamel pan.  The contents of the sample were spread evenly across the pan, subsamples were randomly chosen and isolated using a 2 x 2 inch metal square, and removed with a spatula.  The subsample was placed in a Petri dish with distilled water and labeled.  Each subsample was then examined under a dissecting microscope (Leica MS 5) and invertebrates longer than 1.5 mm were removed and placed in individual Petri dishes categorized by taxonomic order.  A tally was kept while the subsample was sorted, and sorting ceased when 100 organisms were removed.  If necessary, a second subsample was collected from the contents of the pan.  Each organism was individually examined, identified to family, and placed in separate vials with 70% ethyl alcohol and labeled.  The remainder of the original sample was returned to its quart jar and refilled with 95% ethyl alcohol.

The record of each family identified from the subsampling procedure was analyzed.  EPT taxa richness, a common index used evaluate stream community health, was calculated.  High presence of EPT (Ephemeroptera, Plecoptera, and Trichoptera) species, which are the most sensitive insect groups found in streams, indicates good stream health.  Stream impairment using EPT taxa richness was assessed using the following scale (0-2 families = severely impacted, 3-7 families = slightly impacted, >7 families = not impacted).  A tally of families found in EPT were tallied and used to compare watershed health.

The percent model affinity (PMA) was used to compare the invertebrate present to a “model” community for the area (Bode et al. 2002, Novak and Bode, 1992).  The non-impacted model community is comprised of 5% Oligochaeta, 40% Ephemeroptera, 5% Plecoptera, 10% Coleoptera, 10% Trichoptera, 20% Chironomidae, and 10% other.  The percent contribution of organisms in each of these categories was calculated for each sample and compared with the model community.  The lower of the two values (actual and model) for each invertebrate family was identified and subsequently added together resulting in the PMA value.  

Results

June Sampling
Samples were taken at all sites except Fillmore Glen, which was a dry channel.  The streambed substrate at Dutch Hollow was composed of more fine sediments than any other site and exhibited 60% embeddedness. Filamentous algae were abundant on cobble substrate only in Hemlock Creek.  Large pools of suspended, floating algal mats were observed at County Line, just downstream of the sampling site.  At Veness Creek, recently constructed bank stabilization (rip rap) was present along the right bank which contributed to silty habitat downstream of the restoration.  

Macroinvertebrates were abundant in samples from Sucker Brook, Dutch Hollow, County Line, Hemlock, and Mill Creek.  Locke and Moravia required 2 subsamples to attain 100 organisms, while Veness Creek and Groton required 3 subsamples but were diverse at the family level.  Mill Creek displayed the highest total family richness (19), while only 9 macroinvertebrate families were collected from the inlet at County Line.  In addition, half of the subsample from County Line was composed of Chironomidae (Order: Diptera) and Hydropsychidae (Order: Tricoptera) combined. Chironomids made up greater than 50% of the subsample at Groton, Sucker Creek, and Veness Creek.  In addition, one Helicopsychidae (Order: Trichoptera) case, the home to a pollution intolerant caddisfly was collected at Locke, and two intact specimens were collected at Mill Creek.

July Sampling
Fillmore Glen and Veness Creek were both dry when sites were sampled in July.  Fine sediment (silt) was equally high at Groton and Dutch Hollow (30%), but the substrate was slightly more embedded by silt and sand (90%) than Dutch Hollow and Sucker Creek (both 80%).  Filamentous algae were abundant at all stream sites sampled.  
Samples from Sucker Creek, Hemlock, and Mill Creek required 3, 2, and 2 subsamples, respectively, while 100 organisms were easily collected from one subsample at other stream sites.  Mill Creek again had the highest total family richness (15), although this metric was comparable with Hemlock.  Sucker Creek had the lowest family richness, and was composed of high percentages of pollution tolerant Gammaridae (36%; Class: Crustacea), Chironomidae (39%), and Turbellaria spp. (13%).  The highest percentage of chironomids collected was at Groton (59%) while Dutch Hollow was slightly lower (55%).  One individual of the Dreisseneidae (zebra mussel) was found intact in the sample from Mill Creek.  Additionally, one intact Helicopsychidae caddisfly was collected at Locke.  
EPT
In June, EPT scores were highest at Hemlock (10), Mill Creek (9), Locke (9), and Groton (9), and extremely low at Veness Creek and County Line in June (both 3; Table 2).  However, Sucker Creek and Dutch Hollow both dropped to the moderately impacted level in July.  Mill Creek, Hemlock, and Groton dropped to slightly impacted levels, while Moravia, Locke, and County Line remained constant across the sampling season (Table 2).  EPT richness indicated excellent stream quality at Locke in both June and July.
PMA

Similar to the EPT index, the PMA index suggests that Veness Creek, Mill Creek, and Groton were slightly impacted, while the rest of the stream sites were not impacted (Table 3).  Five of the nine sites displayed a significant decrease in the EPT value from June to July, resulting in a jump to a more degraded, impacted score (Table 3).  Three of the nine sites remained the same across the sampling season.

