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AQUATIC MACROINVERTEBRATES AND WATER QUALITY
OF SANDIA CANYON, LOS ALAMOS NATIONAL LABORATORY
NOVEMBER 1993-OCTOBER 1994

by

Saul Cross

ABSTRACT

The Ecological Studies Team (EST) of ESH-20 at Los Alamos National
Laboratory (LANL) has collected samples from the stream within Sandia
Canyon since the summer of 1990. These ficld studies gather water quality
measurements and collect aquatic macroinvertebrates from permanent sampling
sites. Reports by Bennett (1994) and Cross (1994) discuss previous EST aquatic
studies in Sandia Canyon. This report updates and expands those findings.

EST collected water quality data and aquatic macroinvertebrates at five
permanent stations within the canyon from November 1993 through October
1994. The two upstream stations are located below outfalls that discharge
industrial and sanitary waste effluent into the stream, thereby maintaining year-
round flow.

Some water quality parameters are different at the first three stations from
those expected of natural streams in the area, indicating degraded water quality
due to effluent discharges. The aquatic habitat at the upper stations has also
been degraded by sedimentation and channelization. The macroinvertebrate
communities at these stations are characterized by low diversities and unstable
communities. In contrast, the two downstream stations appear to be in a zone of
recovery, where water quality parameters more closely resemble those found in
natural strcams of the area. The two lower stations have increased
macroinvertebrate diversity and stable communities, further indications of
downstream watcr quality improvement.

1 INTRODUCTION

In the summer of 1990, an accidental spill from the TA-3 power plant environment
tank released more than 3,785 liters (1,000 gallons) of sulfuric acid into upper Sandia
Canyon. The Ecolgocial Studies Team (EST) was asked to review the impacts of the spill

and began regular monitoring of the Sandia wetlands at this time (Bennett 1994). The EST
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initiated a study to assemble baseline information on the aquatic environment in Sandia
Canyon and to determine if the environment was affected by industrial and sanitary waste
discharges. In addition to monitoring chemical and physical conditions (temperature,
dissolved oxygen, pH, and conductivity) of the strcam monthly, the EST collected aquatic
invertcbrates to gain a more complete understanding of Sandia Canyon's aquatic
environment.

In a report for the Bureau of Reclamation (Batielle 1972), Battelle Columbus
Laboratorics outlined a comprehensive and interdisciplinary Environmental Evaluation
System (EES). This EES uses physical, chemical, and biological parameters to assess
possible environmental impacts of water resource projects. This report refers to many of
the environmental quality ratings developed by Battelle,

Water temperature directly influences aquatic organisms’ physiological functions
such as metabolism. growth, emergence, and reproduction (Anderson and Wallace 1984).
Temperature is inversely related to oxygen solubility because water absorbs greater
amounts of oxygen at lower temperatures. While aquatic organisms can tolerate wide
fluctuations in pH and conductivity, a change in water temperature of a single degree
Celsius can be significant (Lehmkuhl 1979).

Depressed oxygen environments often indicate the presence of organic wastes. The
amount of dissolved oxygen (D) in water has a direct and immediate effect on

invertebrates using tracheal gills for respiration (as the larvae of dragonflics, mayflics,

[k}

addisflies, and stoneflies). Oxygen is present in air at levels greater than 200,000 ppm, but
its maximum value at saturation in water is only 15 ppm (Eriksen et al 1983). Although
aquatic insects require more oxygen for metabolism at elevated temperatures, less is
available due to decreased solubility (Gaufin et al 1974). Certain stages in the life cycle of
aquatic invertcbrates, such as emergence, will not occur unless sufficient oxygen is present
(Bell 1971). Cold-water mayflics and stoneflics cannot tolerate DO concentrations much

below 5 mg/l (Nebeker 1972).

Page 2

TR I
kit

e B




Acid waters are characterized by low species diversity and low productivity.
Acidity and basicity of waters is measured by the pH scale with low values indicating
acidity, middle values (around 7.0) indicating ncutrality. and high values indicating
basicity. Some aquatic organisms, as mayflies, are sensitive to low pH, which can be
caused by accidental acid spills or acid rain deposition. The normal pH of natural surface
waters ranges from 6.5 to 9.0 (Canter and Hill 1979). In ncarby Los Alamos Canyon, the
pH of natural surface waters ranges between 7.8 and 8.2 (LANL 1990).

Conductivity measures the ability of water to carry an electrical current, and it
reflects the concentrations of ionized substance in water. The conductivity of potable water
in the United States ranges from 50 to 1,500 micro-mhos per centimeter (mmhos/cm), and
the conductivity of industrial waste may be as high as 10,000 mmhos/cm. A rough
approximation of the total dissolved solids (TDS) of freshwater in mg/l can be obtained by
multiplying the conductivity by 0.66. The upper limit of TDS that aquatic organisms can
tolerate ranges from 5,000 to 10,000 mg/1 (Battelle 1972).

Aquatic macroinvertebrates have been extensively uscd as water quality indicators.
A macroinvertebrate is an invertebratc that is visible to the unaided eye. This report uses
the terms macroinvertebrate, aquatic macroinvertcbrate, invertebrate, and aquatic
invertebrate interchangeably. These organisms. especially the stream-dwelling insects, are

well suited to this purpose due to their

small size and total immersion in the water environment,

relatively sedentary nature,

abundance in virtuaily every sircam,

range of sensitivities to stress and contaminants.

life cycles which are frequently of at least onc year duration, allowing long-term
detection of past disturbance, and

relative ease of collection and identification to family or genus level.

In general, monitoring only the physical and chemical characteristics of waters
provides little information of conditions prior to the sampling date. In contrast, changes in

macroinvertebrate communities indicate water quality over a much longer period
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(Rosenberg et al. 1986). Failure of chemical critenia to protect aquatic fife has necessitated
incorporation of biological criteria into water resource management planning (Karr 1991).
Shifts in the numbers of individuals and community species composition indicate prior
disturbances. These disturbances could result from infrequent discharges of waste that
might remain undetected through a water quality monitoring program that did not
incorporate biological data (Weber 1973).

Biological assessments reduce the complexity of an ecosystem. allowing
management to make informed decisions and take appropriate actions (Intergovernmental
Task Force on Monitoring Water Quality 1994). According to the Intergovernmental Task
Force on Monitoring Water Quality (1992), objectives of an aquatic biological monitoring

program should include

defining status and trends

identifying existing and emerging problems

providing information to support development and implementation of policies
and programs for water-resource management.

cvaluating program cffectivencss

responding to emergencics.

2 ENVIRONMENTAL SETTING
2.1 General Setting
Sandia Canyon is located within the boundaries of Los Alamos National
Laboratory (LANL). The Laboratory is located in north-central New Mexico on the
Pajarito Platcau, approximately 120 kilometers (80 miles) north of Albuquerque and 40 km
(25 mi) west of Santa Fe (Fig. 1). The plateau is an apron of vuolcanic sedimentary rock
stretching 33-40 km (20--25 mi) in a north-south direction and 8-16 km (5-10 mi) from
cast to west.
The average clevation of the plateau is 2.286 meters (7.500 feet). 1t slopes gently
castward from the edge of the Jemez Mountains. a voleanic rock complex situated along

the northwest margin of the Rio Grande nft. From an clevation of approximately 1.890
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meters (6,200 ft) at White Rock. the scarp drops to 1,646 meters (5,400 ft) at the Rio
Grande. Intermittent streams flowing southeastward have dissected the plateau into a
number of finger-like, narrow mesas separated by deep. narrow canyons. The bedrock of
the plateau consists of Bandelicr tuff crupted from the Jemez Mountains about 1.1 10 1.4
million yecars ago. The tuff overlaps other volcanies that, in turn, overlay the Puye
Formation conglomerate (LANL [98¥).

