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AQUATIC MACROINVERTEBRATES AND WATER QUALITY 

OF SANDIA CANYO~, LOS ALAMOS NATIONAL LABORATORY 

NOVEMBER 1993-0CTOBER 1994 

by 

Saul Cross 

ABSTRACT 

The Ecological Studies Team (E$T) of ESH-20 at Los Alamos National 
Laboratory (LANL) has collected samples from the stream within Sandia 
Canyon since the summer of I 990. These field studies gather water quality 
measurements and collect aquatic macroinvertebrates from pennanent sampling 
sites. Reports by Bennett ( I 994) 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 

pennanent stations within the canyon from November I 993 through October 
I 994. 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 streams of the area. The two lower stations have increased 
macroinvertebrate diversity and stable communities, further indications of 
downstream water quality improvement. 

I 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 ass~.:mblc basdin~ inli.mnation on the aquatic environment in Sandia 

Canyon and to detcm1ine 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) ofth~ stream monthly. the EST collected aquatic 

invertebrates to gain a more complete understanding of Sandia Canyon's aquatic 

environment. 

In a report for the Bureau of Reclamation (l3attcllc 1972 ). Battelle Columbus 

Laboratories outlined a comprehensive and interdisciplinary Environm~.:ntal Evaluation 

System (EES). This EES uses physical. chemical. and biological parameters to assess 

possible environmental impacts of water resource projects. This repot1 rc1crs 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 19R4). 

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 ottcn indicate the presence of organic \Vastcs. The 

amount of dissolved oxygen (DO) in water has a direct and immediate effect on 

invertebrates using tracht:a\ gills for respiration (as the larvae of dragonflies. maytlies, 

caddisflics, 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 I Eriksen et al 19~4). Although 

aquatic insects require more oxygen fi.)r metabolism at elevated temperatures. less is 

available due to decreased solubility (Gautin et ~•L 1974). Certain stages in the life cycle of 

aquatic invertebrates, such as emergence. will not occur unless sufficient oxygen is present 

(Bell 1971 ). Cold-water mayflies and stonctlics cannot tolerate DO concentrations much 

below 5 mg/1 (Nebeker 1972). 

Page 2 

i ... 
·,. 

1. • .. . . , 
L:. 

) 

~ 
·l 



-----------------------------------------:-----, 

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 neutrality. and high values indicating 

basicity. Some aquatic organisms, as mayflies. arc 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 nearby 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 I 0.000 mmhos/cm. A rough 

approximation of the total dissolved solids (TDS) of freshwater in mg/1 can be obtained by 

multiplying the conductivity by 0.66. The upper limit ofTDS that aquatic organisms can 

tolerate ranges from 5.000 to 10,000 mg/1 (Battelle 1972). 

Aquatic macroinvertebratcs have been extensively used as water quality indicators. 

A macroinvertcbrate is an invertebrate that is visible to the unaided eye. This repon uses 

the terms macroinvertebrate, aquatic macroinvcrtebrate, 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 viriuaily every sircam, 
range of sensitivities to stress and contaminants. 
life cycles which arc frequently of at least one 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 

macroinvenebratc communities indicate water quality over a much longer period 
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(Rosenberg ct al. 19X6). Failure of dtcmkal criteria to protect aquatic life has necessitated 

incorporation ofbiological criteria into water resource management pl:mning (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 197 3 ). 

Biological assessments reduce the complexity of an ecosystem. allowing 

management to make inlonncd decisions and take appropriate actions (lntcrgovcmmental 

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 prnhlcrns 
providing infonnation to support development and implementation of policies 
and programs for watcr-resour~e m~lllagcment 
~:valuatmg pm!!ram ~..·th·~tin·n~..·ss 
responding to cmcrp.encics. 

2 ENVIRONMENTAL SETTING 

2.1 General Setting 

Sandia Canyon is located within the houndari1.·s of Los Alamos National 

Laboratory (LANL). The Laboratory is located in tlOrtiH:cntral New Mexico on the 

Pajarito Plateau. approximately 120 kilometers OW miles) north of Albuquerque and 40 km 

(25 mi) west of Santa Fe (Fig. l ). The plah:au is an apron of volcanic sedimentary rock 

stretching 33-40 km (20<!5 mi) in a not1h-south direction and X--l 6 km (5 .. { 0 mi) from 

cast to west. 

The average elevation of the plateau is 2.2X6 meters (7 .500 teet). It slopes gently 

eastward from the edge of the Jemez Mountains. a vokanic rm;k complex situated along 

the northwest margin of the Rio Grandl· rill. From an eh:,·atwn of approximately l.X90 
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meters (6,200 ft) at Wlute Rock. the scarp drops to I.Mb meters (5.400 ft} at the Ril> 

Grande. Intermittent streams tlowinl! 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 Bandelier tuff erupted from the Jcnli.'Z Mountains about I. l to 1.4 

million years ago. The tufT overlaps uther volcanit·s that. in tum. overlay the Puye 

Formation conglomerate (LANL 19XH). 

The LANL area is characterized by a semiarid. h:mpcrate, montane climate. In the 

summer monlhs. temperatures typically range from a daily low of around I 0 (' (50 F) to a 

high of 27 C (80 F) (Bowen 1990). Winter temperatures generally range from ncar -I 0 ( · 

(15 F) to about 10 C (50 F) during a 24-hour period. Annual precipitation varies from 33 

to 46 centimeters ( 13 to 1 R in.). most of it t~llling as rain in July and August. 

2.2 Description of Sandia Canyon 

The head of Sandia Canyon is n~ar the University House in Technical Area 3 (TA-

3). and the canyon extends southeastward to the Rio Grande. The drainage basin is 

approximately 13.5 square kilometers (5.6 square miles). Industrial enluents from LANL 

activities maintain a year-round streamflow in Sandia Canyon. 

The National Wetlands Inventory conducted by the U.S. Fish and Wildlife Service 

identified three types of wetlands or water systems in Sandia Canyon. EST's monitoring 

was conducted in the first stretch. a "persistent artificially 1looded. palustrine wetland." 

This wetland occurs below T A-3 and ret:cin:s cttluent from the TA-3 steam plant. a 

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

effluent discharges since the early 1950s. Scvcrai i.ANL outfalls Jischargc in:.~ a cu!vl.!rt :.!! 

the head of the canyon. and a sanitary waste. outl;tll discharges excess reuse water above 

SC2. Storm water runoff and snow melt alsl) seasonally contribute to the strt•am. 

farther downstream, the stream crosses Last Jemez Road. Here. the wetland area 

changes to a "temporarily Hooded palustrine w..:tland" type. The stream's lower strl'tch is 
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an "intem1ittent, temporarily tlooded. riverine stream bed" (Cowardin I 979). The National 

Wetland Inventory map of Sandia Canyon is shown in fig. 2. 

2.3 Description of the Study Sites 

In 1990. three permanent 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 ofall 

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 

stream. with higher number occuring upstrl·am. 

SCI is at the base of the rubble landfill and immediately beyond the effluent 

culvert. It receives effluent from the steam plant and the asphalt plant. The streamside 

vegetation in this section consists of redtop (Agrostis alhu) and cattails (Typha /atifolia). 

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 releases 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 

menziesii) and white fir (Ahies concolor) appears to be dying. 