Water Quality
Macroinvertebrate communities were hypothesized to respond to a suite of important instream water quality measurements (discharge, nitrate, total suspended solids, dissolved phosphate, and conductivity).  A significant positive relationship was found between instream nitrate (NO3-; mg/L)) concentration and the PMA for macroinvertebrates in June (Figure 2; Adj.-r2 = 0.35; F = 5.2; p = 0.05).  No other significant correlations were detected for June or July.
Discussion

Macroinvertebrate communities are dynamic and responsive to environmental perturbations both within the stream channel as well as in the upstream watershed.  A number of the streams entering Owasco Lake exhibited notably degraded ecological and physical condition, namely Sucker Creek, Dutch Hollow, and the inlet at the County Line and Groton.  All of these communities were rated “moderately impacted” by various metrics in July and therefore signify subwatersheds of Owasco Lake that are impaired.  Veness Creek was rated slightly impacted by both the EPT and PMA in June, but due to its lack of flow in July similar comparisons with other sites cannot be made.  Although most stream organisms are evolutionarily adapted for high flow conditions, few are adapted for low flow conditions.  The poor instream conditions in July and concomitant degraded ecological condition in these streams indicate a poor resistance to environmental disturbance.  Conversely, Hemlock, Mill Creek, and the inlet at Locke and Moravia showed very little impairment with ratings of “none” or “slightly impacted”.  
Northern Tributaries

Sucker Creek and Dutch Hollow are large watersheds in the northern portion of the lake’s watershed, and therefore may play a role in nutrient enrichment found in the lake.  Seventy one percent of Sucker Creek’s watershed is agriculture, and has a low (20.7%) coverage of intact forest.  Similarly, Dutch Hollow has a high (64.5%) proportion of its watershed used by agricultural practices with only 32.8% forested land.  Veness Creek, although it was the smallest watershed sampled has an extremely high (85%) agricultural land use.  These northern tributaries all showed substantial impairment using both indices of biotic integrity (EPT and PMA) as well as tolerance values and channel characteristics.  Greater than 50% of the Sucker Creek June and July subsample was composed of pollution tolerant taxa and the stream substrate was heavily embedded with fine sediment in July.  High sediment loads of silt clog interstitial spaces between gravel and cobble, drastically reducing habitat for benthic macroinvertebrates (Allan, 1995). In one study, increased silt loads were negatively correlated with Ephemerellidae (Order: Ephemeroptera; pollution intolerant) but positively correlated with pollution tolerant Oligochaeta spp. (Cover et al., 2008).  Furthermore, the lowest total family richness was collected at Sucker Creek in July.
Southern Tributaries

The four sampling sites along the Owasco Lake inlet (Moravia, Locke, County Line, and Groton) differed substantially in ecological integrity.  Those sites furthest south (farther upstream) were the most impacted, while those sites closer to the confluence with the lake were least impacted.
The Owasco Lake inlet was monitored by Bode and his colleagues in 2004 and 2006 (2007) and found that macroinvertebrate communities displayed a range of impacts (no impact – moderate).  Based on sampling sites that bracketed the Groton wastewater treatment facility (WWTF; located just north of town), biotic integrity decreased drastically downstream of the WWTF from no impact to moderately impacted (Bode et al., 2007).  However, the quality of water and biotic integrity increased again only a few miles downstream of the lower sampling station, almost returning to values similar to the sampling stations upstream of the WWTF. 
Interestingly, this study shows a similar downstream effect of the WWTF effluent with decreased biotic integrity at County Line, the first site downstream of the WWTF. However, it also suggests that the biotic integrity of the stream reaches upstream of the WWTF is also slightly to moderately impaired.  According to Halfman et al. (prior chapter), the total suspended solids (TSS) measured at Groton in July was 52.2 mg/L compared to 7.0 mg/L in June, which may be related to the decrease in biotic integrity observed during this time period.  This trend is particularly interesting since 2007 was a particularly dry summer (see J. Ryan’s chapter), and increases in TSS are generally correlated with higher stream velocity (Carline and Walsh 2007).  These results could also indicate environmental stress further upstream in the watershed above Groton, producing increased erosion rates and therefore increased concentrations of fine sediment in the water column as well as on the stream substrate further downstream.
Biotic integrity was generally poor at the County Line.  Half of the June sample and 73% of the July sample was composed of pollution tolerant insects (Chironomidae and Hydropsychidae).  The domination of these insects in the sample community indicates poor water quality aside of all other metrics.  The community was the least taxonomically diverse of all sites [in June; of all southern sites in July], and is most likely due to impacts associated with the Groton WWTF just upstream of the sampling location.  Although results from the water quality analyses (see below) did not indicate any significant negative relationships with biotic integrity, other environmental stressors related to water quality may be causing decreased richness and increased tolerance levels.  As a side note, the July sample from County Line emitted a particularly intense, raw sewage odor during laboratory processing.