The LANL arca is characterized by a senuarid. temperate, montane climate. in the
summer months, temperatures typically range from a daily low of ufound 10 C (50 Fytoa
high of 27 C (80 F) (Bowen 1990). Winter temperatures gencrally range trom ncar -10 ¢
(15 F) to about 10 C (50 F) during a 24-hour period. Annual precipitation varies from 33
to 46 centimeters (13 to 18 in.), most of it falling as rain in July and August.

2.2 Description of Sandia Canyon

The head of Sandia Canyon is near the University House in Technical Area 3 (TA-
3). and the canyon extends southeastward to the Rio Grande. The drainage basin is
approximately [3.5 square kilometers (5.6 square miles). Industrial cffluents from LANL
activities maintain a year-round streamflow in Sandia Canyon,

The National Wetlands Inventory conducted by the U.S. Fish and Wildlife Service
identificd three types of wetlands or water systems in Sandia Canyon. EST's monitoring
was conducted in the first stretch, a "persistent artificially flooded, palustrine wetland.”
This wetland occurs below TA-3 and receives effluent from the TA-3 steam plant. a

scwage treatment plant. and an asphalt plant. This portion of the stream has received

the head of the canyon, and a sanitary waste outfall discharges excess reuse water above
SC2. Storm water runoff and snow melt also scasonally contribute to the stream.
Farther downstream, the stream crosses Fast Jemez Rouad. Here., the wetland arca

changes to a "temporarily flooded palustrine wetland” type. The stream's lower stretch is
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an "intermittent, temporarily tlooded. riverine stream bed” (Cowardin 1979). The National
Wetland Inventory map of Sandia Canyon is shown in Fig. 2.
2.3 Description of the Study Sites

In 1990, three permancnt sample stations were placed in the artificially flooded,
palustrine wetland in Sandia Canyon. In the winter of 1992, EST began to monitor two
additional stations (Fig. 3) to better document the aquatic environment. The elevation of all
five stations is approximately 2.360 m (7,200 ft) asl. All sampling stations are designated
by the letters “SC” followed by a number, which indicates their relative positions along the
strcam. with higher number occuring upstream.

SC1 is at the base of the rubble landfill and immediately beyond the effluent
culvert. It receives effluent from the stcam plant and the asphalt plant. The strcamside
vegetation in this section consists of redtop (4grostis alba) and cattails (Typha latifolia).
Debris. including asphalt from the rubble landfill, is carried down a side channel and
washed into the stream. The stream bed is mostly silts and sands, and there is little or no
emergent vegetation within the stream channel. The water flow is highly variable at this
station due to erratic rcleases from outfalls immediately above it. When effluent is
discharged, the greatly increased flow suspends the easily erodable substrate and
redeposits it downstream. Violent discharges sometimes result in the formation of a pool
below the culvert. On the south, a nearby stand of young Douglas-fir (Pseudotsuga
mencziesii) and white fir (Abies concolor) appears to be dying.

SC2 is approximately 14 m (45 1) beyond the culvert. The streamside vegetation

and cattails. This station is located immediately below the junction of the stream channel
and a sewage treatment outfall. The outfall flow varied greatly during 1993, and it was
frequently dry. The stream bed substrate consists of cobbles with abundant sands, silts, and

gravel. At times, the smell of chlorine in the air is quite strong.
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SC3 s at a pool, approximately 0.4 km (0.25 mi) downstream from station §C2.
The vegetation in this area is characterized by redtop and wheatgrass (Agropyron sp.) on
the south side of the stream channel and cattails on the north side. The stream bed substrate
consists of silts and sands containing a large quantity of humus. Water pools here, and the
flow is much more stable than at SCI and SC2.

SC4 is at a large pool below the cattail marsh, approximately 0.4 km (0.25 nu)
downstream from station SC3. Nearby limber pine (Pinus flexilis) and ponderosa pine
(Pinus ponderosa) provide some shade. The vegetation is limited by exposed bedrock
which surrounds the pool. Nearby vegetation includes June grass (Koleria cristata),
Canada wildrye, and little bluestem (Andropogon scoparius). The stream substrate consists
of sand and silt deposited on top of rock. In November of 1993, EST began to sample the
north side of the pool (the south side had been used in previous years). The north side did
not contain the submerged vertical rock faces found on the south side and favored by
larvae of Qdonates (dragonflies and damsclflies) and Trichoptera (caddisflics).

In November of 1994, SC5 was moved approximately 50 meters (164 ft)
downstream from its previous location. Streamside vegetation includes redtop, little
bluestem. smooth brome (Bromusy inermis). wild rose (Rosa woaodsii), and mosses. Nearby
ponderosa pine, willows (S«/iv sp.), and a few Douglas-firs (Pseudotsuga menziesii)
provide some shade. The channel 1s approximately 0.6 m (2 ft.) deep, and bedrock is
exposed along much of the watercourse. The current is swift enough to remove most sand
and silts from the main channel, and these fine sediments are deposited on the sides and in
the slower reaches. The stream bed contains few cobbles, Iimuing‘thc suitabiiity oi aquatic
macroinvertebrate habitat.

3 HISTORICAL DISTURBANCES IN SANDIA CANYON

In addition to the impacts of routine effluent discharges. the hydrology of Sandia

Canyon has been affected by the rubble landfill. Los Alamos County sanitary landfill,

accidental chemical spills, and cumulative habitat degradation.
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3.1 Rubble Landfill

The rubble landfill was started in 1986 as an alternative disposal site for clean
rubble. Presently, the landfill bridges the canyon and will be extended to the northeast.
Large amounts of fill and sediments erode into the wetland during heavy storms and snow
melt. Recent attempts have been made to stabilize the landfill and prevent eroding
materials from entering the strcam channel and wetland below. Dumping of asphalt over
the side of the landfill aggravates the problem and pieces of asphalt continue to enter the
stream channel.

3.2 County Landfill

The count); landfill is located to the north of Sandia Canyon and extends 1.2 km
(0.75 mi) along the top of Los Alamos Mesa. The landfill receives Los Alamos County
business and residential refuse as well as sanitary refuse from LANL. Fill material erodes
off the landfill and into the wetland. In addition. paper trash and other debris falls or blows
into the canyon. At present, the stream between SC2 and SC3 is littered with metal poles,
sheets of plastic, and other trash.
3.3 Accidental Spills

During the summer of 1990, 3,785-5,300 liters (1.000-1,400 gallons) of sulfuric
acid spilled from the TA-3 power plant cnvironmental tank into the cattail-dominated
wetland in Sandia Canyon. Three of EST's five sampling stations were established at this
time to assess the spill's impact. The stream channel was surveyed immediately after the
spill for aquatic macroinvertebrates and no specimens were initially found at any of the
sample locations. However, aquatic macroinvertebrate communities began to re-establish
within one month. The sampling station now designated SC4 was the first site where
recovery was observed.

During midsummer 1992, another spill discharged chlorine from the sewage

trcatment plant into Sandia Canyon. Subsequent investigation revealed a significant
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decline in the number of stream macroinvertebrates. By the end of summer, the numbers of
macroinvertebrates had nearly returned to normal.
3.4 Overall Habitat Degradation

A properly functioning wetlands provides increased water retention, storm and
flood abatement. groundwater recharge, sediment trapping, pollutant filtering, and wildlife
habitat (Hill 1994). However, the wetlands in Sandia Canyon is not functioning properly,

primarily due to anthropogenic stresses. These stressors include

e high chlorine levels in the upper canyon

o thermali poliution

» greatly fluctuating water levels, causing to channelization and scour

« high sedimentation loadsfrom the Los Alamos County landfill and the LANI.
rubble dump

« asphalt and trash in the stream

o previous sewer line, which failed to restore the area to s natural contours

o loss of potential aquatic and wildlife habitat due to sedimentation.
channelization, low plant diversity. and senescent cattails.

