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1.0 Introduction

A. Rationale for Study

Macroinvertebrate sampling is among the requirements of the Amended Consent Judgement signed in

January 1998. Onondaga County is required to assess the macro invertebrate communities of selected
Onondaga Lake tributaries (Appendix D, ill. 5 " Sample the stream's macroinvertebrate communities

and calculate the NYSDEC rapid Field Biotic Index throughout the tributaries' length ") and the Lake

(Appendix D, IV 4 "Complement the chemical monitoring program with a biological monitoring effort to

assess the densities and species composition of phytoplankton, zooplankton, macrophytes, macrobenthos,

and fish"). Sampling in the tributaries will be conducted every two years, and sampling in the lake's

littoral zone will be conducted every five years through the 15 years of the County's AMP. The objectives

of monitoring this element of the aquatic ecosystem are to:

.Characterize the existence and severity of use impairment, and

.Evaluate the effectiveness of control actions (improvements to wastewater treatment at Metro and

elimination of CSO).

Onondaga County's Ambient Monitoring Program (AMP) includes macroinveiiebrate sampling

beginning in the year 2000. Although the macroinvertebrate sampling program will not formally begin

until 2000, presampling was conducted in 1999 to finalize the design of the program. The overall goal of

the 1999 effort is to provide the baseline data needed to design a statistically valid long-term monitoring

program of the macroinvertebrate communities of Onondaga Lake tributaries and littoral zone for the 15

year AMP. To meet this goal, the 1999 program included elements that will aid in selecting the fmal sites,

equipment and methodology for collecting representative samples. A large number of replicate samples

were collected and analyzed to characterize the variability of the community composition; these results

are used to determine adequate sample size to detect changes in the community as improvements to the

system are implemented. Finally, the extensive data set generated by the 1999 program is used to

characterize baseline conditions in the lake and tributaries.

The pre-sampling program in 1999 was designed to meet the following three objectives:

.Select representative sites for sampling based on physical attributes of the tributaries and lake littoral

zone.

Finalize the equipment and procedures necessary for sampling given the depth, substrate, and

velocity of the sites selected.
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.

Characterize the variability in replicate samples in order to determine the number of replicates

necessary for trend analysis.

B. Ecological and Regulatory Background

Macroinvertebrates are an important component of the aquatic food web. Freshwater macroinvertebrate

taxa include aquatic insects (Insecta), worms (Oligochaeta), snails (Gastropoda), clams (Bivalvia),

leeches (Hirudinea), and crustaceans (Crustacea). These organisms provide the link in the food web

between microscopic organisms and fish, and also facilitate the transfer of energy and materials between

the terrestrial and aquatic ecosystems.

There are important differences among groups of macro invertebrates that influence the structure and

function of a particular community. Difference in tolerance to environmental conditions is the basis for

using these organisms as biological indicators of environmental quality. Biological surveys are used to

directly assess the status of a waterbody relative to the primary objective of the Clean Water Act. The

biological community integrates the effects of different pollutant stressors and thus provides a holistic

measure of their aggregate effect (Klemm et al. 1990). Benthic macroinvertebrates are good indicators of

localized conditions. Because they have limited migration patterns or a sessile mode of life, they are well

suited for assessing site specific impacts of point and nonpoint discharges. Many state agencies, including

NYSDEC, use macroinvertebrates as indicators of stream quality. Sampling is relatively easy and

inexpensive.

One substantial difference between groups of macroinvertebrates is their tolerance to organic (oxygen-

demanding) wastes. Researchers have defined three groups of macroinvertebrates based on their tolerance

to organic waste: intolerant, moderately tolerant and tolerant. The intolerant group includes species of

mayflies, stoneflies, caddisflies, riffle beetles, and hellgrammites; the tolerant group includes worms,

some midges, leeches, and some snails. The moderately tolerant group includes most snails, sow bugs,

scuds, blackflies, craneflies, fingernail clams, dragonflies, and some midges (Welch 1980). What follows

is a general description of the major groups of organisms that are of significance to this study.

