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AQUATIC MACROINVERTEBRATES AND WATER QUALLTY
OF SANDIA CANYON, LOS ALAMOS NATIONAL LABORATORY, 1995
by

Saul Cross
and Jleidi Nottelman

ABSTRACT

The Biology Team of ESH-20 (the Ecology Group) st Los Alunos National
Laboratory (LANLY) has collected samples from the stream within Sandia Canyon since the
summer of 1990. These field studies measure water quality parameters and collect agquatic
macroinvertebrates from sampling sites within the upper canyon stieam. Reports by
Bennett (1994) and Cross (1994, 1995a) discuss previous aquatic studies i Sandia
Canyon. This report updates and expands the previous findings

The Biology ‘Team collected water quality data and aquatic mactomvertebiates
monthly at thice sampling stations within Sandia Canyon in 1995, The two upstream
stations occur near a cattail (Hypha latifolia) dominated marsh downstrcam fiom outfalls
that discharge industrial and sanitary waste eflluent into the stream, therchy maintaining
year-round flow. The third station is approximately 1.5 miles downsticam from the
outfalls within a mixed conifer forest.

Al water chemistry parameters measured in Sandia Canyon dusing 19935 fell wuithin
acceptable State limits and scored in the “good™ or “excellent™ ranges when compared to
an Environmental Quality Index. However, aquatic macroinvertebrates habitals have been
degraded by widespread erosion, channelization, loss of wetlands due to deposition and
stream lowering, scour, hinited acceptable substiates, LANL veleases and spills, and other
stressors. Macroinvertebrate communities at i the stations had low diversitics, low
densities, and erratic numbers of individuals. These results indicate that although the
stream possesses acceptable water chemistiy, it has reduced biotic potential. The best
developed aquatic community occurs at the sampling station with the best habitat and
whose downstream focation paitatly mitigates the ellects ol upatrcany impatiments.

FINTRODUCTION
1.1 Previous Aquatic Biological Sampling within Sandia Canyon
In the summer of 1940, an acadental il rom the coviommental tach at the TA-3

powet plant released at Teast 30285 Taers (1 G edlionn) of concentiated sulfine acad into

upper Sandin Canyon The Baolosey feann wae o Led to review the ipacts ot ths sl and
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began regular monitoring of the Sandia wethand at this time (Bennett 1994). The Team
mitiated a study o assemble bascline infonmation on the aquatic environment in Sandia
Canyon and to determine if the coviromment was affected by industiial and sanitary waste
discharges. Simultancously with monitoring chemical and physical conditions of the strcam
monthly, the Team collected aquatic invertebrates These samples were used to evaluate
the efleets of LANL dischaiges on aquatic biological communitics in upper Sandia
Canyon.
1.2 Physical and Chiemical Pavameters

Ina report for the Bureau of Reclamation (Battelle 1972), Battelle Columbus
Laboratories outlined a comprehensive and interdisciplinuy Environmental Evaluation
System (ELS). This EES uses physical, chemical, and biologiical patameters o assess
possible envitonmental impacts of water resource projects This teport tefers to many of
the environmental quality 1atings developed by Battelle “The llinluy,;y Team measured
water temperature, dissolved oxygen, pH, and conductivity at cach sampling station
monthly.

Water temperature divectly influences agaatie orgamsms® physiological functions
such as metabolism, growth, emergence, and reproduction (Wallace and Anderson 1996).
Temperature is inversely seksted to oxygen solubility becanse water absotbs greater
amounis of oxygen at fower temperatires: While aguatic organisans can tolerate wide
Huctuations in pH and conductivity, a chanee m water tempetature of asinple degiee

Celstus can be siemticant (Eehmbahl 1o79)
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Depressed oxyeen environments otlen indicate the presence of miginic wastes ‘The
amount of dissolved oxysen (DOY in water has direct and immediate eflect on
invertebrates using tracheal gills tor respraton (as the Livae ot dragontlies, mayllies,
caddisflics, and stonetlies) Osygen is present in air at fevels gieater than 200,060 ppm,
but its maximum value at sateration in water is only 1S ppm (Enksen et al. 1990).
Although aquatic insccts require more oxygen for metabalism at clevated temperatuies,
l=ss is available due to decreased solubitity (Gantin et al. 1974). Certain stages in the lite
cycle of aquatic invertebrates, such as cmugcﬁcv, will not occur unless suthicient oxypen
is present (Bell 1971). Cold-water maytlies and stoncflies cannot tolerate DO
concentiations much below 5 mgyt (Nebeker 1972),