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

,. ..... -r;,...,.. -t' .. ~ • .r •• ,_ r• ... _,..,..,. .... ;r.r~- ..... 11.. ... 1 ................ ,. ....... A ....... ;"\ .t...; ..... t""' fr;~'"•··- , ...... \ 
'-V11.31.3\.3 VI 1\o..UI.VJl .. \... UlhlUQ 'VV liUIJ\.. \j,..t.l IIU~.J 1...-UUUU\.:II.Hol J• Ull.:Hn .. \'\..·&I oHUIII ...,.,.,, 

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 suhstmtc 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 is at a pool, approximatdy 0.4 km (0.25 mi) downstream from station SC:!. 

The vegetation in this area is chanu.:tcrized by redtop and wheatgrass (Agropyron sp.) on 

the south side of the stream channd and l'attails 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 SC:!. 

SC4 is at a large pool below the cattail marsh, approximately 0.4 km (0.25 1111) 

downstream from station SC3. Nearby limber pine (Pinusflexilis) and ponderosa pine 

(Pinus po11derosa) provide some shade. The vegetation is limited by exposed bedrock 

which surrounds the pool. Nearby vegetation includes June grass (Koleria t'J'istata). 

Canada wildrye, and little bluestem (A11dropogon 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 ofOdonatcs (dragonflies and damselflies) and Trichoptera (caddisflies). 

In November of 1994, SC5 was moved ;1pproximately 50 meters ( 164 It) 

downstream from its previous location. Streamside vegetation includes redtop. little 

bluestem. smooth brome (Bromus inermis). wild rose (Rosa \\'uculsii). and mosses. Nearby 

ponderosa pine. willows (Salix sp. ). and a few Douglas-firs (Pseudotsuga men=icsii) 

provide some shade. The channel is 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 tine sediments <1rc deposited on the sides and in 

the slower reaches. The stream bed contains few cobbles, limiting the suitabiiity of <~lJU<iik 

macroinvcrtebratc habitat. 

3 HISTORICAL DISTURBANCES l!'i SANDIA CANYOI'\ 

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

Canyon has been atlcctcd by the rubble landtill. Los Alamos County sanitary landtill, 

accidental chemical spills, and cumulative habit~1t degradatwn. 

P;tgc 10 



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 stonns and snow 

melt. Recent attempts have been made to stabilize the landfill and prevent eroding 

materials from entering the stream 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 county 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 T A-3 power plant environmental 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 macroinvertcbratcs 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 

treatment plant into Sandia Canyon. Subsequent investigation revealed a significant 
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decline in the number of stream macminvcrtchratcs. By th-.: end of summer. the numbers of 

macroinvcrtcbratcs had nearly returned to normal. 

3.4 Overall Habitat Degradation 

A properly functioning wetlands pro\'idcs increased water n:tcnuon, storm and 

flood abatement. groundwater rcchar!!e. sediment trapping. pollutant tihering, and wildlife 

habitat (Hill 1994). However. the wetlands in Sandia Canyon is not functioning properly. 

primarily due to anthropogenic stresses. Thes-.: stressors include 
• high chlorine levels in the upper canyon 
• thermal pollution 
• greatly t1uctuating water levels. causing to channelization and scour 
• high sedimentation loadsfrom the Los Alamos County l:mdtill and the LANl. 

rubble dump 
• asphalt and trash in the stream 
• previous sewer line, which failed to restore the area to its natural contours 
•loss of potential aquatic and wildli ti: habitat due to sedimentation. 

channelization. low plant diversity. and senescent cattails. 

According to a recent Department of Energy compliance investigation of LAN L wetlands 

(Kubik I 993), .. The wetland at the head of Sandia Canyon has been, and continu~.:s to he. 

adversely impacted by chemical releases and other LANL activities assoicated with T A-3. 

Efforts should be made to prevent further disturbance of this wetland." 

4 METHODOLO(;y 

4.1 Water Quality Measurements 

EST attempted to measure the temperature. pH, DO, and l:onductivity of stream 

water monthly at all five sampling stations. Measurements were taken with calibrated 

instruments in accordance ,..-ith ihe manufacturer's spc!:ifirations. All measurements were 

taken three times; and the average value was used in ~omputations. 

Temperature measurements were taken with the temperature probe of an Orion 

SA-250 pH meter or a Ycllo\v Springs Instrument rnOlh:l 57 DO ml!ter. All pll 

measurements were taken with an Orion SA 250 pH meter. DO was measured with a 

Yellow Springs Instrument model 57. DO n:adings \Verc multiplied hy a l~1ctor of0.7!5 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 

conductivity in units of J.Unhos:~m. Estimates of total dissolved solids were obtained by 

multiplying the conductivity readings by 0.66 (Battelle 1972). 

4.2 Aquatic Macroinvertebrate Sampling 

Aquatic macroinvenebrates were collected monthly at the same time that v,:ater 

quality measurements were taken. The substrate at each station was agitated, and various 

microhabitats at each site were included. Sampling employed a large, D-framc dip net with 

a diameter of 11.5 em (4.5 in.) at its widest point. The net was scraped against the stream 

bed for 60 seconds and then carefully removed from the water (Hilsenhoff 1977). All 

captured aquatic invencbratcs were collected in scintillation vials containing 70% ethanol 

and taken to the EST lab for identification. 

Organisms were identified using a Bausch and Lomb "Stcreozoom 7" binocular 

dissecting microscope. Identification of specimens was accomplished using taxonomic 

references for southwcstem macroinvertcbratcs including Pennack 1978, Merritt and 

Cummins 1984. Edmunds 1976, Baumann 1977. Wiggins 1978. and McCaffeny 1981. 

Organisms were identified to genus when possible. and archived in the permanent EST 

invenebrate collection in 701
}·;, ethanol. Identifications were confim1ed by Dr. Gerald Z. 

Jacobi of New Mexico Highlands University, a recognized ex pen on the aquatic 

macroinvertebrates of New Mexico. 

4.3 Aquatic Macroinvertebrate Anal~·sis 

Many early water quality investigations attempted to measure species-specific 

invertebrate tolerances to pollution and compiled extensive species i·ndicator lists. This 

method is prone to erroneous interpretations since species-level identification is difficult to 

ascertain, tolerances of some species vary greatly under different environmental 

conditions. and "intolerant" species may occur in polluted waters due to drift. i.e. transpon 

by water currents. 
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Recent studies have emphasized the unportancc of community structure in 

evaluating water quality (Gaulin and Tarzwell 1956: Hilsenhoff 1977: and Schwcnneker 

and Hellenthal I 9S4). Di\'crsity indices have hcen developed to allmv numerical 

comparisons of whole macroinvertehr<~te communities. Unpolluted environments have 

higher taxa diversity index value:; than polluted environments. which tend to be dominated 

by relatively few tolerant species. EST rc\·icwcd the numbers of colh:ctcd 

macro invertebrates and population distributions by station. Invertebrate habits (modes of 

existence) and functional feeding groups were also examined to further elucidate 

community trends. 

The Community Tolerance Quotient (CTQ) index was developed to assess the 

impacts ofnonpoint source pollution in the western United States (Winget and !\1angum 

1979). This system has been previously used in the Jemez 1\tountains to etrcctivcly 

evaluate stream quality (Jacobi 1989. 1990. and 1992) and provides a more complete and 

accurate basis for site comparison than the PET ( Plecoptera. Trichoptcra. and 

Ephemcroptera) index. Tolerance quotients li.lr aquatic macroinvertebrate taxa range from 

6 (the most sensitive) to I og (the least sensitive) and are based upon tolerances to 

alkalinity, sulfates, and sedimentation. The CTQ is computed using the formula 

where 

CTQ ,-~ L(:xt).n 

x '"number of individuals within a species 
t ""tolerance value of a taxon (found in a published table or values) 
n == total number of organisms in the sample 

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

counting error occurred, it was due to under-counting rather than o\'cr-counting. Thcrcf(lre. 