Mayflies; Class Insecta, Order Ephemeroptera. The mayflies are a relatively primitive insect

found in a wide variety of running and standing water habitats. They are aquatic as larvae

(nymphs) and briefly terrestrial as adults. Mayflies are unique in that an intennediate fully
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winged terrestrial life stage (the subimago) occurs between the aquatic nymph stage and the

sexually mature winged adult stage (imago). Nymphs are primarily grazers and collectors feeding

on a variety of detritus and algae, although some are also filter-feeders and predators. Mayflies

typically reach peak abundances in cool clean headwater streams and are generally less abundant

and diverse in lakes (peckarsky et al. 1990). Many are highly susceptible to water pollution and

habitat degradation, including low dissolved oxygen, chlorine, ammonia, metals, pesticides and

acidity (Bode et al. 1993). For this reason mayflies have proven to be very useful for

biomonitoring of water and habitat quality.

Stoneffies; Class Insecta, Order Plecoptera. The stoneflies are close relatives of cockroaches.

These organisms have retained the primitive characteristic of possessing tails but have the

advanced ability to fold their wings over their back (peckarskY et al. 1990). Stone flies are entirely

aquatic as nymphs and most are terrestrial as adults. For the most part stonefly nymphs are either

predators (feed on other invertebrates) or leaf detritivores (feed on shredded leaves). Most

species of stonefly are restricted to flowing waters of relatively high oxygen concentration, and

their presence is generally considered to be an indicator of good water quality. They are sensitive

to many of the same pollutants as mayflies with the exception of acidity (Bode et al. 1993).

Caddisflies; Class Insecta, Order Trichoptera. Caddisflies are a highly advanced and

common order that is closely related to the moths and butterflies (Order; Lepidoptera), but are

adapted for aquatic life as larvae (McCafferty 1983). Many caddisflies build intricate shelters

from sand, small stones, leaf fragments, sticks etc. The material and shapes of shelters are

generally unique to a taxa. Caddisflies employ a variety of feeding strategies, from strict

predation to the construction of intricate nets to filter detritus particles from the water.

Caddisflies are most commonly found in coolwater streams, although some species are found in

lakes and ponds. Many species are sensitive to pollution, although there are some that are

tolerant of polluted conditions, and one family is often found in the recovery zones of streams

below sewage discharges (Bode et al. 1993). Although caddisflies have a wide range of

tolerances, their presence generally indicates good water quality.

Water Beetles; Class Insecta, Order Coleoptera. Beetles as a whole constitute the largest and

most highly advanced order of insects with over 30,000 species lmown in North America

(McCafferty 1983). Of these, over 1,000 are either aquatic or semi-aquatic (McCafferty 1983).
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Water beetles occur over a wide variety of aquatic and semi-aquatic habitats. They can be found

in or on the substrate, in or on aquatic macrophytes, or swimming at or beneath the water's

surface (McCafferty 1983). Almost all adults are dependent on atmospheric oxygen and must

either carry an air bubble with them, or have physical adaptations to acquire atmospheric oxygen.

Riffle beetles and water pennies are the beetles most commonly found in streams, both usually

require swift current and high dissolved oxygen concentrations. Presence of these two species is

generally considered to indicate good water quality. There are also many other species of aquatic

beetle that live in virtually all common freshwater habitats and have varying degrees of tolerance

to pollution (McCafferty 1983).

Midges and Flies; Class Insecta, Order Diptera. The dipterans are one of the largest, most

highly evolved, and most diverse groups of aquatic insects (Peckarsky et al. 1990). Some

commonly known dipterans are mosquitoes, deerflies, craneflies, blackflies, and midges. Most

dipterans spend much of. their lives as aquatic larvae that hatch into terrestrial adults. The

dipteran family Chironomidae is present in almost all freshwater systems and is of special

importance not only because of its diversity but because of the ability of some species to tolerate

extreme levels of pollution (McCafferty 1983). Some species contain hemoglobin that stores

oxygen within the body thus allowing the organism to exist temporarily in habitats with little or

no dissolved oxygen (peckarsky et al. 1990). These species are typically bright red in color, and

are commonly referred to as "bloodworms". Bloodworms are highly tolerant of polluted

conditions and organic enrichment; some are common in sewage oxidation ponds. The presence

of bloodworms, or chironomids in general, in large numbers is an indicator of poor water quality

(Bode et al. 1993).

Aquatic Worms; Phylum Annelida, Class Oligochaeta. Aquaticwonns resemble earthwonns

but are generally smaller, although some species can reach a length of up to three inches. They

have a universally accepted reputation as indicators of organic enrichment (Dr. Barbara

Peckarsky personal communication). Most aquatic wonns live in silty substrates and among the

debris and detritus of fresh waterbodies, ingesting large quantities of soft sediment and utilizing

the organic fraction for their nutrient and energy source (McCafferty 1983, Peckarsky et al.