Acid waters are characterized by low species diversity and low productivity
Acidity and basicity of water are measured by the pt scale, with Tow values (0 6)
indicating acidity, midkdie values (mound 7 0) indicating, m'uunh‘ly, and high values (3 -
F1) indicating basicity Some aquatic organisms, as maylhics, are exticmely sensitive to
low pl, which can be caused by accidental avid spalts or acid tain deposition The normal
pH of natural surfiace waters tanges om0 5 to 90 (Canter and IhU 1979)

Conductivity measures the abihity of water to cany an electiical current, and it
reflects the concentrations of iomzed substance i water The conducinaty ol potable
water in the United States ranges fiom 50 1o 1,500 micio-mbios por centimeter
(ymhosfem), and the conducteaty of wdustial veaste may e as bigh as 10,000 pmbos/cm

Avough approsmmation of the total divaodves <ehds (TDS) ol freshnvater ne ol s
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obtained by nuiiiplying the conductivity by 0 66 ‘The upper bt of TDS that aquatic
organisms can tolerate ranges from 5,600 1o 10,000 myyl (Battelle 1972)
1.3 Aquatic Macrvoinvertebrates
Aquatic macroinvertebrates are extensively utilized as water quality indicators. A

macroinvertebrate is an invertebrate that is visible to the unaided eye. This ieport uses the
terms macroinvertebiate, aquatic mactoinvertebrate, invertebrate, and aguatic invertebrate
interchangeably. These organisms, especially the sticam-dwellimg inseets, ae well swited
as water quality indicators duc to their

o small size and total immersion in the aquatic environment;

o iclatively sedentary nature,

e abundance in virtually all streams;

o range of sensitivities to stress and contaminants,

e lifc cycles, which are frequently of at least one-year dutation, allowing,

long-term detection of past disturbance; and
e relative ease of collection and identification to fimily or genus level
In gencral, monitoring only the physical and chiemical characteristics of waters

provides little information of conditions prior to the sampling date Fn contiast, changes in
macroinvertebrate conumunities indicate water quality over a much longer period
(Rosenberg et al. 1986) The tailure of chemical citeria to protect aquatic hife has
necessitated incorparation of biolagical criteria into water resource manasement planpin,
(Karr 1991) Shills in the numbers of mdividuals and commuanity species composition
indicate prior disturbances. These disturhances couldbresult from infrequent dizcharges of

waste that might remain undetected threneh awater quality monitoring program that did

not incorporate hological dita (Weber 173)
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Biological assessments facilitte the comprehension of ceosystent processes and
health, allowing management to make informed decisions and to take appropuiate actions
(FTENIWQ 1994). According to the Intergovernmental Fask Foree on Monitonng Water

Quality (1992), objectives ot an aquatic biological monitosing, prognam should include

defining status and teends,

o identitying oxisting and emeiging problems,

o providing information to support development and implementation of

policics and programs tor water-resource nunagenient,

e cvaluation of program eflectiveness, and

¢ [CSPONSE D CIMLIVENCICS.
2 ENVIRONMENTAL SETTING
2.1 General Setting

Upper Sandia Canyon occns within the boundaries of T.os Alamos National

Laboratory (LANL). The M l-km' (43 ai®) Laboratony site is located in north central
New Mexico on the Pagarito Platean, approxumately 120 Kdoneters (SO nudes) north of
Albuquerque and 40 Km (25 i) west of Santa Ve (Fig. 1) b the LANL region, the
castern edge of the Pajarito Plateau descends to the Rio Grande in White Rack Canyon
‘The Rio Grande flows in a southwesterly dinection slong the canternmost boundary of
LANL. Most LANL industind developments are contined to the mesa tops, wlich ange in
clevation from a masimum of 2,400 m (7,800 1) alows the western boundary to abowt
1,900 m (6,200 R) at their castern termimas above the Rio Grande The canyoens within
LANL boundanes can be as deep as 300 m (1Lot) 1) below the mesatop T AN 1
civided tto Techmical Aveas (TASY that e eaed o adiinistianon and suppert fandtion
butldmes, expermentad and reveandmes waste disposal areies, toads, and utdiy

corpdors However, thewe neesscccant o onby acanadl pat of EARE S o Lind e,
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and the remainder is lcscrv‘cd as butter zones and potential sites tor futwre development
(EPG 19906)