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

• different life stages of a taxon present 
• specimcn(s) keyed to the tamily level and amJthcr spccin1cn(s) in the same 

family identitied to a lower level 

• possible ditTerent instars of a genus assigned separate descriptive. rather than 
taxonomic. identifications. 
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The data from each station were pooled. and a diversity index was calculated using 

the equation discussed by Wilhm ( 196 7): 

where 
D = (S-1) /In N, 

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 I indicates heavy pollution. between I 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 eftlucnt from the T A-3 steam plant that is 

normally discharged at temperatures 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 I). 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 warm water fishery 

(State of New Mexico 1995). 
Table I. Water Quality Parameter Yearly Averages for Sandia Canyon Sampling 

Stations. November 1993 through October 1994. 
1- I I_. .1- ... 1-;,ampung water PH UISSOIVeO rercent or LOnOUCtiVIly au;, 

Station temperature oxygen oxygen f..Ut1hos/cm (mg/1) 
(oC) (mg/1) saturation 

I 14.6 8.5 7.82 75.9 816.2 538.8 
2 15.0 lU 7.73 76.7 721.9 476.5 
3 13.0 7.8 7.33 66.9 704.3 464.8 
4 II. I 8.1 8.93 79.1 727.5 480.1 
5 11.1 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 October 1994. 
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5.1.2 pH. Fig. 5 displays monthly pll readings from the five sample stations. The highest 

average pH readings usually occurred at SCI (Table I). This is probably due to the 

influence of the steam plant eflluent. 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 SCJ, 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 treatment 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 readings 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 ±I from the normal pH is considered insignificant to 

aquatic macroinvertebrates (Lehmkuhl 1979). In 4 7 of 50 readings. the pH measurements 

fell within the State of New Mexico standards for high quality coldwater fisheries (State of 

New Mexico 1995). 

S. t .3 Dissolved Oxygen (DO). The highest yearly average DO readings occurred at SC4 

(8.93 mg/1) and SC5 (8.99 mg/1), while the lowest (7.33 mg/1) occurred at SC3 (Table I). 

Fig. 7 displays the monthly DO conccntratil;ms in mg/1 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 5. Monthly pH 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 I) 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 due 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 Dissoh·ed Solids (TDS). Monthly conductivity readings in 

f.UTihos/cm are displayed in Fig. I 0 and yearly averages arc given in Table I. The highest 

monthly readings were recorded at SCI in January ( l.9l2J.Unhos/cm) and SC2 in February 

(2,008 f.Unhos/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 readings 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 ofTDS per liter offrcshwater can be 

obtained by multiplying the conductivity by 0.66. Fig. II illustrates estimated monthly 

TDS concentrations from the five stations and Table I 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. 

The highest TDS concentration recorded was 1325 mg/1 at SC2 in Februar-y. Aquatic 

organisms can generally tolerate TDS concentrations as high as 5000 mg/1, a concentration 

much higher than any found at the sampling stations. 
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5.2 Aquatic Macroinvcrtehrate Analysis 

5.2.1 Total Numbers and Taxa 

A total of 3,562 macroinvertcbratcs 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 8 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, SCI and SC2 had significantly reduced numbers of aquatic 

macroinvertcbratcs when compared to SC4 and SC5. 

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 J 5 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 ofmacroinvertebrates 

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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communtics. The lower two stutions had more: c\·c:n m;u.:ruinvcrtcbmtc distributions. although 

they were only sampled II times (il·c prcvl.'ntcd taking samples at SC4 and St"5 during 

february 1994 ). 

Table 2. Monthly Awrage, Total, and Two-Most-Populous-Month ~umbers of 
Macroinvertebrates for Sandia Canyon Sampling Stations, November 1993 through 

October 1994. 

Station Average Number Collected Total Number TMPM*rfotal 
Number in TMPM* Collected Percentage 
Collected 

I 15.8 16J 190 X5.X 

2 5.1 41 61 67.'2. 

3 175.8 1'2.75 2110 60.4 

4 49.6 251 546 46.0 

5 68.7 341 756 45.1 

• Two-Most-Populous-Months 

Another measure o.f population distributions is the determination of the number of 

months that no aquatic invcrtl'bratcs wcrl' collc:ctcd at a sampling station. No 

macroinvertebrates were found at SCI on 33% of the sampling dates: and none were 

collected at SC2 on 50% of the sampling dates. In contrast. macroinvcrtcbrates were 

collected at SC3, SC4. and SCS every time a sample was taken. 

5.2.3 Tolerance Quotients 

Tolerance quotients for each taxa tound in Sandia Canyon arc listed in Appendix C. 

The computed yearly CTQs for each sampling station arc vl!ry similiar at all sampling 

stations (Table 3). The table indicates that SCI supported the most sensitive communtity of 

aquatic macroinvertcbratcs. However. its low yearly CTQ value is solely due to tht! large 

numbers of Baetid may !lies ( 126 individuals of the genus Callihaeris: tolerance quotient of 

72) collected at SCI in September and October. 
Table 3. Yearly Community Tolerance Quotients for Sandia Canyon Sampling 

S N b 1993 h h 0 b 1994 tat10ns, ovem er t rOU21 cto er . 
Station Individuals Tolerance Sums CTQ 

1 1R8 15072 80.2 

2 59 5832 98J~ 
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3 2110 207432 98.3 

4 546 48348 88.6 
5 75o 73224 96.9 

5.2.4 Community Structure 

A natural aquatic ccosyst~m 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 more thorough brcakdov.·n of the dipteran family Chironomidae). All stations 

contained representative swimmers. clingers, climbers, and burrowers. In 1993, very few 

clingers. sprawlcrs. 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 insects 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 feeding mechanism more than food origin. 

T bl 4 Ch. f F f I F d. G a e . ae unc aona ee mg roups o fA f I ,qua ac t nsec s. 

Functional Group Dominant Food 

Collectors Fine particulate organic matter 

Shredders Coarse particulate organic matter 

Scrapers Attached algae and associated material 

Predators Engulfers or pierccrs feeding on living animal tissue 

Picrcers Pierce plant cells or tissues and suck out fluids 

A natural ecosystem 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 statwns. < >nly one individual of each of the two picrcer 

taxa found in Sandia were collected. Only two shn:dder taxa were collected and almost all 

of these (27 of 28) occurred at SC5. In terms of fulll:llonal keding groups,alltivc sampling 

stations were similar with SCS having slightly more diversity. This contrasts with I 993 

data that reported much more cmnplex communties at the downstream sites. The difference 

is probably due to differences in sampling at the SC4 <md SC5 sites und downstream 

habitat degradation, primarily due to sedimentation. 

5.2.5 Biodiversity 

Wilhm's biodiversity indices (Wilhm 1%7) were cakulah:d monthly tilrcach 

sample station from November 1993 to October 1994 (Fig. 15). Small high-elevation 

streams tend to have low taxa diversity ovt:rall ( Hilsenhoff 1977). 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 index values were 

recorded at the upstream stations; the highest values were recorded at the downstream 

stations. 