According to a recent Department of Energy compliance investigation of LANL wetlands
(Kubik 1993), "‘The wetland at the head of Sandia Canyon has been, and continues to be,
adversely impacted by chemical releases and other LANL activities assoicated with TA-3.
Efforts should be madc to prevent further disturbance of this wetland.”
4 METHODOLOGY
4.1 Water Quality Measurements

EST attempted to measure the temperature, pH, DO, and conductivity of strecam
water monthly at all five sampling stations. Mcasurements were taken with calibrated
instruments in accordance wiih the manufacturer's specifications. All measurements were
taken three times; and the average value was used in computations.

Temperature measurements were tukcn with the temperature probe of an Orion
SA-250 pH meter or a YeHow Springs Instrument model 57 DO meter. All pHi
measurements were taken with an Orion SA 250 pH meter. DO was measured with a

Yellow Springs Instrument model 57. DO readings were multiplied by a factor o1 0.78 to
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compensate for the elevation in upper Sandia Canyon. All conductivity measurements
were taken with a Van Waters Rogers digital conductivity meter which displays the
conducti‘vity in units of pmhos‘cm. Estimates of total dissolved solids were obtained by
multiplying the conductivity readings by 0.66 (Battelie 1972).

4.2 Aquatic Macroinvertebrate Sampling

Aquatic macroinvertebrates were coltlected monthly at the same time that water
quality measurements were taken. The substratc at each station was agitated, and various
microhabitats at each site were included. Sampling employed a large, D-frame dip net with
a diameter of 11.5 cm (4.5 in.) at its widest point. The net was scraped against the stream
bed for 60 seconds and then carcfully removed from the water (Hilsenhoff 1977). All
captured aquatic invertebrates were collected in scintillation vials containing 70% cthanol
and taken to the EST lab for identification.

Organisms were identiﬁéd using a Bausch and Lomb "Stereozoom 7" binocular
dissecting microscope. Identification of specimens was accomplished using taxonomic
references fbr southwestern macroinvertebrates including Pennack 1978, Merritt and
Cummins 1984, Edmunds 1976, Baumann 1977, Wiggins 1978, and McCafferty 1981.
Organisms were identified to genus when possible. and archived in the permanent EST
invertebrate collection in 70% ethanol. Identifications were confirmed by Dr. Gerald Z.
Jacobi of New Mexico Highlands University, a recognized expert on the aquatic
macroinvertebrates of New Mexico.

4.3 Aquatic Macroinvertebrate Analysis

Many early water quality investigations attempted to measure species-specific
invertcbrate tolerances to pollution and compiled extensive species indicator lists. This
method is prone to erroneous interpretations since species-level identification is difficult to
ascertain, tolerances of some specics vary greatly under different environmental
conditions, and "intolerant” species may occur in polluted waters due to drift, i.e. transport

by water currents.
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Recent studies have emphasized thc'impormncc ot’conummiiy structure in
cvaluating water quality (Gaufin and Tarzwell 1956: Hilsenhoft 1977; and Schwenncker
and Hellenthal 1984). Diversity indices have been developed to allow numerical
comparisons of whole macroinvertebrate communities. Unpolluted environments have
higher taxa diversity index values than polluted environments, which tend to be dominated
by relatively few tolerant species. EST reviewed the numbers of collected
macroinvertebrates and population distributions by station. Invertebrate habits (imodes of
existence) and functional fecding groups were also examined to further clucidate
community trends.

The Community Tolerance Quotient (CTQ) index was developed to assess the
impacts of nonpoint source pollution in the western United States (Winget and Mangum
1979). This system has been previously used in the Jemez Mountains to effectively
evaluate stream quality (Jacobi 1989, 1990, and 1992) and provides a more complete and
accurate basis for site comparison than the PET (Plecoptera, Trichoptera, and
Ephemeroptera) index. Tolerance quotients for aguatic macromvertebrate taxa range from
6 (the most sensitive) to 108 (the lcast sensitive) and are based upon tolerances to
alkalinity, sulfates, and sedimentation. The CTQ is computed using the formula

CTQ = Z(xt)n
where x = number of individuals within a specics
= tolerance value of a taxon (found in a published table of values)
u = total number of organisms in the sample

EST made a concerted effort to ensure that taxa were not counted twice; if a

counting crror occurred, it was duc to under-counting rather than over-counting. Therefore.

we only counted one taxon in a sample for the tollowing cases:

s different life stages of a taxon present

e specimen(s) keyed to the family level and another speciment(s) in the same
family identified to a lower level

¢ possible different instars of a genus assigned separate descriptive. rather than
taxonomic, identifications.
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The data from cach station were pooled. and a diversity index was calculated using

the equation discussed by Wilhm (1967):

D=(S-1)/InN,
where D = the taxa diversity index
S = the number of taxa
N = the number of individuals

The derived number reflects the site's taxa richness and evenness. A diversity index value
of less than 1 indicates heavy pollution, between | and 3 indicates moderate pollution, and
greater than 3 indicates clean water. However. biodiversity values for low-order montane
streams are notoriously low and should not be compared to higher-order and lower
elevation streams.

5 RESULTS AND DISCUSSION

5.1 Water Quality Measurements

5.1.1 Temperature. Fig. 4 shows the monthly temperatures recorded at each sample
station in degrees Celsius. SCI receives effluent from the TA-3 steam plant that is
normally discharged at tempcratures higher than the natural stream temperature; the 12-
month temperature averages were highest (14.6°C and 15.0°C) at the upstream stations
{Table 1). The lowest average water temperatures (11.1°C) and were recorded at the
stations farthest downstream from the site of effluent discharge. No recorded temperatures

were in excess of the current State of New Mexico standards for a warmwater fishery

(State of New Mexico 1995),
Table 1. Water Quality Parameter Yearly Averages for Sandia Canyon Sampling
Stations, November 1993 through October 1994,

Sampiing Waier pH Dissoived | Ferceni of | Conduciivity | TDS
Station | temperature oxygen oxygen pmhos/cm (mg/l)
(°C) (mg/) saturation

] 14.6 8.5 7.82 75.9 816.2 538.8

2 15.0 8.3 7.73 76.7 721.9 476.5

3 13.0 7.8 7.33 66.9 704.3 464.8

4 11.1 8.1 8.93 79.1 727.5 480.1

5 1.1 8.2 8.99 80.8 701.6 463.3
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Figure 4. Monthly water temperatures in Sandia Canyon, November 1993 through Qctober 1994.
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5.1.2 pH. Fig. 5 displays monthly pH readings from the five sample stations. The highest
average pH readings usually occurred at SC1 (Table 1). This is probably due to the
influence of the stcam plant eftluent. which has a pH higher than the natural waters of th »
area. The maximum pH allowed for this outfall (9.0) by the National Pollution Discharge
Elimination System permit was exceeded in February 1994.

The lowest yearly average pH occurred at SC3, which had a 12-month average of
7.8. This value falls in low end of the range of natural waters in this area (7.8-8.2). In past
sampling years, the low pH readings at SC3 were thought to be due to neutral (pH = 7)
effluent discharges from the sewage trcatment plant. In an effort to determine the causative
factor, EST included SC2 below the junction of this outfall in its 1993 monitoring
program. In 1994, the yearly average pH at SC2 was 8.3, suggesting that another factor is
responsible for the low pH downstream. SC3 is a low velocity pool within the cattail marsh
where vegetation carried by the stream current is deposited. In all likelihood, the natural
decomposition of this vegetation releases acidic products accounting for the low pH
readings here.