Most of the mesas w the Los Alunos area e toomed trom Bandelier Tatt] which
imnchides ash L, ash fall pumice, and thyolite tufll The tufl] tanging from nonwelded 1o
welded, is more than 300 m (1,000 f1) thick in the western pait of the Plateau and thins to
about $0 m (260 0) eastward above the Rio Giande Tt was deposited as a result of major
cruptions in the Jemez Mountaing about 12 to 16 million years ago "He it overlaps
onto the Tschicoma Formation, which consists of older volcanes that form the Jemes
Mounntaing In the centeal and eastern edee along the Rio Grande, the toftis underbam by
the conglomerate of the Puye Formuation Climo Mewa basalts intermin with the
conglomerate along the river. T hese tormations overlay the sedunents of the Santa be
Group, which extend across the Rio Grande Valley and are more than 1,000 m (3,300 1)
thick (PG 1996).

LANCG has a semiarid, temperte mountam climate The average lngh temperature
in July ftom 1961 theough 1990 was 27°C (S17F), and the average igh temperatuie m
January was 4°C (10°F), The average low temperature i Jaly fiom 1961 through 1990
wats 13°C (S5°F), and the average low temperatine in Jantary was -8°C (1778 Daly
tempetature Huctuations average 137C(25°1), aresult of LANL's Tigh elevation and a
dry. ¢clear atmosphere, which atows inghinsolaton during the day and rapid wadiais e
losses at neht (BPGT990)

The averase anmal preagtatien 48 i (8R07 iy, and the 1 five yearn of the

19905 are considered to be nermt pastall vesrs Approsmately 3o pervent of the e
1 ¥ ]
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precipitation normally occurs dunng July and Augost. Runoft from Late stmme
thendershowers lows through the vicious canyons, supplemientingg ground water in the
shallow alluvitom. Winter precipitation talls primanly as snow with saccumulations of ab. wi
150 cm (59 in) (I1PG 1990) The monthly totals of precipitation from neared
meteorological station in TA-6 are shown in Fiy 2

2.2 Description of Sandia Canyon

"The head of Sandia Canyon is near the University House in TA-3, and the canyon

extends approximately 18§ km (115 moles) southeastward to the Rio Grande. The

drainage basin is approximately 13.5 squane kilometers (5 6 square miles), The initial 7 §
km (4.7 miles) of the canyon occurs on LANL property. Industiial eftluents from LANL
activities maintain a year-round sticam flow in upper Sandia Canyon. The lower canyon
has scasonal flows, and stream water reaches the Rio Grande an estimated 6 - 20 days a
year due to storm events and snowmelt
The National Wethinds Inventory conducted by the U'S Fish and Waldhte Service

identiticd thice types of wetlands or water S)J‘"“m within Sandia Canyon (Cowaidin
1979). ‘The upper streteh s a Vpersistent anaticially Hooded, palustiine wetland ™ East of
LANL property, the wetland area changes to g “temporanly Hooded palustiine wetland”
type. The stream’s fowest stretehvis an “mternmttent, tempoanly Hooded, tivenme steam

| TR )
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e Mational Wetlind fventory map of Sandia Canyounis shown
inFie 3
Hiology Teanm momterme was conducted i the apper canyon e, near an open

cattanl (7vpdien Jeeefoliory o I and e parow treant reach wath an overstaery ef inced

cortler These areas ovan dosadient from TA 3 and lunve secened ethieent discharecs
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Fig. 2. 1995 monthly precipitation totais for the upper Sandia Canyonaresa.




from LANIL operations since the caly 1950%s A perennial stream flow is currently
maintained primarily by discharges from cooling towers below the TA-3 power plant,
recirculated water Tiom the Sanitiny Waste Systems Consolidation (SWSC) plant, and
storm water diversions fiom TA-3 roads, buildings, and parking lots A Luge culvent
underneath a demolition landilf empties water fiom the TA-3 power plant, diverted storm
water, and several low-volume LANL outlalls into the head of the canyon. The SWCS
Outfall 138 discharges excess reuse water on a southern hillside, approximately 40 m (125
1) from the culvert. Waters from both points of discharge commingle in the channel that
has cut through soft seduments near the center of the canyon
2.3 Description of the Study Sites

In 1990, the Biology ‘Feam began to momtor sampling stations within ;ﬂ;mdi:l
Canyon’s artificially flooded, palustiine wetland. The tocations of these stations have been
changed during the years to allow data collection at dilterent wetlnd sites I 1995, the
fowcest station was moved npplmjiul;ucly 2 km (1S mi) downsticun to provide data on
conditions within the montane stream that drains the upper cattal marsh