TableS. Yearly Averages of Wilhm's Biodi\.·cristy Values for Sandia Canyon 
Sampli St f N b 1993 th h 0 t b 1994. ng ... a aons. ovcm cr roug1 co cr 

Station Biodivcrsitv Value 
I O.X9 

2 0.66 

3 I.OX 
4 1.4X 
- 1 ~-"} 

6 CONCLUSIONS 

The great majority of physical and chcmtcal measures taken in Sandia Canyon arc 

within New Mexico standards for coldwater fisheries (Note: water temperatures were 

evaluated according to state standards t(n warmwatcr tishenes). Several upstream high-

conductivity and TDS readings arc due to parking lot runofL which carried road s"lt into 
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Figure 15. Wilhm's biodiversity values for Sandia Canyon sampling stations, November 1993-0ctoocr 19Q4. 
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the stream during winter months. Low pH and DO readings at the middle stream arc 

ascribed to the effects of natural vegetative decomposition. Dissolved oxygen 

concentrations at the upstream stations wen.: in Bat elk's excellent range, suggesting that 

no significant amounts of orgamc pollutants arc entering the stream. Hm\'e\·cr. the high 

temperatures and occasional high-pH values at the upper stations arc attributable to 

effluent discharges. Elevated chlorine lc,·cls from a sanitary outfall dischargmg above Sl'2 

arc the probable cause for that station's low macroinvertcbratc numbers and divcrsity. 

The two upstream sam piing stations han· low numbers of macroinvertcbratcs. 

reduced biodiversity, and unstable macroinvcrtcbrate communities. These depauperate 

conditions arc due to habitat degradation resulting from restm:tcd colonization. 

sedimentation, channelization. scoured substrates, se\'ercly lluctuating .water and 

temperature levels, and effluent discharges. The middk sampling station had high numbers 

of macroinvertebrates. intermediate biodiversity, and a more stable macruinvcrteberate 

community; In contrast, the downstream two sampling stations have intermediate numbers 

of invertebrates, increased biodiversity, and the most stable macroinvertcbrate 

communities. These downstream communities and taxa more closely resemble those of 

natural streams in the area. suggesting a zone of recovery where upstream eftlu..:nt 

discharges and habitat impoverishment arc mitigated by the intervening cattail marsh. 

However, these communities arc not as rohust (lower biodivcrsitics and less complex 

community structures) as previously reported. possibly due to ctrccts of eftlucnts and 

sedimentation reaching further downstn:am. 
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APPENDIX A 

:\hlcroinHrlchr:ltl' Taxa Colll·ctcd in l'ppca· Sandia Canyon. 
~OH'Illhl'r 19tl3 thruu~h Ol·tohl·r 1994. 

Insects: 

Order Famih: (;en us (SJ)l'l"ics) Shttion 
Ephemeroptcra Bacttda~ lltlt'lis 1.:!.3A.5 

Ba~titl:tl' Callihal'tis 1.~.3.45 

Tricorvth ida~ T'rin wrt hodes f 111 i1111 Ills J 1.3.-t.~ 

Odonata Acshnid~1c .. k.,/llla 5 
t\cshnidac .I /Ill\' 1.::!.~.4.) 

:\cshnid;u.: U u 1 ·, •ria 1 .. '.-l.:' 

Acshnidac 
., -

C ocnacrion idac ..In~/,, 1.2.3.-t.:' 

C4ll:nal!rionidac /:'nallat:ma I 

Cocnav.rionidac /.\('h/111/'tl 3 

Cocna!.!rionida~ lolltl!!rtlll/ .~ 

( 'ocnal!rionidac ·'·:' 
Cnrdulcuastrida~· ( 'orclulegastcr -~ 

Lcstidac :I rch i It ·s 11 ·s 1.3 

Hemiptera Corixidac ") 

Gcrridac licrri., 1.4.5 
Clcrridac Tr,'JIOhlltl'.\' l.-t.5 
Nohmcctidac .\'t l{t 1/1('( '[(/ ·' Vclitdac Rhagm·dia ., 

-
Trichoptcra llvdn1psvchadac Ifni mpw c he -t.:i 

llvdroptiltdac I lrclroJlllla -l 

l.imm:phi tidal' f/1 'SJWI'IIJ '"I ·/11 \ .:t " 
Coleoptera Drv,lpida~ adult 1/dtchw 4.:" 

Dytiscadac 1/n/at/1 ·us -l 

Dvtisl·idac l/1·dn 'I'' Wits -l 

Dvt i ~l·adac I" ,!.!.I'U/11\ 5 
Dvti~cidac 2.3.-t.5 
Dvtsc!liac adult :I 2.:' 
Dvtiscadac adult IJ .~.-l 

lhti~cidac adult (' I 
Dv11sciJac adult ~A 

llvdmphtlidac .·lml'lor I 
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Order 1-'amih· (lenus (species) Station 
Diplera C'eratopol!onidac /Jc::ia 1.5 

Chironomidae .I 1.2.3.4.5 
Chironmnidac H 3.5 

Chironomidac c 1.3.4.5 

Chironomidae {; 3.5 
Chironomidac f'llf'"e PB 1.~.3.4 

Chironomidac f'llfJIIC J>( • 1.~.3.5 
. . 

Culicidae 3 
Empididac Jlcmerodrom ia 2.5 
Empididae l )reogeron I 
Ephvdridac Bracht ·deurcra 1.3 

Ephydridac pupa 2 
Hclcidac 3 

Muscidae l.i m noplwra 2.4 

Psvchodidae Mal'llina I 
Psychodidae f>llpat> I 
Sirnulidac 2,3.5 
Simulidac pupae 4 
Tabanidae Tahanus I 
Tabanidae 2 
Tipulidac Di< ·ranota I 
Tipulidac T1jm/a IJ I 

~on-insects: 

Phylum Class Order or f<'amily Sampling 
Sub-Class Station 

Annelida Oligochacta Lumbriculidac I ,2.3.4,5 
Naididac 3 

Arthropoda Crustacea Cope_poda 3 
Crustacea Ostracoda C and on i idac 2,3.4.5 
Crustacea Ostracoda ('vnrididac 1,3,4.5 

i\·Jollusca (iastropoda Basommatophora Lymnacidac. 5 
L nnnaea 

Gastropoda Basomrnatophora Physidac, 3 
Pht·sa 

Plat\·helminthes Turbcllaria I 
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APPENDIX B 

Aquatic lm·ertebratcs Collected 
in los Alamos County and Adjacent Watersheds 

( * =life stage not known, all spc~:imcns arc larval unless otherwise noted) 
Insects: 

ORDER FAMII.Y GEI'illS SPECIES LOCATION 

** 
P1ecoptera Capniidac Capnia F 
(Stoneflies) 

Capniidac F 
Chloroperlidac Chlomperla F 
Chloroperlidac /'a raper/a ti·ontalis G.L 

Chloroperlidac /'a raper/a f 

Chloropcrl idac Sudtsa t ·o/oradc>nsis F 
Chloropcrlidae Sweltsa a lamha F 
Chloropcrlidae Sweltsa F,G 