1990). Many wonns, especially tubificid wonns, burrow headfirst into the soft sediments and

build vertical tubes from which their posterior end protrudes and undulates in the current
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(McCafferty 1983). Worms can tolerate severe levels of pollution and can often be found at high

densities in organically polluted waterbodies, and are therefore valuable pollution indicators.

Snails; Class Gastropoda. Snails are common in freshwater habitats throughout the

northeastern United States (Peckarsky 1990). They are divided into two groups: the prosobranchs

and pulmonates (Peckarsky 1990). Respiration in snails occurs by means of gills in the

prosobranchs and by a type of lung in the pulmonates (Peckarsky 1990), and to at least some

extent by cutaneous respiration through the body membranes in all snails (Ghiretti 1966).

Because they respire through gills the prosobranchs are usually intolerant of low concentrations

of dissolved oxygen in their aquatic habitat. The pulmonates, on the other hand, can often

tolerate extreme levels of pollution by rising to the surface and breathing air. Most feed on

encrusted algae and organic material, while some are detritivores or omnivores (McCafferty

1983).

Sowbugs: Class Crustacea, Order Isopoda. Most sowbugs are either terrestrial or marine, with

only about 5% occurring in freshwater (peckarsky 1990). Sowbugs are primarily scavengers,

feeding on dead animal and plant material (peckarsky 1990). Many can tolerate high organic

inputs and the resulting low concentrations of dissolved oxygen (Bode et al. 1993).

C. Description of Tributary Sampling Sites

Acres International Corporation conducted a habitat characterization study of each tributary

macro invertebrate location in 1999 during the macroinvertebrate sampling effort (Acres and Beak 1999).

This report is available under separate cover. This section gives a brief overview of tributary site

descriptions, for a more detailed description of each site the reader should refer to Acres and Beak 1999.

Figure 1 is the overall location map of the monitoring sites and Figure 2 is a detailed map of sampling

sites within the City of Syracuse.

C.! Onondaga Creek.

Onondaga Creek is the largest tributary to Onondaga Lake. The Onondaga Creek watershed encompasses

approximately 298 lan2. The creek, which originates in the Tully Valley and flows north entering

Onondaga Lake through the Barge Canal at the southern end of the lake, is approximately 44.2 kIn along

its main stem. The lower one-third is located in the City of Syracuse. The creek currently receives urban

stormwater runoff, discharge from combined sewer overflows (CSOs) in Syracuse, and sediment and
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Onondaga Creek Site 3 -Dorwin Ave Bridge.

Located approximately 50 m downstream of the Dorwin Ave Bridge, this site is upstream of all CSOs,

and receives some urban runoff. Onondaga County conducts both storm events and routine (biweekly)

water quality monitoring at the Dorwin Ave. bridge. The stream at this location is shallow and velocity is

high, although there are areas near the bridge where the water is deeper and slower moving. This section

flows through a residential area of Syracuse. The creek is channelized with steep banks, and little

streambank vegetation or canopy cover. Bottom sediments are predominantly gravel and sand, consistent

with the high velocity.

Onondaga Creek Site 4 -Newell Street.

This site is located upstream of the Newell Street Bridge and is about 8 m downstream of a CSO

discharge pipe. This site is located in a heavily urbanized section of Syracuse, and likely receives

substantial urban runoff (Acres and Beak 1999). The study reach was contained within an open concrete

culvert and appeared to be highly disturbed habitat (Acres and Beak 1999). The CSO discharging to this

reach will be connected to a swirl concentrator for treatment. The stream at this location is swift moving

and channelized. The bank is mostly concrete and the stream bottom mostly boulder, rubble and gravel

with little canopy cover.

Onondaga Creek Site 5 -West Taylor Street.

This site is located just downstream of West Taylor St., approximately 100 m downstream of a CSO

discharge pipe. This site is urbanized with low-income housing adjacent to one bank and light industrial

facilities on the other (Acres and Beak 1999). The cumulative effects of all other upstream CSO

discharges also influence this site. The flow at this site is moderate and the water shallow. The stream is

channelized with concrete banks offering minimal cover. The stream bottom is mostly silt and gravel-

covered concrete with some submerged aquatic vegetation.