Each sampling station consists of an approximately 10-m (33-) stream reach, and
specific sampling sites are altesnated within the reach to allow nacromvertebrate
populations sublicicnt re-establi-hnient e ater cample collecion All samphng statiens
are designated by the fetters S followed Ly aonumber indicating their telative positions,

along the stream, with lower numbers ocesrone Bther upaticam (b 1) I bosis, the

Bioloey Team momdored thiee - waphne wbten woabhon Saadia Canvon by b e ol
. | . v .

meastrenents ol vater iy pareerectceand collecion ol squate mverted e
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SClis located on the south side of the stream across from the Los Alamos County
landfill. It is at an appraximate elevation is 2520 m (7200 1) above sea level amd toughly
16 m (50 1) downstream fiom the main cllluent culvert. This site receives discharges tiom
the SWSC outfall on the southern hallside above it and Tiom upsticam outtalls and stonm
water diversions througlh the culvert ‘The vepetation along the southem streambank is a
thick monotypic stand of tall (1 8 m or 6 ft) cattails (Iypha Iulg/b/iu). The northen
streambank vegetation consists primarily ot redtap (Agrostis alba) with smaller amounts
of sow’s ear (Sonchus asper), and various other forbs Several ponderosa pine (Pivus
pormderosa), Gambel's oak (Onerens gambeln), Douglas-fir (Dsendetsupa menziesn)
trees, and Russian olive (Eleagnus anyginnfolia) ees ocens upsticam, but SC3 has no e
overstory, although surrounding cattauls provide some shade

Debris, including asphalt and concrete iom the demaotition Lad il amd wind-barne
trash from the County sanitary landtill, occws in the strcam channel at SC1. 1 he
surrounding hillsides ate unvegetated 1aw areas capable of massive crosion duting storm
events. Sedimentition fences have been crected to prevent additional debiis fiom entering,
the channel, but numerous gaps occur in the fencing, especially i the sections bounding,
the County sanitary kndfitf “The stieam bed is heavily sedimented with silts and sands, but
suitable habitat for aquatic invertebiates exists as Tmge vrasels, cobibles, and stacked
tocks. Water is usually about 015 m (0 5 1) deep, althoush the channel is approsimately
L6 m (5 1) deep. Frequent Booding occurs at SCH prinaily due to sudden stonm wale

discharges during thunderatorns, which erodes the noncens olidaicd soladrate and

redeposits it downsticiom

.
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At an approximate clevation ol 2520 m (7200 0) above sea level, SC2 15 about 100
m (330 1) downstream from SCH. The streamside vegetation consists prinnanly of cattails,
redtop, and thistle, with smaller amounts of gumweed (Grawdedia aphanaciis), sweet
clover (Meliloms sp.), sage, Canada wildrye, and dandelion (7aravacum q[/icinuﬁ').
Ponderosa pine and Gambel’s onk grow along the canyon walls, but no overstory occurs
at this sampling station. SC2 is beside a setics of shifling sand bais, and the chanael banks
arc less than 0-.3 m (1 1) igh. Immediately upsticam from SC2, a lage stand of cattails
extends across most of the level canyon bottom and the stieam becomes less channchized.
Aquatic invertebrate habitat is maginal due to stream bank instability, high 1ates of
erosion, and the loose substrates.

Previously, the farthest downsticam iﬁampling station occuncJ near the end of the
cattail area. In 1995, the Biologty Team wanted to collect information on the biological
health of the stream heyond the upper marsh. For that reason, SC3 was established
approximately 2.0 km (1 S i) downstream fiom the head of Sandia Canyon This
sampling station occrrs ina deep (12 m or 40 1) and narrow (15 m o1 S0 ) section of the
canyon thickly shaded by white fu (cthrey concolon), Gambel's oak, Doug-tn
(Pxeucdotsuga wenziesii), and chokecherry (Prunus viegmrana) “The approxinute
clevation at SC3 is 2150 m (7050 ) Along the stream channel, the understory vegetation
consists fargely of redtop (Ayrostis alba) with smaller anounts of wild taspbetey (Kb
strigosns), James geranivm (Geranum caesptosant), Wood' s 1ose (Rosa woodsir),
Mexican dropseed (Alnhlenber i mevicana), ivenworts, and mosses: Streamsude cover is