Chlor~crlidae Suwallia G.L 
Chloroperlidac f,G,L,SG 

Lcuctridae Parah•uc-tra ve rs IIi 11 a F 
Nemouridae Amphinemura f.G 

Ncmouridac Amphinemura han hi F.G,L,P.SG 

Nemouridac Malenka coloradensis F 
Nemouridac Malt>nka G.L 

Nemouridae Nemoura F 
Ncmouridac Podmosta clclicatula · G 
Nemouridae lapacla cinctipes F 
Ncmouridae Zapcu/a ji-igicla L 

Pcrlidae A croneuria a hnorm is F 
Perlidae 1/espen'JJt'r/u J!acitka F.L.SG 

Perlodidae Cui Ills a est i m/ is GL 

Pcrlodidac Culws G 

Perlodidac /soper/a iitim 
,, . . -

Pcr1odidae l.wpcr/a qui nquepunct F 
uta 

Pcrlodidac /soper/a F.G.L.S 

Perlodidae Ko~otus modest us G,L 

Pcrlodidac Skwala para/lela G 
Ptcronarcyidae I 'lerona rnd Ia hadia F,G 

Pteronarcyidae Ptemnurcella F 
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ORDER FAMILY GENUS SPECIES LOCATION 

** 
Ptcronarcyidae Pteronarn•s californica G 
Ptcronarcyidae Pteronarcvs G 

Tacnioptervgidac Taenionema F 

Ephemeroptera Bactidac Baetis bicaudal a F 
(Mayflies) 

Baetidac Baetis insi~ni/icans F 
Bactidac Baetis tricaudatus A,D,F,G.L. 

PS,S 
Baetidac Baetis A,C ,F ,G,H,L, 

P,PS,S.SG. 
128 

Bactidac Callihaetis G,L,P,PS,S.4 
8 

Ephemercll idae Drunella colora dens is G.L 

Ephemercllidae Drunella dodd\·i F.G 

Ephemcrellidae Drunella grandis. F,G 
grand is 

Ephemercllidae Ephemerella inermis F,G,L 

Ephemerell idae Ephemerella infrequens F,G 

Ephemerellidae Ephemerella F 
Heptageniidae Cinygmula F,G,L 

Heptageniidac Epeorus longimanus F,G,L 
Heptageniidac Epeorus F,G,L 

Heptageniidac Heptagenia G 
Heptageniidac Nixe simp/ic:oides L 
Heptageniidac Rhithrogena F 
Leptophkbiidae Paraleptophlebia F,G,L 

Siphlonuridae Ame/etus F,G,L,S,SG 
Siphlonuridac Siphlonurus occidentalis F.L 
Siphlonuridac Siph/onurus F 
Siph!onuridac A 
Tricorvthidae Tricorrtlwcles minutus G.S 
Tricorythidac Tricorvtlwdes A,F 

Odonata 
suborder Aeshnidac Aeshna A,C,F,t,S 
Anisoptcra 
(Dragonflies) 

Acshnidac An ax H,P,S,48 
Aeshnidac Boveria L.S 
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ORDER FAMILY GE:\l'S 

('urdu lcl!ast ridac ( ·u,·dule.l!.!lSit'r 

Corduliidac Hl'lum a'! 

(il)mphidac 

L.ibdlulidac I. c 'ltc ·lu wrh i 1111 

l.ibdlulidal.' l.ihdlula 

Libcllulidac I' a ntala 

Libcllulidac I 'Ia 1\ ·hem ts'! 
l..ibcllulidac: .\·, 'lllfli'l rum? 

Lihcllulidac 

suborder Agriidac Argicm 
Zygoptcra 
(Damselflies) 

Agriidac lf<'ICICt'illa 

Cocnagrionidac A n~ia 
Cocnagrionidac l~·llallal!.ma 

Cocnagrionidac 1/rpon<'ura 

( 'ocnagrionida'c lslrnura 

('ocnagrionidac /.'illlll/1'(1 

( 'ocnal.!rionidac Zu11iagrio11 

Lcstidac A rchilestt•s 

Hemiptera Corixidac Corisdla 
(True bugs) 

Corixidac Sigam 

Corixidac Trtc ·/u}( w'i.ra 

Gcrridac Gerris 

Gcrridac ( il'rris 

<.icrridac <i('l'l'l.'i 

Gcrridac .\IC'trohatc•s 

(lcrridac li'cpoha I <'S 

Naucoridac Amhn·sus 

Notoncctidac ;\'owllecta 

Notont:ctidac Xotmrecta 

Vcliidac :\1 i c ron ·/i a 

Vdiidac /? ha!.!,on ·I w 

Vcliidac 

Trichoptcra Bra~hy~.:cntndac ..tIll i (I(.,.,, /"II.\ 

(C'addistlics) 
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/ll'l]}(lrllll 

margi nafll.\' 

IWtahl/i.\' 

m o rm o 11 

wululata 

LOCATIO!" 

** 
F.S 

A.CP 

I..P 
I 
PS 

A.C 
p 

PS 

A.F.PS 

A 

A.PS 

A,C.F.P.S.PS 

l.S 
F 
F 
II.S 
s 
PS.S 

F 

F 

A.P.S 
F 
F 

A.D.F .G.II.I. 
l.,S.PS 

PS 

H.S 
4 , • IlL" 
/\,\.. .. ·' 
F 

cs 
F.< i.l. 

s 
A.PS 

F 
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ORDER I'AMIL\' c;ENUS SPECIES LOCATIO~ 

** 
Brachyccntndac Bra<·h \n.>ntrus american us F 
Brachyccntridac Bracht·ccntrus F 
Brachyccntridac Micrasema F,G.L 

Brachyccntridac Micrawma G 
pupae 

Calamoccratidac Phvllmcus F 

Glossomatidac AJ:apctus G 
G Jossosomatidac AnaJ:apetus G 
Glosssosomatidac Glossosoma F.G.L 
Hclicosychidac Hdicopst·chc horea/is G.L.PS 
Hclicopsychidac He/ic·op.\'l'c'he F 
Hydropsvchidac A rctop.\'\ ·che grand is A.F.G.L.S.PS 
Hvdropsychidac Clu•wna topst·du• G.PS 
Hvdropsychidac H1·drop.\'\ ·che occentalis PS 

Hydropsychidae H\·clrops\'Cite os/ari A,F 

Hvdropsychidac H1•drops1·che F.G.L.S 
Hydrospsychidae Hn/rop.\'1 ·dte F,G,PS.S.SG 

Hydroptilidae Alisotri<·hia PS 
Hydroptilidac Hwlroprila A,P,PS,S 

Hvdroptilidac Leucotrichia PS 
H ydropt i lidac Ochrmricltia F.G.L 
Hvdroptilidae Stacfc,hicl/a A.PS 
Lcpidostomatidac Lepidostoma F.G.L.S.SG 
Lcpidostomatidae G 
Lcptoccridac Oecetis? G.L.P.S 
Limncphilidac Dicosmoecus F 
Limnephilidac Hesperc1ph\·lax G,L.P.S,SG 
Limncphilidac Hesperophylax G 
pupae 

Limncphilidac Lim nephi/us F.G,L.PW.S 
Limncphilidac Oligo ph lehnd<'.r F.G.L.P.S 
Limnephilidac 0/igoph/choc/cs G 
pupae 

Limnephilidac P.\'l'choron ia F,G 
Limncph i I idac G.L.PW 
Odontoccridac Namam1·ia G 
Philopotamidac Chimarra A.PS 
Philopotamidac Dolophilodes aequali.\· f 
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• ... 