The monthly pH rcadings ranged from 7.2 to 9.3. All of these values fall within the
“excellent” or “good” ranges of the Environmental Water Quality Index based on pH
(Battelle 1972; Fig. 6). A departure +1 from the normal pH is considered insignificant to
aquatic macroinvertebrates (Lehmkuhi 1979). 1n 47 of 50 readings. the pH measurements
fell within the Statc of New Mexico standards for high quality coldwater fisheries (State of
New Mexico 1995). |
5.1.3 Dissolved Oxygen (DO). The highest yearly average DO readings occurred at SC4
(8.93 mg/l) and SC5 (8.99 mg/l), while the lowest (7.33 mg/l) occurred at SC3 (Table 1).
Fig. 7 displays the monthly DO concentrations in mg/l from the five sample stations. In 54
of 55 measurements, the DO readings fell within the State of New Mexico standards for

high quality coldwater fisheries (State of New Mexico 1995).
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Figure 7. Monthly dissolved oxygen in Sandia Canyon, November 1993 through October 1994.
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Fig. 8 displays the monthly percent of DO saturation in water at the stations in
Sandia Canyon. DO concentrations and percent saturation yearly averages (Table 1) were
highest at SC4 (79.1) and SC5 (80.8) and lowest at SC3 (66.9). The low percent of DO
saturation at SC3 is probably duc to the natural decomposition of vegetation in the pool
that also lowers the pH.

A functional curve relating the percent of DO saturation to an Environmental
Quality Index is shown in Fig. 9 (Battelle 1972). Based on the average percent of DO
saturation, all sampling stations except SC3 are within the “excellent” range. SC3 falls
within the “good” range.

5.1.4 Conductivity and Total Dissolved Solids (TDS). Monthly conductivity readings in
pumhos/cm are displayed in Fig. 10 and yearly averages are given in Table 1. The highest
monthly readings were recorded at SC1 in January (1.912 umhos/cm) and SC2 in February
(2,008 umhos/cm). This elevation in conductivity can probably be attributed to an influx of
ions from parking lot runoff, following the salting of roads to melt ice. In 52 of 55
measurements, the conductivity rcadings were below the maximum value set by the State
of New Mexico for high-quality coldwater fisheries (State of New Mexico 1995).

A rough approximation of milligrams of TDS per liter of freshwater can be
obtained by multiplying the conductivity by 0.66. Fig. 11 illustrates estimated monthly
TDS concentrations from the five stations and Table 1 lists the yearly averages. The TDS
concentrations occur within the “excellent” range of the Environmental Quality Index

_ developed by Battelle (Fig. 12) in all but three cases which fall within the “good” range.

n
)
)
i
)
)
}
‘4
|
]
’
)
3
'
)
1]
)
3
ke
)
L
f
{J
{l
-

organisms can generally tolerate TDS concentrations as high as 5000 mg/l, a concentration

much higher than any found at the sampling stations.
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Figure 8. Monthly percent of dissolved oxygen saturation in Sandia Canyon, November 1993 through October 1994.
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Figure 10. Monthly conductivity in Sandia Canyon. November 1993 through October 1994.
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Figure 11. Monthly total dissolved solids in Sandia Canyon, November 1993 through October 1994.
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5.2 Aquatic Macroeinvertebrate Analysis
5.2.1 Total Numbers and Taxa

A total of 3,562 macroinvertebrates of 48 taxa (Appendix A) were collected,
identified, and analyzed from November 1993 to October 1994. The previous year's
sampling collected 3,030 individuals of 36 taxa, but the difference between the two year
totals is attributable to natural variation and more discriminating identifications, especially
of the Coleoptera (beetles). Appendix B lists the aquatic macroinvertebrates previously
collected in Los Alamos County and its surrounding watersheds for comparison. Fig. 13
displays the numbers of individual macroinvertebrates collected at each sampling station.

The greatest number of invertebrates (57% of the total) were collected at SC3. Of the other
four stations, SC1 and SC2 had significantly reduced numbers of aquatic
macroinvertcbrates when compared to SC4 and SCS5. _

The number of taxa found at each station is shown in Fig. 14. Most of the
macroinvertebrates collected (59%) occurred at SC3; and most (58%) of those collected at
this station were ostracods and copepods, orders of opportunistic crustaceans known to
experience periodic population explosions. Although SC2 had fewer taxa than the other
stations (only 15 compared to an average of 22), the taxa were much more evenly
distributed at the sampling stations than in the previous year. This may be due to
sedimentation from the upper canyon moving down the stream channel and degrading the
habitat there.

5.2.2 Population Distributions

Population distributions and average number of aquatic macroinvertebrates varied
greatly along the length of the stream. Population distributions reflect community stability by
examining monthly variances. One method is to compare the number of macroinvertebrates
collected at a station during its most populous months to its yearly total. More than half of the
macroinvertebrates found at the three upstream stations were collected during only two months

(Table 2), indicating that these stations had unstable
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Figure 13. Number of taxa collected in Sandia Canyon, November 1993 through October 1994,
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Page 29




communties. The lower two stations had more even macroinvertebrate distributions, although
they were only sampled 11 tmes (ice prevented taking samples at SC4 and SCS during

February 1994).
Table 2. Monthly Average, Total, and Two-Most-Populous-Month Numbers of
Macroinvertebrates for Sandia Canyon Sampling Stations, November 1993 through
QOctober 1994,

Station Average Number Collected | Total Number | TMPM*/Total

Number in TMPM* Collected Percentage
Collected

| 15.8 163 190 858

2 5.1 41 61 67.2

3 175.8 1275 2110 60.4

4 49.6 251 546 46.0

5 68.7 341 756 45.1

* Two-Most-Populous-Months

Another measure of population distributions is the determination of the number of
months that no aquatic invertebrates were collected at a sampling station. No
macroinvertebrates were found at SC1 on 33% of the sampling dates; and none were
collected at SC2 on 50% of the sampling dates. In contrast. macroinvertcbrates were
coliected at SC3, SC4, and SCS cvery time a sample was taken.
5.2.3 Tolerance Quotients

Tolerance quotients for cach taxa found in Sandia Canyon are listed in Appendix C.
The computed yearly CTQs for cach sampling station are very similiar at all sampling
stations (Table 3). The table indicates that SC1 supported the most sensitive communtity of
aquatic macroinvcnebralés. However, its low ycarly CTQ value is solely due to the large
numbers of Baetid mayflies (126 individuals of the genus Callibaetis; tolerance quotient of

72) collected at SC1 in September and October.
Table 3. Yearly Community Tolerance Quotients for Sandia Canyen Sampling
Stations, November 1993 through October 1994.

Station Individuals Tolerance Sums CTQ
] 188 15072 80.2
2 59 5832 98.8
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3 2110 207432 98.3
4 546 48348 88.6
5 756 73224 96.9

5.2.4 Community Structure

A natural aquatic ccosystem has a balanced community occupying all available
microhabitats and utilizing a variety of food resources. Appendix D lists the habit, or mode
of existence, for most of the aquatic insects collected in this study (taxonomic difficulties
prohibited a morc thorough breakdown of the dipteran family Chironomidae). All stations
contained representative swimmers, clingers, climbers, and burrowers. In 1993, very few
clingers, sprawlers. or climbers were found at the upper stations in comparison with the
lower stations. The difference between the two years is attributable to the presence of
Odonata (damselfly and dragonfly) larvae at the upper stations in 1994.