much greater i this areac than cesn the appeer sampling siges,and tis canses cooler and
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more consistent water temperatures Fhe water s usually about .15 m (0.5 #t) deep, and *~ n
the stream channel is approximately 1.5 m (5 1) wade and 0.5 m (1.5 1t) deep. SC3 ;
provides the best aquatic invertebrate habitat of all the Sandia sampling stations due to o
shading, more ficquent 1iffle areas, and less sand and stht (although much is present due to :
upstream crosion and subsequent deposition) covering a rocky substiate.
3 DISTURBANCES WITHIN SANDIA CANYON
In addition to the impacts of routine e¢Muent dischasges, the hydiology of Sandia
Canyon has been aftected by the nearby rubble landfil) and Los Alamos County sanitany
landfill, accidental chemical spills, and cumulative habitat degy adation,
3.1 Rubble Laudfill
The rubble landfill was started in 1986 as an alternate disposal site for clean ubble.
Presently, the landfill bridges the upper canyon's western margin aod towers above the
cattail dommated wetland. Tn previous yeurs, large amounts of Gill, sediments, and pieces ™

of tbble, including asphalt, eroded into the wetland duing hieavy stonm events and snow
melt. Tn February 1995, a dutroad was cut fron the fand il sunumit to the culvert at the
head of the canyon Large quantities of fine sediments quickly eroded into the wethind
along this roadway. A pootly designed sedmentation fence blew out diwmg, g stonm event
in July and fine materials continued to wash into the sticanm. Subsequently, two remedial
actions were undertaken to minimize the mmpact of the rabble landGlt on the wetlnd aea
aretention pond was excivated at the base of the Land il and the seduentabion fenee s
reinforced to prevent furthes eroton ato the wetland duningg storms and runoll Both

ciforts were suceessful i contampe nptcoal, thad would othenwse Bl andfor erade into
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the stream channel and be carried into the wetland. However, large picces of concrete and
asphalt that had previously fallen into the stream channel still occur. The intraduction of
asphalt (an oil-based product) into a wetlwd aea viohtes U S, Frvironmental Protection
Agency regulations.
3.2 County Landfill
‘The county landfill oceurs immediately to the north ofupper Sandia Canyon and
extends 1.2 km (0.75 mi) along the top of Los Alamos Mesa, The landtill reccives Los
Alamos County business and residential refuse as well as sanitary refuse fiom LANL. Bl
material erodes ofT the landfill, down the steep northern canyon wall, and inta the wetland
arca. ‘The introduction of this material has raised a portion ol the upper notthern wetland
far enough above the water table to climinate its wetland vegetation. n addition, paper
trash and other debris fall or blow mto the canyon
During 1995, a series of sedimentation fences to contain croding sediments from
the sanitary landfilt was erected, reinstalled, or repaired In September and Qctober of
1995, several ill-considered roadways were cut along the notthern slope above the upper
cattind area The sedimentation tenees, patticularly the sections by the head of the canyon,
were not anchored properly and did little to prevent continued crosion. The road cuts

increased crosion by baring the suil and providing comidors tor runofl and previpitation.

........... n

‘The September cuts also exposed previonsly buned trash celis, increasing ihe ainaint o
loose litter that entered the wetlind As of the witting, ot this report (September 1990),

these problems have not heea resolved
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A wetland expert hired to assess the current condition of LANL wetlands wrote,
*.. the operations ot the T os Alunos County (LAC) Sanitary Landtill paraltchng the noith
side of the Sandia Creek have created massive, steep high walls of relatively unstabile,
unvegetated, erodible, granular nuterial Considering the presence of tuge, recently
deposited sediment fans within the Sandia Creek floadplain, it is apparent that these stopes
are a ready source of tage volume sediment inputs (o the creck system. Apparent existing
efforts to check erosive deposition by hay bales, sediment fences, and the spraying of
polymer stabilizers on the barten slnhcs have not been sutliciently ('lﬁ't‘li\‘ﬁ to prevent
major sediment flows onto the Noodplain™ (Newling 1995)
3.3 Accidental Spills and Over-Chlorvination

During the summer of 1990, 3,785-5,300 liters (1,000-1,400 gallons) of sulfuiic
acid spilled from the TA-3 power plant environmental tank into the cattail-dominated
wetland in upper Sandia Canyon. At this time, the Biology Team established sampling
stations to assess the spill’s impact on biota and biological function The Biology Team
surveyed the steeam chunnel immediately atter the spall for aguatic macromvertebrates, al
no specimens were found at any swmple location. However, aquatic macromvertebrate
communitics began to reestablish within one month Recovery was tist obrerved it the
samphing station farthest downsticam