ORDER I-'A:\11L \' Gt·:~t:s Sl,ECIES LOCATIO!\ 

** ... 

Philopotamidal' /Jolufl/1/ludt ·s ~111'/IIStl F.<i 
Philopotamtdac I )oloflllllutln ( i.l. 
Philnpotamidac II 'o /'Ill ,tf dIll F.PS 
Polvccntropidac I '1 11\ ·c 't'll tr1 'fill\ 

.. 
F 

H hvacoph i I idae /? fl I 'Ill 'Ofl/lllll IIC'/'Ilflt'dt's F.< i 
R hyacoph i I idae R h.'''ll'l'f'h i Ia hrulllll' a F.<iJ. 

complex 
Rhyacophilidal' R hyuc ., '/'" i Ia I 11'111111 ('II ( i.l. 

pupae ClllnJl!CX 

RhV<Icophihdae Rh,.,,< '(lflht/,, hr,i/mara F.<i 

Rhvacophilidae Rlmtt ·ophila 1'1 i/ IIIII II F.(i 

Rhyacophilidac Rh I'll< ·ophila F 

Rhvacophi hdac Rhracophiltl Tvpe A A 

Mcgaloptcra Corydalidae Sc'( ,/It ·rmcs'.' ( i.l. 
(Ncrvc-winus) 
Lepidoptera Nol.'tuidac < i.L.PS 
(Buttertlics 
and moths) 

Pymhdac <i.S 

Pyralidac /'11 I'll [II Jlli'X PS 
Pvralidal' I 'aniiX\ Ttlt'l is kt•arf, ltlll lis F.PS 
Pvralidac J>er roph ria PS 

Coleoptera Amphizoidac .·1/llflhi:IILI ( i 

(Beetles) 
Curculionidac I ,h, ·r1 1111 111111s < i.l .. S 

Curculiunidae D.F 

Curculionidae ( i 

adult 
Drvopidac 1/diclws s11 till' II lis • I· 

Drvopidac lldtcllll\ stricllliS* F 
Dryopidac 1/dic/w,· F.(i.i..P.PS.S 
(adults) 
()ryopidac s 
(adults) 

Dvllsctdae . l!,:ahu.' cordatus* F 

Dvtisc.:idal' .·lt:tlhus trisllts• 1-' 

Dvttscidac ..1 t:ahus A.C.D.L.P.S 

Dvtiscidae /)erulh •c ·f<''' striarc·llus• 1-' 

Dvt iscidae I Jere'"<'< ·res• L. 
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ORDER FA!\11t \' <;E~rs SPECIES LOCATIO:\ 

** 
Dytiscidac Drti.H·us* F 

Dvtiscidac Hrdmporus vi/is* F 

Dvtiscidac H rdm1u wus s 
Dvtiscidac Hrgrows s 
Dvtiscidac L.S 
Dytiscidac G.L.PS,S 
(adults) 
Dytiscidac Type A M,S 
(adults) 
Dytiscidac Type B ~1.S 

(adults) 

DytiscidaL' TypcC s 
(adults) 
Dytiscidac Hyclati< ·us G.L.PS.S 
(adults) 

Elmidac Cleptclmis F 
addenda* 

Elmidac Cvlloepus F 
Elmidac Duhiraphia* G 
Elmidac Hera/ i mni us cmJndentis F.G.L,PS.SG 
Elmidac (adults) Heterl imni us COIJJUientis G,L.PS.SG 
Elmidac ,1ficron 1/oepus* PS 
Elmidac Naqws * con color F 
Elmidac Nat11liS F.G.L 
Elmidac (adults) .VaqJlls G.L 
Elmidac Opt iosen ·us castanipennis F 

* 
Elmidac Opt iosen·us cli1•ergcns* F 
Elmidac ( )pt iosen ·us* D.F.L.PS.S 
Elmidac Rhi:clmi,· F 
Eimidac Lait:eria parl'llia D.F.L 
Elmidac Zait:et·ia G.L 
Elmidac (adults) lait=et·ia C.G.L.S 
Elmidac G.L.S 
Elmidac (adults) C.S.PS 
Gvrinidac (adults) Grrinus A.F.S.PS 
I Jaliplidac /Ia lip/us IC 
llaliplidac Peltod1·tcs G 
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ORDER F:\~III.Y <a:~rs SPECIES I.OC\TIO!': ~-. 

** 
llaliplida~ s 
(adults I 
I klmlidac p 

llclm\ida~ f>ru Jilt It TJIIII 111 ( i 

llvdrophJiida~ '1 111!'{111" ·"·a hn '·'us* I· 
Hvdrophilidac Alllt'(O/' A.{'.(i.L.S 

llydmpiHlidac .·1 /11('{111' (j 

(adults) 

It vdrophi I iliac lkroslls S(\'/i(('/'1111 ,. r 
llvdrophilidac ( 'renilis* 1-' 
Hvdrophilidac ( 'rm/Jiodrta dorsa lis* F 
Hydrophilidac l:"llllchrus :' ( j 

(adults) 

II ydroph i I tdac f/dfl/WrttS I. 
(adults 1 

ltydrophilidac I hd ro h"' _, I. 
\adults) 
ltydrophilidac //n/mdlll.\' ( i 

Hydrophihdac //n/n wl111s ( j 

(adults) 

H vdn 1ph i I idac (i.L.P 

llydrophilidac (j 

1 adults) 
Pscphcnidac J>.,pfit'IIUS? (·.PAX 

Pscphcmdac ( j 

Diptcra L31cphanccridac F 
(Flies) 

<. \·ratopogonidac /k::lll <i.L.S 
llh:kidacl 
c~ratopogontdac F.{i.P.S.PS 
(llclcidacl 
Chironomidac ..1 hlaht ·.,nil.,,, F 
Chirononudac Hrillw F.l..S 
( 'hirtmonlldac ( ·art!lutf,ltfllt, F.( i 
('lmontllllidac ( ·, j, holojl/1.\ F 

( 'hironomidac ( '/1/1'111111/11//.\ I· 
( 'hironotmda~.· ( 'on//u//t'/1/'tl PS 
( 'hirotHltmdac ( 'ri; olufllls .\.I·.< i.PS 

{ 'hironon11dac ( ./'lli(IICfll/'11111111/ll.\ F 
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ORDER FAI\11L \" <;El\t:s SPECIES LOCATIO!\ 

** 
Chironomid<Jc Eukit•/Jcn£'1/a A.F.G,L 
Chironomidac Aficropse£·tra A.t 

Chironomidac Microtendipes D.F 
Chironomidac Nanodadius F 
Chironornidac Pagastia L 

Chironomidac Polvpeclilum A.F 
Chironomidac Proclaclius t 
Chironomidac P.H·udoc·h i rom m:us A 

Chironornid<Jc Pseudosmillia (j 

Chironomidac Rheoran1·tarsus A.F.PS 

Ch iron om idac Thien em a 1111 im1·ia A.S 

Chironomidac Thienimanniella A 

Chinmomidac Lm·rclia F 
Chironomidac Type A C,G.H,L.P, 

PS.S.SG. 12X 

Chironomidac Type B G.L.P.S.PS 

Chironomidac TypcC G,H.L.P.S,I:.! 
:-{ 

Chironomidac TypeD G.L.P.PS.S 

Chironornidac Tvpe F G,L.PS 

Chironomidac Type F G.L.S 

Chironomidac TypeG A.C.G.H.L.P. 
PS.S 

Chironomidac Type <i G 
pupae 

Chironomidac Tvpe II L.S 

Chironomidac Tvpc I SG 

Chironomid<Jc C.G.I,L.S 
(pupai!) 