Aquatic insccts base their selection of food particles more on particle size than
origin. Thus, the familiar trophic (feeding) categories of herbivore. carnivore, and
-omnivore have little application to aquatic macroinvertebrates. To more accurately
describe the trophic relations of aquatic insects. a series of functional feeding groups or
trophic categories has been developed (Merritt and Cummins 1984). These categories
(Table 4) are determined by fecding mechanism more than food origin.

Table 4. Chief Functional F eeding Groups of Aquatic Insects.

Functional Group Dominant Food
Collectors Fine particulate organic matter
Shredders Coarse particulate organic matter
Scrapers Attached algae and associated matenal
Predators : Engulfers or piercers feeding on living animal tissue
Piercers Pierce plant cells or tissues and suck out fluids

A natural ccosystem usually contains varied representatives of the primary
functional feeding groups. Appendix E lists the functional feeding group for most of the

insects collected during this study. Upper Sandia Canyon does not support a large algal
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population, and scrapers were therefore not abundant at any sampling station. Collectors
and predators were found at all stations. Only one individual of cach of the two piercer
taxa found in Sandia were collected. Only two shredder taxa were collected and almost all
of these (27 of 28) occurred at SCS. In terms of functional feeding groups.all five sampling
stations were similar with SC3 having slightly more diversity. This contrasts with l‘)()‘3
data that reported much more complex communties at the downstream sites. The difference
is probably duc to differences in sampling at the SC4 and SCS sites and downstream
habitat degradation, primarily due to sedimentation.
5.2.5 Biodiversity

Wilhm's biodiversity indices (Wilhm 1967) were calculated monthly for cach
sample station from November 1993 1o October 1994 (Fig. 15). Small high-clevation
streams tend to have low taxa diversity overall (Hilsenhoff [977), and all values recorded
were less than 3.0. However, when the differences between yearly biodiversity averages
(Table 5) appear to be significant. The lowest yearly biodiversity indcx values were
recorded at the upstream stations; the highest values were recorded at the downstream

stations.

Table 5. Yearly Averages of Wilhm's Biodiveristy Values for Sandia Canyon
Sampling Stations, November 1993 through October 1994.

Station Biodiversity Value
1 ) 0.89
2 0.66
3 1.08
4 1.48
5 1.62

6 CONCLUSIONS

The great majonty of physical and chenncal measures taken m Sandia Canyon are
within New Mexico standards for coldwater fisheries (Note: water temperatures were
evaluated according to state standards for warmwater fisheries). Several upstream high-

conductivity and TDS readings are due to parking lot runoff. which carried road salt into
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Figure 15. Wilhm's biodiversity values for Sandia Canyon sampling stations, November 1993-October 1994,
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the stream during winter months. Low pH and DO readings at the middle stream are
ascribed to the effects ot natural vegetative decomposition. Dissolved oxygen
concentrations at the upstream stations were in Batelle's excellent range, sugpesting that
no significant amounts of orgamc pollutants are entering the stream. However, the high
temperatures and occasional high-pH values at the upper stations are attributable to
eftfluent discharges. Elevated chlorine levels from a sanitary outfall discharging above SC2
are the probable cause for that station’s low macroinvertebrate numbers and diversity.

The two upstream sampling stations have low numbers of macroinvertebrates,
reduced biodiversity, and unstable macroinvertebrate communities. These depauperate
conditions are duc to habitat degradation resuhing from restricted colonization.
sedimentation, channclization, .scuurcd substrates, severely fluctuating water and
temperature Ievels, and effluent discharges. The middle sampling station had high numbers
of macroinvertebrates, intermediate biodiversity, and a more stable macroinverteberate
community: In contrast, the downstrcam two sampling stations have intermediate numbers
of invertebratcs, increased biodiversity, and the most stable macroinvertebrate
communities. These downstream communitics and taxa more closely resemble those of
natural streams in the area, suggesting a zone of recovery where upstream effluent
discharges and habitat impoverishment are mitigated by the intervening cattail marsh.
However, these communities are not as robust (lower biodiversities and less complex
community structures) as previously reported. possibly due to effects of effluents and

sedimentation reaching further downstream.
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APPENDIX A

Muacroinvertebrate Taxa Collected in Upper Sandia Canyon,
November 1993 through October 1994,

Insects:
Order Family G enus (species) Station

Ephemeroptera Bactidae Buctis 1.2.3.4.5
Bactidae Callibaetis 1.2.348
Tricorvthidae Tricoryvthodes (minutus) 1.34.5

Odonata Acshnidae Aeshna S
Acshnmdae Anuy 1.2.3.4.5
Acshnidae Buyveria 1.34.5
Aeshnidiae 2
Coenagrionidac Areia 1.2.34.5
Coenagrionidac Fnallugmua |
Covnagriomdae Inchnra 3
Coenagrionidae Zonagrion 3
Cocnagrionidae , 3.5
Cordulegastridae Cordulegaster -4
Lestidae Archilestes 1.3

Hemiptera Corixidac 2
Gerridae Crerris 145
Gerridae Trepobuates 1.4.8
Notonectidae Notonecta 3
Velidae Riugovelia 2

Trichoptera Hydropsyeldae Hydropsvehe 4.5
Hvdropulidae Hydropula 4
Limnephilidae Hesperophvlay 4.5

Colcoptera Drvopidae adult Helichus 4.5
Dvtiscidae Hydaticus 4
Dvtiscidae Hyvdroporus 4
Dyvtiscidace Tveroms S
Dvtiscidae 2348
Dytseidae adult A 2.5
Dvtiscidae adalt i1 3
Dyvtiscidae adult ¢ |
Dyvtiscidae adult 34
Hyvdrophilidae Awmietor !