Onondaga Creek Site 6 -Kirkpatrick Street.

This site is the most downstream sampling point on Onondaga Creek and is impacted by the combined

effects of all the CSOs, the mudboils and urban runoff. This area is surrounded by mowed lawns in a

park setting (Acres and Beak 1999). The water at this location is generally slow moving with several

riffle and pool areas. The stream bottom is mostly gravel, sand, and silt with some submerged aquatic

vegetation. The County also uses the Kirkpatrick Street site as a biweekly water quality-monitoring

location.
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C.2 Ley Creek

The Ley Creek watershed is approximately 77.4 km2 in size and extends eastwardly from the southeastern

end of Onondaga Lake. The creek flows mainly through residential and industrial areas except for the

headwaters that drain wetlands. Within the drainage basin exist several closed landfills, dredge spoil

disposal areas and numerous commercial and industrial sites. Currently two CSOs discharge to the creek.

Four monitoring sites were established on Ley Creek for the 1999 preliminary investigations.

Ley Creek Site 1 -Townline: Road Bridge.

This site is located upstream of the Townline Road Bridge and is upstream of both CSO discharges. The

nearby area was a combination of wet meadow and deciduous wetland forest with extensive stands of

Phragmites and a few deciduous trees and some nearby parking areas. Based on land use, only minimal

amounts of urban stormwater would enter Ley Creek upstream of this location. The monitoring site is

shallow, with low water velocity. The stream bottom is almost entirely silt with moderate to large beds of

submerged aquatic vegetation.

Ley Creek Site 2 -Rte 11/W olf Street Bridge.

This site is located immediately upstream of the Wolf Street Bridge and is not impacted by CSO

discharges. At this point, Ley Creek is downstream of industrial and urbanized areas. Streamflow is slow

moving, moderately deep and the water is turbid. Stream bank vegetation is grasses and shrubs that

provide little canopy cover. The stream bottom is composed mostly of silt with some gravel and sand

present. Large beds of submerged aquatic vegetation are present.

Ley Creek Site 3 -Rt. 81 Overpass.

This site is located upstream of the Interstate Rt. 81 overpass and is within 100 m downstream of a CSO

discharge. This location is influenced by the other upstream CSO discharge as well as by industrial and

urban runoff. At this location, Ley Creek is slow moving, deep and turbid. This segment is located in a

highly urbanized area of the City of Syracuse near Carousel Mall and the Regional Market. The shoreline

area immediately surrounding the stream is steep banked and covered with low-lying shrubs that offer

limited canopy cover. The bottom is composed of mostly silt and some gravel, with a moderate amount of

submerged aquatic vegetation.

Ley Creek Site 4 -Park Street.

The most downstream sampling site was located downstream of the Park Street Bridge. The site is

approximately 100 m downstream of a CSO discharge pipe. Similar to Site 3, this location is impacted by
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the combined effects of CSO discharges, industrial residuals, and urban runoff. At this location, Ley

Creek is deep and water velocity is low. The shoreline area immediately surrounding the stream is

covered with low-lying shrubs and wet meadow vegetation (Acres and Beak 1999). The bottom

composition is almost entirely silt with no submerged vegetation present. The County uses this site for

biweekly water quality monitoring.

C.3 Harbor Brook

Harbor Brook enters Onondaga Lake on the south shore approximately 1 km west of the Barge Canal.

The creek's watershed is long and narrow draining an area of approximately 29.3 km2 with a main stem

length of about 12.1 kIn. The lower reaches drain the City of Syracuse while the headwaters flow through

a mixture of agricultural and residential lands. The creek currently receives urban runoff and discharges

from 19 CSOs. Four monitoring locations were selected along Harbor Brook.

Harbor Brook Site 1 -Velasko Road.

The most upstream site on Harbor Brook is located behind the Western Lights Shopping Plaza upstream

offVelasko Road and upstream of a reaeration/control weir. The site is upstream ofCSOs but in an urban

area. At this site, Harbor Brook is a meandering stream with alternate shallow riffles and deeper pools

and appears to provide good habitat. Shoreline vegetation consists of a variety of shrubs, trees and grass.

The stream bottom is composed of combinations of rubble, gravel, sand and silt with varying amounts of

submerged aquatic vegetation. Onondaga County collects water quality data at this point as part of its

routine (biweekly) monitoring program.

Harbor Brook Site 2 -Reaeration/Control Weir,