Chironomidae Type PA G.L 
pupae 
Chironomidal' Type PB s 
(pupae) 

Chironomidac Type PC s 
(pupae) 

Culicidae A£•dcs F 
Culicidae Clwohorus 1.4H 
Culicidae Culex F.H.128 
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ORDER FAMII ... Y GE!'iUS 

Culicidae ( 'uhseta 

Culicidae (pupa~) 

Culicidae 
Dixidac Dixa 
Dixidac Dixa 

Dixidac Dixa 

Empididac Chdili.•ra 
Empididac Oreog£'/on 
Empididac 
Empididae /-1 em erocl rom ia 
(pupae) 

Ephydridac Hrac ·h \ ·c leu It ·m 
F.phydridac 
(pupa~: I 

MIISI.'Id<SI: l.t/111/llj.'h"' 'tl 

Muscidae l.i1111111f1l/llrll 

Psychodidae ll4aruina 
Psychodidae I '<·rin mw 

Psychodidae 
(pupae) 
Ptychoptcridae BittanJ111011Jha 
Ptychoptcridac Pt\•dwptera 

Ptychopteridae 
Simuliidae Prosimilium 
Simuliidae Simulium 

Simuliidae 
Simuliidae 
(pupae) 

Simuliidac pupae Tvpc PA 

Stiatiomvidae Eulalia 
Stratiomyidae Odontmm·ia 

Stratiomyidac 

Syrphidac Tuhiji!ra 
Tabanidae Chn·sops 

Tabanidae Tahanus 

Tabanidae 
Tanvderidac PrcJtan\'d('rlls 
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SPECIES LOCATION 

** 
D,H,M,4X.12 
X 
H.M.<I.L.I28 

s 
ca/if(H"nica F 

F,G.L.PS 

Type A G,L,P.PS 
F,G,L 

C.F.G.L.P.S 
H 

G.S 

s 
s 

clc ''/!11/l'tl/1 ,. I 

1\.D.L.S.S<i 
ti.L.S 
F.< jJ_ 

s 

A.G.L.S 
G 
F 

A.F,G,L.S 
F.L 
D,F,G,L.S.SG 
G,L,S 

G 

F 
G.PS.S 
A.F.<i 

hastardii F 

H.M 
l:::!X.PW.S 
F.G.L,S 
F 

"' • .J -I ,;, ... 
'. --~ 
J 
0 



ORDER 14Al\11LY GENUS SPECIES LOCATION 

** 
Tipulidac Al11ocha monticola F,G 
Tipulidae Antocha G,L 
Tipulidae Dicranota F,G.l,PS.S. 

SG 
Tipulidae Hexatoma F 

Tipulidac H(;/orusia grand is F 
Tipulidac Limonia F 
Tipulidae Pedicia F 
Tipulidac Tipu/a D.F.G,l,PS,S 
Tipulidac Tipula Type B G,L.S 
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Non-Insects: 

PHYLUM or CLASS. t:TC 
SUBPHYLUM 

Annelida Naididac 
(Segmented wonnsl 

Oligochacta. Lumbricu\idac 
Hiseniella tctral'dru 

Oligochactu. Lumbricuhdac 

0\igochacta B. 
Lumbricul idac 
Hirudinea 

Arthropoda. Arachnoidea family Hydracarina 
(Spiders, ticks, and mites) 

Aschelminthcs N ematomorpha 
(Round worms and 

hairwonns) 
Nematomorpha. 
Gordioidea.Gordi idac, 
Gordius 

Crustacea (Crustaceans) Amphipoda. Hmtella a:teca 

Cladoccra 
Copepoda 
Ostracoda. Candoniidac 
Ostracoda. Cyprididae 
Amphipoda, Palaemonidac 

Mollusca (Mollusks) Planorbidac. (1\-raluspar\'lls 

L vmnaeidac, L mrnaea 

Physidac. Pln:~ella 
Phvsidac. Ph1·sa 

Gastropoda 
Gastropoda Type A 
Sphacriidae, Pisidium 
caserianum 

Pclecypoda. J>isiclium 
c ·omj: l'!'ssa 

Sphaeriidac 
Nematoda 

(Round wom1s) 

Platyhelminthes Turbcllana 
(Fiatwonns) 

Page 52 

COMMON l'iAI\1 t: 

Coil worms 

Aquatic earthworms 

Aquutic carthwonns 

Aquatic earthworms 

Leeches 
Water mites 

Horsehair wonn 

Horsehair wom1 

Scuds 
Water fleas 
Cope pods 
Seed shrimp 
Seed shrimp 
Scuds 
Snails 
Snails 
Snails 
Snails 
Snails 
Snails 
Clams 

Clams 

Clams 
Fn:c-living 

round 
wonn 

Planaria 

LOCATION 

** 
F,G.L.S 

F 

A,F,G.L,PS. 
S.SG 
(.j 

A.F 
C.F.G.L.PS.S 

C,F,G.L.P.S. 

F,G, 

A.C.PS 
0 
s 
s 
C.S.SG 
A,C 
G.lC'.S 
A.G,L,P,S 

A 
F.S 

SG 
G.L 
F.G,L 

H 

F 
F,G,S. 

A.C.F.G.PS, 
S.SG 

' ·~ ' ... , 
l 

: -' 

-
·"' 

'i 

s 
'i 



"'*Locations: 

A = Ancho Canyon 

C = Chaquchui Canyon 

D = DP Canyon 

F = Rio Frijoles and hijolcs Canyon 

G == Guajc Canyon 

H =High Explosives wastewater stream 

I = Icc House pond, off West Jemez Road 

L "'~Los Alamos Canyon 

0 = Otowi fircstation pond 

M = Monandad 

PW = Pajarito Wetlands 

PS = Pajarito Springs 

S = Sandia Canyon 

SG = Starmer's Gulch 

4g = T A-4H pond 

12H = outfall 12H 
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APPE~I>IX C 

Tnlcrann· Quotil·nts of A4uatic lnsl'Cts Culkctcd in Sandia Canyon. ~- " 

'\ I I 99 '\ I h ( ) h t 994 on·m 1cr llrOU~ ctu l'r 
Order Famil~ Genus ( 'illccics) Tult-rancl' 

lllloticnt 
Ephcml'rOI>Iera Ba~t1da~ Uat'11.1 

..,., ·-
Bat:tu.la~ ( ',tf/t/J(J('{/S ~ .. -
l"nnlrvth1da~ Fr11 ·1 IITtlu u/, .,., lOX 

Odomlta Al·shmda~ .11'.1111111 i'2 
Al'slm1dac .-/1111 \" 

,, 
-

Acshmdal' .. ., ,_ 
C ocnaNiomdac ..Jr.~:ia lOS 
(.'ocnavnonidac /:·11, If Ia!! IIIII 7'2 
<. \ll'naurionida~ J,·chnura 

...,, ,_ 

<. \ll·navri,lllidac ltlX 
( 'nrdul~l!astndal' ( 'un/ul<'l.!tl.'lt'l" "T"I ...... 
l.cstidac . 11'1 hilt'\{('.\" lOX 

Hemiptera. Curi:-..1da~ lOS 
(il'ITidac (;,.,Tis .,., . ·-
(il·rridac r,.,.,,t,hat,·s -:--. 