Page 40

e



Order Family (ienus (species) Station
Diptcra Ceratopogonidae Bezzia 1.5
Chironomidac A 1.2.3.4.5
Chironomidac B 3.5
Chironomidac C 1.3.4.5
Chironomidac G 3.5
Chironomidac pupae PB 1.2.34
Chironomidae pupue PC 1.2.3.5
Culicidae 3
Empididac Hemerodromia 2.5
Empididac Oreogeton ]
Ephvdridac Brachvdeutcra 1.3
Ephydridac pupa 2
Heleidac 3
Muscidae Limnophora 24
Psychodidae Maruina ]
Psychodidae pupae |
Simulidac 2,35
Simulidae pupae 4
Tabanidac Tubanus 1
Tabanidac 2
Tipulidac Dicranota 1
Tipulidac Tipula B ]
Non-insects:
Phylum Class Order or Family Sampling
Sub-Class Station
Annelida Oligochacta Lumbriculidae | 1,2.3.4,5
Naididae 3
Arthropoda Crustacea | Copepoda 3
Crustacea | Ostracoda Candoniidac 2,34.5
Crustacca__ 1 Ostracoda Cyprididae 1.3.4.5
Mollusca Gastropoda | Basommatophora | Lymnacidac, 5
Lymnaea
Gastropoda | Basommatophora | Physidac, 3
Plyvsa
Platvhelminthes { Turbcllaria 1
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5
APPENDIX B 7
Aquatic Invertebrates Collected ‘ 1
in Los Alamos County and Adjacent Watersheds 4
(* = life stage not known, all specimens are larval unless otherwise noted) 5
Insccts: &
ORDER FAMILY GENUS SPECIES | LOCATION
% v
Plecoptera Capniidae Capnia F
(Stoneflies)
Capniidae F
Chloroperlidae Chloroperla ¥
Chloroperlidae Puraperla frontalis G.L
Chloroperlidae Paraperlu F
Chloroperlidae Sweltsa coloradensis | ¥
Chloroperlidae Sweltsa a lamba K
Chloroperlidae Sweltsa F.G
Chloroperlidae Suwalliu G.L
Chloroperlidae F.G,L.SG
Lcuctridae Paraleuctra vershina F =
Nemouridae Amphinemura F.G
Nemouridae Amphinemura hanksi F.G,L.P.SG
Nemouridae Malenka coloradensis | F
Nemouridae Mulenka G.L
Nemouridae Nemoura F
Nemouridac Podmosta delicatula’ G
Nemouridae Zapada cinctipes ¥
Nemouridae Zapada Srigida L
Perlidae Acroneuria abnormis I
Perlidae Hesperoperlu pacifica F.L.SG
Perlodidae Culius acstivalis Gl
Perlodidae Cultus G
Perlodidae Isoperla fuiva r
Perlodidae Isoperla quinguepunct | F
ata
Perlodidae Isoperla F.G.L.S
Perlodidae Kogotus modestus G,L
Perlodidac Skwala parallela G
Pteronarcyidace Preronarcella hadia F.G
Pteronarcyidae Preronarcella F
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ORDER FAMILY GENUS SPECIES | LOCATION
* %
Pteronarcyidae Pteronarcys californica C
Pteronarcyidae Pieronarcys G
Taeniopterygidac | Tuenionema F
Ephemeroptera | Bactidae Bacetis bicaudata F
(Mayflies)
Baetidae Baetis insignificans | F
Baetidac Baetis tricaudatus AD,F.G.L.
. PS,S
Baetidae Baetis ACFGH,L,
P,PS,S.SG.
128
Bactidac Callibactis G.L,P,PS,S4
8
Ephemerellidae Drunella coloradensis | G.L
Ephemercllidae Drunella doddsi F.G
Ephemcrellidae Drunella grandis F,G
grandis
Ephemerellidae Ephemerella inermis F,G.L
Ephemerellidae Ephemerella infrequens | F,G
Ephemerellidae Ephemerella F
Heptageniidae Cinygmula F.G,L
Heptageniidac Epeorus longimanus F.G.L
Heptageniidac Epeorus F,G.L
Heptageniidae Heptagenia G
Heptageniidae Nixe simplicoides | L
Heptageniidae Rhithrogena F
Leptophlebiidae | Paraleptophlebia F,G,L
Siphlonuridae Ameletus F,G,L.S,SG
Siphlonuridae Siphlonurus occidentalis | F,L
Siphlonuridac Siphlonurus F
Siphlonuridae A
Tricorythidae Tricorvthodes minutus G.S
Tricorythidae Tricorvthodes AF
Odonata
suborder Aeshnidae Aeshna ACFLS
Anisoptcra
(Dragonflics)
Acshnidae Anax H.P.S 48
Aeshnidae Bayeria LS
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ORDER FAMILY GENUS SPECIES | LOCATION
* %

Cordulegastridae | Cordulegasier .S
Corduhidae Beloma? ALP
Gomphidae [.P
Libellutidae Leuchorrhina I
Libellulidae Libellula S
Libellulidae Pantula AC
LibeHulidae Platvhemis? P
Libellulidae Svmpetrum’? PS
Libellulidac AL PS

suborder Agriidae Argion A

Zygoptera

(Damselflies)
Agriidac Hetaering APS
Coenagrionidac | Argiu A CEPSPS
Cocnagrionidac | Enallagma LS
Coenagrionidae Hiponeura K
Coenagrionidae  { Ishnura perparud I
Cocnagrionidac Ishnura H.S
Coenagrionidac Zoniagrion S
Lestidae Archilestes PS.S

Hemiptera Corixidae Carisella ¥

(True bugs)
Corixidae Sigara ¥
Corixidac Trichocorixu APS
Gerridae Gerris marginatus I
Cicrndae Gerris notahilis g
Gerridae Gerris A.DEFGHLL

L.S.PS

Gerridac Metrobates PS
(erridac TI'('[)nhull'.\‘ H.S
Naucoridae Ambrvsus mormon ALPS
Notonectidae Notoneeta undulata 3
Notonectidae Natonecta .S
Veliidae Aticrovelia KRS
Velidae R/l(luu\'('fl(l S
Veliidae APS

Trichoptera Brachycentndae | Amiocentrus I

(Caddisflics)
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ORDER FAMILY GENLUS SPECIES | LOCATION
% v

Brachycentridac | Brachyvcentrus americanus | F
Brachycentridac | Brachveentrus F
Brachycentridac | Micrasema F.G.L
Brachycentridac | Micrasema G
pupac
Calamoccratidac | Phviiotcus F
Glossomatidae Agapetus G
Glossosomatidac | Anagapetus G
Glosssosomatidac | Glossosoma F.G.L
Helicosychidae Helicopsvehe borealis G.L.PS
Helicopsychidae | Helicopsyche F
Hydropsychidae | Arctopsvehe grandis AF.G.LS.PS
Hvdropsychidac | Cheumaropsyvche G.PS
Hydropsychidae | Hvdropsvche occentulis PS
Hydropsychidae | Hvdropsyche oslari AF
Hvdropsychidac | Hvdropsvche F.G.L.S
Hydrospsychidae | Hydropsvehe F.G.PSS.SG
Hydroptilidae Alisotrichia PS
Hydroptilidac Hydroptila AP.PSS
Hydroptilidac Leucotrichia PS
Hydroptilidac Ochrotrichia F.G.L
Hvdroptilidae Stactobiclla A.PS
Lepidostomatidae | Lepidostoma F.G.LS.SG
Lepidostomatidae G
Leptoceridae QOecetis? G.L.P.S
Limnephilidae Dicosmoecus F
Limnephilidac Hesperophviax G,L.PS.SG
Limnephilidac Hesperophvilax G
pupae
Limnephilidae Limnephilus F.G,L.PW.S
Limnephilidac Oligophlebodes F.G.L.P.S
Limnephilidae Oligophlebodes G
pupae
Limnephilidae Psvchoronia F.G
Limnephilidac G.L.PW
Odontoceridac Namamyvia G
Philopotamidac Chimarra A.PS
Philopotamidae Dolophilodes aequulis F
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LOCATION

ORDER FAMILY GENUS SPECIES
* %
Philopotamidae Dolophilodes sUFlosd F.G
Philopotanudac Dolophilodes Gl
Philopotamidae Warmaldia L.PS
Polycentropidac | Polveentropuy I
Rhvacophilidae Rhwvacoplila acropedes k.G
Rhyacophilidae Rinvacophilu brunnea F.GLL
complex
Rhyacophihdae Rhvacaphila brunnca G
pupace complex
Rhyacophilidue | Rinvacophila hvalinata E.G
Rhyacophilidae Rinvacophila valtma { F.G
Rhyacophilidae Rhvacophila F
Rhyacophilidac Rhvacophilu Type A A
Megaloptera Corvdalidae Neohermes? Gl
(Nerve-wings)
Lepidoptera Noctuidae G.L.PS
(Butterflics
and moths)
Pyralidae G.S
Pyralidac Puruponyy PS
Pyralidac Parargyvractis keartoualis E.PS
Pvralidac Petrophvla PS
Colcoptera Amphizoidae Amphizoa G
{Bectles)
Curculiomidac Plvtonomuy G...S
Curculionidae D.¥
Curculionidae G
adult
Drvopidae Helichuy stituialis® k
Dryvopidae Helichus sridtus* I
Drvopidace ffelichus i.GULPPSS
(adults)
Dryopidae S
(adults)
Dyuscidae Agabus cordatus* i
Dytiscidae Apubus ristus® I _
Dvtiscidae Avabus ACDLPS
Dyuscidae Deronectes striatellus® I
DL\'liS\.‘id'dL‘ Deroneetes® l.
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ORDER FAMILY GENLUS SPECIES | LOCATION
*x