Water Quality
Water quality analyses indicated a significant positive relationship between nitrate and PMA at all sites.  Hemlock, with the highest percent composition of agriculture within the southern watersheds, also exhibited the highest concentration of nitrate (2.89 mg/L) in June.  However, Hemlock’s biotic integrity was also the best among all stream sites.  These data imply that increased instream nitrate concentrations do not necessarily impair macroinvertebrate community health.  Evidence for bottom-up control of stream ecosystems has been shown in past studies, displaying positive relationships between biotic integrity and nutrient levels (Deegan and Peterson, 1992).  Others have shown that elevated nutrient levels are associated with ecological degradation (Miltner and Rankin, 1998; Wang et al., 2007).  This variability in macroinvertebrate response to elevated nutrients due to differential nutrient limitation and instream dynamics is central to the poor nutrient control and reduction programs on lotic systems (in comparison to lentic ecosystems).  
Limitations

The organisms found in the benthic macroinvertebrate samples were identified to family due to time and feasibility constraints.  Identification of insects and other invertebrates to the species level would have allowed greater flexibility in use of community health indices, such as measuring species diversity, species richness, and the Hilsenhoff Biotic Index (HBI).  These indices might have provided a slightly different set of conclusions, however when the PMA was compared to the HBI and EPT richness in previous studies, they were closely correlated (Novak and Bode, 1992).  Thus, EPT and PMA indices were deemed more than sufficient to accurately evaluate stream health in the Owasco Lake watershed.
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Figure and Table Legends

Figure 1.  Map of Owasco Lake watershed sample sites.  Of the ten sites sampled, seven sites were either on or drained into the inlet at the south end of the lake.  The other three sites were found at the northern region of the lake’s watershed. 

Figure 2.  Relatioship between stream nitrate concentration (mg/L) and PMA values.

Table 1. Watershed composition of land use/land cover in Owasco Lake watershed (expressed as a percent).  Land uses grouped in “other” include mine, wetlands, and scrub.

Table 2. Ephemeroptera, Plectoptera, and Trichoptera (EPT) taxa richness for June and July samples at sites in the Owasco Lake watershed.  Sites are ordered along their north-south axis.  [Impact categories are defined as: >7= no impact, 3-7= slightly impacted, 1-2 = moderately impacted, <1 = severely impacted].

Table 3. Percent Model Affinity (PMA) for June and July samples at sites in the Owasco Lake watershed.  Sites are ordered along their north-south axis.  [Impact categories defined as: values > 0.64 = no impact, 50-64 = slightly impacted, 35-49 = moderately impacted, and < 35% = severely impacted.]
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Figure 2.
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Table 1. 

	Site
	Agriculture
	Urban
	Forest
	Other

	Sucker Creek
	71.2
	2.7
	20.7
	5.3

	Dutch Hollow
	64.5
	2.5
	32.8
	0.2

	Veness Creek
	85.8
	0.4
	0
	13.7

	Inlet
	46.6
	2.2
	49.1
	2.0

	Mill Creek
	46.9
	1.9
	50.7
	0.5

	Hemlock
	56.5
	0.6
	41.2
	1.6


Table 2. 

	Site
	June EPT
	Impact
	July EPT
	Impact
	Seasonal Change

	Sucker Creek
	8
	none
	1
	moderate
	Decrease

	Veness Creek
	3
	slight
	-
	NA
	

	Dutch Hollow
	4
	slight
	2
	moderate
	Decrease

	Moravia
	5
	slight
	4
	slight
	Same

	Mill Creek
	9
	none
	7
	slight
	Decrease

	Locke
	9
	none
	9
	none
	Same

	Hemlock
	10
	none
	6
	slight
	Decrease

	County Line
	3
	slight
	3
	slight
	Same

	Groton
	9
	none
	5
	slight
	Decrease


Table 3. 

	Site
	June PMA
	Impact
	July PMA
	Impact
	Seasonal Change

	Sucker Creek
	0.69
	none
	0.42
	moderate
	Decrease

	Veness Creek
	0.58
	slight
	NA
	NA
	

	Dutch Hollow
	0.65
	none
	0.40
	moderate
	Decrease

	Moravia
	0.70
	none
	0.76
	none
	Same

	Mill Creek
	0.64
	slight
	0.56
	slight
	Same

	Locke
	0.72
	none
	0.54
	slight
	Decrease

	Hemlock
	0.77
	none
	0.71
	none
	Same

	County Line
	0.67
	none
	0.43
	moderate
	Decrease

	Groton
	0.60
	slight
	0.46
	moderate
	Decrease


Adj-r2 = 0.35
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