'-
\1otonc~t1da~ \'tl{ll/11'1 .,,, lOX 
\'eli ida~ Rhal!m·dia 7'2 

Tricho1>tera llnlropswhidal.' II rd I'IIJIITch<' to:-; 
II vdrnpt i I idac 1/n/mf'llla lOX 
I. imncphi I idal' //, '.lf)('l't '''" 1 ·/,1 r lOX 

Coleoptera Dvt i sci dac llnlrnf'"~'"·' 7~ 

DYII sc 1dal' I hgroru~ 
.,..., 
! -

I h't i sc 1dac 7~ 

llvdmpiHhdac . lm<'lor ~~ 

Dh>tcra <. '.:r:ltopn!..!OllHial· lOX 
<.. 'h irononllllac lOX 
( 'ulkidac lOX 
En}P1dida~ /{, ·m,•rndrnm ia lOX 
FmpidHia~ lOX 
J·.nhvdndac lUX 

--

\1u:-;l'ldat: !.t/111/1 ,, lilt,.,/ lOX 
PsvdHllhdac .\ 1<11"11//l(/ '" Simuhdac lOX 

Tahantdac J ,,,,/11111 lOX 
·rahanidac IllS 

Tipulidal' I Jt,.,.a,wr,, 
~··· T!puhdal' J'IJIItf<l ·'h 



Tolerance Quotil•nts of Aquatic 1\on-lnsl•cts Collected in Sandia Canyon 
(1\on~mhcr 1993- October 1994) 

Phylum Class Order or Family Tolerance 
Sub-Class Quotient 

Annelida Oligochacta Lumhriculidac IOH 
Arthropoda Crustacea Copepoda IOH 

Crustacea Ostracoda Candoniidae lOX 
c·rustacca ():.;tracoda ( ·yprididae lOX 

.Mollusca (iastropoda Basommat<1phora Lyrnnacidac. lOX 
l. rmnaca 

Gastropoda Bast1mmatophora Physidac. lOX 
Pl11·sa 

Platvhelminthcs Turhcllaria 108 
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APPENDIX D 

Mode of Existence of Aquatic Insects Collected Sandia Canyon. 
~ovember 1993 through October 1994 

(adapted from An lntroduc:tion to rhe Aquatic lnsecrs. Merritt and Cummins. l9X4) 

Order 1-"amily Genus Mode of 
Existence 

Ephemeroptcra Bactidac Bm•tis sw. cb, cg 
(mayflies) 

Bactidae Cal/ihcwtis sw.cb 
Tricorythidac Tricon·t lwd(.•s sp, cg 

Odonata (dragonflies Aeshnidac Aeshna cb 
and damselflies) 

Acshnidac An ax cb 
Aeshnidae Boveria cb-sp 

Cocnagriidae Ar}fia cg. cb-sp 
Cocnagrionidae t:nal/agma cb 
Coenagrionidae /sltnura cb 
C oenagrionidae lonagrion cb 
Cordulegastridae Cordu/egas/('1' bu 
Lestidae Archi/estes cb 

Hemiptera (true bugs) Corixidac SW 

Gcrridac adult Gerris sk 
Gcrridae Trepoha t£•s sk 
Notoncctidac Notolll!cta sw.cb 
Vcliidac Rlwgowlia sk 

Trichoptcra Hydropsychidac Hydmps_l·ch~· cg 
(caddisflics) 

Hydroptilidae Hvdroptila cg 
Lepidostomatidae Lepidostoma cb-sp-cg 
Limncohilidac . Hesperoph_\ ·lax sp 

--

Coleoptera (beetlesl Dryopidae llelichus adult cg.cb 
Dytiscidac 11\•daticus cb, dv. sw 
Dytiscidae lf\'droporus cb,sw 
Dytiscidae Hvgrotus cb.sw 
Dytiscidae ch.sw 
Dytiscidae adult ch, sw 

Dytiscidae adult A cb.sw 
Dvtiscid~te adult B cb.sw 
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Order 

Diptera (flies) 

fo'amily 

Dytiscidae adult 
Hydrophilidac 
Ceratopogonidae 

Chironomidae 
Chironomidae 
Chironomidae 
Chironomidae 
Culicidae 

Empididae 

E_phydridae 

Muscidae 

. Psychodidae . 
Simulidae 

Tabanidae 
Tabanidae 
Tipulidae 
Tipulidae 

Abbreviations usedin table: 
bu = burrower 
cb =climber 
cg =clinger 
dv =diver 
sk =skater 
sp = sprawlcr 
sw =swimmer 
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Genus Mode of 
Existence 

c cb,sw 

A me tor cg 

Bezzia bu 

A 

B 
c 
G 

SW 

Hemerodromia bu.~ 
Brach\'deutera bu,sp 

Limnophora bu 

Mantina bu 
cg 

Tabanus bu,sp 
bu,sp 

Tip_ulaB bu 
Tipu/a bu 



APPENDIX E 

Functional Feeding Groups of Aquatic Insects Collected Sandia Canyon' 
November 1993 through October 1994 

(adapted fmm An /ntmduction to the Atflllltic /nseL"Is. Merritt and Cummins. I 9X4) 

Order •·amily Genus Functional 
Feeding Group 

Ephcmcroptcra Bactidac llal'lis cg.sc 
(mayflies) 

Bactidac ( 'al/ihaetis cg 
Tricorythidac Ti·i< ·on ·tlwdes cg 

Odonata (dragonflies Acshnidae An ax pr 
and damselflies) 

Acshinidac Boreria pr 
Acshinidac 

Cocbagruibudac Argia pr 

Coenagrionidac J::nlwl/agma pr 
Cocnagrionidac Is lmu ra pr 
Cocnagrionidac 7.t 111agrion pr 
Coenagrionidac pr 
Cordulcgastridac ( 'tmlul<'gaster pr 
l.cstidac A rchilesr,•s pr 

Hemiptera (true bugs) Corixidac hc.pr.sc 
Gerridac (ierris pr 
Gcrridac Trepohates pr 

Notonc~:tidac Notonccta pr 

Vcliidac R lwgow li a pr 

Trichoptcra H ydropsychidac If\ ·drops_\ '('/w cf 
(caddisflics) 

Hvdroptilidac Hrdruptila hc.sc.cg 
Limnenhilidac Hesperoph_,·lax sh 

Coleo_Q_tera (beetles) Dvtiscidae 1/rdaticus pr 

Dvtiscidac II\ ·elm porus pr 

Dytiscidac f/\'grtltiiS pr 

Dvtiscidac adult pr 

Diptcra (flies) Ccratopogonidac Be:::ia pr 

Chironomidac cg or_£r 
Culicidae Cl.!.cf 

Empididac llem,·nulrtlln ia pr.cg 
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Order Family 

Ephydridac 

Muscidae 
Psychodidae 

Simulidac 
Tabanidae 
Tabanidae 

Tipulidac 
Tipulidae 

Abbrc,·iations used in table: 
cf = collector tilterers 
cg = collector gatherers 
he = herbivores 
pr = predators 
sc = scrapers 
sh = shn:ddcrs 
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Genus Functional 
Feeding Group 

Bracln·deutera cg 

Limnoplwra pr 
,\Jaruina sc,cg 

cf 
Tahanm pr 

pr 

Dicranota pr 

TiPJtlaB sh 
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