Dytiscidae Dvtiscus* F
Dytiscidac Hyvdroporus vilis* F
Dytiscidace Hvdroporus S
Dytiscidae Hvgrotus S
Dytiscidac L.S
Dytiscidae G.L.PS.S
(adults)
Dytiscidac Typc A M.S
(adults)
Dytiscidae Type B M.S

| (adults)
Dytiscidace Type C S
(adults)
Dytiscidace Hydaticus G.L.PS.S
(adults)
Elmidae Cleptelmis F

addenda*
Elmidac Cyvlloepus F
Elmidae Dubiraphia* G
Elmidae Heterlimnius corpulentis F.G.L.PS.SG
Elmidac (adults) | Heterlimnius corpulentis G.L.PS.SG
Elmidac Microcvlloepus* PS
Elmidae Narpus * concolor F
Elmidac Narpus ' F.G.L
Elmidace (adults) | Narpus G.L
Elmidac Optioservus castanipennis | F
*

Elmidae Optioservus divergens* F
Elmidae Optioservus™® D.F.L.PS.S
Elmidac Rhizelmis F
Eimidac Zaitzeviu parvuia D.F.L
Elmidac Zailzevia G.L
Elmidac (adults) | Zaitzevia C.G.LS
Elmidac G.L.S
Elmidac (adults) C.S.PS
Gyrinidac (adults) | Gyrinus AF.S.PS
Haliplidac Haliplus I1C
Haliplidac Peltodytes G
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ORDER FAMILY GENUS SPECIES | LOCATION
¥k

Haliphdac S
(aduits)
Helodidae 7
Helodidae Prionaocyphon Gi
Hydrophihdae Ametor scabrosus* I
Hydrophilidae Ametor ALCGLS
Hydrophilidae Ametor G
(adulty) , ,
Hydrophilidae Berosus stvliferous I
Hydrophilidae Crenitis* I
Hvdrophilidae Cvmbiodvia dorsalis* k
Hydrophilidac Enochrus? G
{adults)
Hydrophilidae | Helphorus I
(adults)
Hydrophihidae Hvdrobius I
(adults)
Hydrophilidae Fivdrochus G
Hydrophilidae Hyvdrochus G
(adults)
Hydrophilidac G.LP
Hydrophihidac G
tadults)
Psephenidae Pspheniy? C.PAR
Psephemdae G

Diptera Blephariceridae v

(Flies)
Ceratopogomdac  } Bezzia GULS
(Heleidae)
Ceratopogomdace F.GPSPS
(Heleidae)
Chironomidae Ablabesmvia I
Chsronomidae Brillia FJAS
Chirononmdae Curdiocludins .G
Chironomidae Crichotopus I
Chironomidae Chironomus I-
Chironomidae Corvioneloy PS
Chirononuidae Cric otonuy ALGPS
Chironomidae Cryptochironomus I
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ORDER FAMILY GENUS SPECIES | LOCATION
* %
Chironomidace Eukicfieriellu AF.GL
Chirononidae Micropsectra AF
Chironomidae Microtendipes D.F
Chironomidac Nanocladius F
Chironomidae Pagastia L
Chironomidae Polypedilum AF
Chironomidac Procladius F
Chironomidae Pscudochironomus A
Chironomidae Pscudosmittia G
Chironomidae Rheotanvtarsus AF.PS
Chironomidac Thienemannimyia AS
Chironomidae Thienimanniellu A
Chironomidae Zavrelia F
Chironomidac Type A C.G.H,L.P,
PS.S.SG. 128
Chironomidac Type B G.L.P.S.PS
Chironomidac Type C GH.L.PS 12
. h
Chironomidae Type 1) G.L.P.PSS
Chironomidac Tvpe I G,L.PS
Chironomidae Type F G.L.S
Chironomidac Type G ACG.H.L.P.
PS.S
Chironomidac Type G G
pupie
Chironomidac Type H 1..S
Chironomidac Type | SG
Chironomidac C.G.IL.S
(pupac)
Chironomidac Type PA G.L
pupac
Chironomidac Type PB S
{pupiic)
Chironomidae Type PC S
(pupic)
Culicidae Acedes I
Culicidae Chaoborus .48
Culicidac Culex F.H.128
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ORDER FAMILY GENUS SPECIES | LOCATION
*x
Culicidac Culiseta D.HM. 48,12
8

Culicidac (pupac) H.M.G.L.128
Culicidace S
Dixidac Dixa californica F
Dixidac Dixa F.G.L.PS
Dixidae Dixa Type A G,L.P.PS
Empididae Chelifera : F.GL
Empididae Qreogeton CFGL.PS
Empididac H
Empididae Hemerodromia G.S
(pupac)
Ephydridae Brachydeutera S
Ephydridac S
(pupic)
Muscudae Lininoprhira dequfrony §
Muscidae Limnophora ADLSSG
Psychodidac Maruina G.L.S
Psychodidace Pericoma I.G.L
Psychodidae S
(pupae)
Ptychopteridae Bittacomorpha AGLS
Ptychopteridae Prychoptera G
Ptychopteridae ¥
Simuliidae Prosimilium AFGLS
Simuliidae Simulium F.L
Simuliidae D.F.G,LS.SG
Simuliidae G.L.S
{pupae)
Simuliidae pupac | Type PA G
Stratiomyidae Eululia F
Stratiomyidae Qdontomyvia G.PS.S
Stratiomyidace AF.G
Syrphidac Tubifera hastardii ¥
Tabanidae Chrysops HM
Tabanidae Tabanus 128,PW.S
Tabanidae F.G.L.S
Tanvderidac Protanvderus ¥
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ORDER FAMILY GENUS SPECIES | LOCATION
*%
Tipulidae Antocha monticola F.G
Tipulidae Antocha G,L
Tipulidae Dicranota F.G.LPSS. -
SG
Tipulidae Hexatoma F
Tipulidac Holorusia grandis F
Tipulidac Limonia F
Tipulidae Pedicia F
Tipulidae Tipula D.F.G,L.PS,S
Tipulidae Tipula Typc B G,L.S




B

Non-Insects: :7
PHYLUM or CLASS, ETC COMMON NAME | LOCATION| »,
SUBPHYLUM e Y
Annelida Naididae Coil worms F.G.LS 4
(Segmented worms) -
Oligochaeta, Lumbriculidae | Aquatic carthworms | F 4
FEisenicllu wetraedra 2
Oligochacta, Lumbricuhidae | Aquatic carthworms | A F G.L.PS,
5.5G
Ohligochaeta B, Aquatic carthworms | G
Lumbriculidac
Hirudinca l.ccches AF
Arnhropoda, Arachnoidea | family Hydracarina Water mites CF.G.LPSS
(Spiders, ticks, and mites) G
Aschelminthes Nematomorpha Horschair worm CFGLPS,
(Round worms and S
hairworms) G
Nematomorpha. Horsehair worm FG'
Gordioidea.Gordiidace,
Gordius
Crustacea (Crustaccans) | Amphipoda, Hvatellu uzteca | Scuds A.C.PS
Cladoccera Water fleas 0
Copepoda Copepods S
Ostracoda, Candoniidae Seed shrimp S
Ostracoda, Cyprididae Sced shrimp C.S.SG
Amphipoda, Palaemonidac | Scuds AC
Mollusca (Mollusks) Planorbidac. Gvralus parvus | Snails GICS
Lymnaeidae, Lymnaea Snails AGLPS
Physidae, Physella Snails A
Physidae. Phiya Snails F.S
Gastropoda Snails SG
Gastropoda Type A Snails G.L
Sphacriidae, Pisidium Clams F.G.L
caserianum
Pelecypoda, Pisidium Clams H
COMPEPessad
Sphaeriidac Clams F
Nematoda Free-living F.G.S°
(Round worms) round
Worm

Platyhelminthes
(Flatworms)

Turbellana

Planaria

ACFGPS,
S.SG
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**Locations:

A = Ancho Canyon

C=C hacﬁchui Canyon

D =DP (Canyon

F = Rio Frijoles and Frijoles Canyon

G = Guaje Canyon

H = High Explosives wastewater stream
[ = lce House pond, off West Jemez Road
L = Los Alamos Canyon

O = Otowi firestation pond
’M = Mortandad

PW = Pajarito Wetlands

PS = Pajarito Springs

S = Sandia Canyon

SG = Starmer’s Gulch

48 = TA-48 pond

128 = outfall 128
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PENDIX C

Tolerance Quotients of Aquatic Insects Collected in Sandia Canvon,
November 1993 through October 1994

Order

Family Genus (species) Tolerance
quoticnt
Ephemeroptera Bacudiue Bactis T2
Bactidae Callthaens -2
Iricorvihidae Iricorvthodes) 10K
Odonata Acshnidae Aeshna 72
Aeshmdage Anety 70
Acshmidae 72
Cocenagrionidae Arela 108
( oenagriomdae Enallapma 72
Cocenagrionidae Inchnura 72
Coecnagriomdae 1ON
Cordulegastridiae Cordulegaster B
{.ostidae Archilestes 108
Hemiptera . Coriadae 10N
Gerridae Gorris 72
Gerridae Trepobuates 72
Notonectudae Notonecta 1ON
Velidae Rhavovelia 72
Trichoptera Fhvdropsvehidae Hyvdropsyehe 10s
Hydroptilidae {ivdropila 108
Limnephilidae lesperophviax 10N
Coleoptera Dyvtisaidae [vdraporus 72
hvuscidae Hyveroms 72
Dvtiscidae 72
Hvdrophihdae Ametor 72
Diptcra Ceratopogomdae 10X
Chirononudae 10N
Culicidae 108
Empudidae Hemeradromia 1R
Empididae 108
Fphvdndae 108
Musaidae Limnnphora 10N
Psvehodidue Mariuna 36
Simulidae 108
Tabandae Tohanie 10K
Tabanidae JON
Tipuhidae Dicranola 24
Tipulidae Tipula 36
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Tolerance Quoticnts of Aquatic Non-Insects Collected in Sandia Canyon
(November 1993 - October 1994)

Phylum Class Ordcer or Family Tolerance
Sub-Class Quaotient
Annclida Oligochacta Lumbriculidac 108
Arthropoda Crustacea Copepoda . 108
C'rustacca Ostracoda Candoniidae 108
Crustacea Ostracoda Cyprididac 108
Mollusca Gastropoda | Basommatophora | Lymnaeidac. 108
Lyvmnuca
Gastropoda | Basommatophora | Physidac. 108
Phyvsa
Platvheiminthes | Turbellaria 108
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APPENDIX D

Mode of Existence of Aquatic Insccts Collected Sandia Canyon,

November 1993 through October 1994
(adapted from An Introduction to the Aquatic Insects, Merritt and Cummins. 1984)

Order Family Genus Mode of
Existence
Ephemeroptera Bactidac Bactis sw, cb, cg
(mayflies)
Bactidae Callibaetis sw. cb
Tricorythidae Tricorythodes sp. cg
Odonata (dragonflies | Aeshnidae Aeshna cb
and damselflies)
Acshnidae Anax cb
Aeshnidae Boveria cb-sp
Cocnagriidae Argia cg, cb-sp
Coenagrionidae Enallagma ch
Coenagrionidae Ishnura cb
Coenagrionidae Zonagrion cb
Cordulegastridae Cordulegaster bu
Lestidae Archilestes cb
Hemiptera (true bugs) | Corixidae SW
Gerridac adult Gerris sk
Gerridae Trepobates sk
Notonectidae Notonecta sw.cb
Veliidae Rhagovelia sk
Trichoptera Hydropsychidae Hydropsyche cg
(caddisflies)
Hydroptilidae Hvdroptila cg
Lepidostomatidae | Lepidostoma cb-sp-cg
Limnephilidac Hesperophvlax sp
Coleoptera (beetles) Dryopidae Helichus adult cg, cb
Dytiscidae Hydaticus cb, dv. sw
Dytiscidae Hyvdroporus cb.sw
Dytiscidae Hvgrotus ch.sw
Dytiscidae ch.sw
Dytiscidae adult cb, sw
Dytiscidae adult A ch.sw
Dvtiscidae adult B ch.sw
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Order Family Genus Mode of
Existence
Dytiscidae adult C cb, sw
Hydrophilidac Ametor cg
Diptera (flies) Ceratopogonidae Bezzia bu
Chironomidae A
Chironomidae B
Chironomidae C
Chironomidae G
Culicidae sw
Empididac Hemerodromia bu,sp.
Ephydridae Brachvdeutera bu,sp
Muscidae Limnophora bu
Psychodidae Maruina bu
Simulidae cg
Tabanidae Tabanus bu,sp
Tabanidae bu,sp
Tipulidae TipulaB bu
Tipulidae Tipula bu

Abbreviations used in table:

bu = burrower

cb = climber
cg = clinger
dv =diver
sk = skater

sp = sprawler
SW = swimmer
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Functional Feeding Groups of Aquatic Insects Collected Sandia Canyon’®
November 1993 through October 1994
(adapted from An Introduction to the Aquatic Insects, Merritt and Cummins, [984)

APPENDIX E

Order Family Genus Functional
Feeding Group
Ephemeroptera Bactidae Bactis Cg. ¢
(mayflies)
Bactidae Callibactis cp
Tricorythidace Tricorvthodes cg
Odonata (dragonfliecs | Aeshnidae Anax pr
and damsclflies)
Acshinidae Boveria pr
Aeshinidae
Coebagruibudae Argia pr
Coenagrionidae Enhallugma pr
Cocnagrionidac Ishnura pr
Coenagrionidae Zonagrion pr
Coenagrionidac pr
Cordulegastridac Cardulegaster pr
Lestidac Archilestes pr
Hemiptera (true bugs) { Corixidac he.pr.sc
Gerridae Gerris pr
Gerridae Trepohaies pr
Notonectidae Natanecta pr
Veliidae Rhagovelia pr
Trichoptera Hydropsychidae Hydropsyche cf
(caddisflies)
Hydroptilidae Hydroptila he.sc.cg
Limnephilidac Hesperophvlax | sh
Coleoptera (beetles) Dvtiscidae Hvdaticus pr
Dytiscidae Hyvdroporus pr
Dytiscidae Hygrotus r
Dytiscidae adult pr
Diptera (flics) Ceratopogonidac Bezzia pr
Chironomidac cp or pr
Culicidae cg.cf
Empididac Hemeradromia

preg
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Order Family Genus Functional
Feeding Group

Ephydridac Brachvdeutera cg

Muscidac Limnophora pr

Psychodidac Maruina sc,cg

Simulidac cf

Tabanidac Tabanus pr

Tabanidae pr

Tipulidae Dicranota pr

Tipulidae TipulaB sh

Abbreviations used in table:
cf = collector filterers
cg = collector gatherers

he = herbivores
pr = predators
SC = scrapers
sh = shredders
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