Duing midsumamer 1992 another spill dischagoed didorme from the sewage
treatment plant into Sandin Canyor Sulmeguent mvestivation reveaed asignilicas
dechne m the number of stream mactomverteboates By the cod of samnner, the subers

ol mactomvertebtates hid ey cetined (oo nord
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Heavy metals and polychlorinated biphenyls (PCBs) are believed to vccur within
the deeper sediments of Sandia Cimyon. LANL's Envitonmental Restotation progrim has
conducted preliminary tests to determine the aature and extent of this contanunation. A
lormer storage site for electiical equipment located upslope fiom the main diainage
leading to Sandia Canyon had one “hot spot” of PCBs measuring 30,000 pasts per million
(ppm). The current Environmental Protection Agency acceptable hmit for PCBs in the
environment is | ppm.

In 1995, members of the New Mexico Environmental Depatment noted over-
chlorination of discharges from the sanitary Qutlall 138 that Teeds into Sandia Canyon.
This water is pumped from the SWCS station in Canada del Buey for rcuse at various
LANL. sites. It was chlorinated 1o protect workers fiom potential contamination that could
result from accidental exposure to treatment facility discharges. In April 1995, a sodium
thiosultate pump was installed to dechlorinate the water prior to its discharge into Sandia
Canyon. The Biology Team bepan monitoring chloine tevels monthly at Outfall 138 in
April 1995 1o document compliance with the State bt of | ppm free chlorine
3.4 Overall Habitat Degradation

According to aiccent Departmient of Energy compliance investication ot LANILL
wetlands (Kubie 1993), "Fhie wetland at the head o Sandia Canyon has been, and
continues to be, adversely impacted by chenncal releises and other LANL activitics
associted with TA-3. Efforts should be made to prevent further disturbance of this

wetland
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A properly functioning wetland provides increased water retention, storm and
flood abatement, groundwater recharge, sediment trapping, pollutant filtering, and wildlite
habitat (Elill 1994). However, the wetland in Sandia Canyon is not functioning proputly,
primarily due to anthropogemi stresses. These stressors include:

e high sedimentation loads from the Las Alamos County landfill and the LANL.
rubble dump; '

o urbanization and paving of the watershed producing flooding, channclization

and scour, and lowering the wetland water table,

headeutting within the wetland resulting in mass erosion,

excessive levels of chlorination in discharges to the upper canyon,

thermal pollution from cooling tower discharges;

asphalt and trash in the stream, '

previous sewer line work, which failed to restore the area to its natural

contours and failed to revegetate distuibed arcas properly; and

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

e 6 & o o

4 METHODOLOGY
4.1 Water Quality Pavameters
The Biology Team began to maonitor chlorine dischaiges into Sandia Canyon in

April 1995. These tests were conducted at the Quitall Q1S point of discharge, un the
south rim of the head of Sandia Canyon. A Lalotte digital colorimeter model 1100
measured the amount of free chlotine in ppm The Biology Team corducted monthly
chlorine sampling at the same time as other physical-chemical paramcters were measured
d aquatic invertebrates were collected.

‘The Biology Team mieasuted the water temperatune, pit, dissolved oxyen, and
conductivity of the stream in Sandia Canyon monthly atthice sanipling stations All
meastrements were Lihen with instiinents i aecordanee with all the nanutachiner’s

specifications FFach mstitsicnt voas Calibrated on the s day that st was wsed mthe




ficld. All measurements were taken three times, and the average value was used in
computations.

All pII measurements were taken with an Orion SA 250 pH meter or an Orion
model 230 ptl meter. Temperature measurcments were taken with a Yellow Springs
Instrument model §7 dissolch oxygen (DO) meter in degrees Celsius, DO was measured
with the same Yellow Springs Instrument model 57. The DO meter was calibrated by
multiplying the reading by a factor o 0.78 to compensate for the clevation in upper Sandia
Canyon, which is about 2180 m (7200 f1). Conductivity measurements were taken with a
Van Waters Rogers digital conductivity meter, which displays conductivity in units of
pumhos/cm. Total dissolved solids were estimated by mubltiplying the conductivity readings
by 0.66 (Battelle 1972).

4.2 Erosion Mc:ﬁm‘cmcnts

The Biology Team placed erosion stakes in side drainages along upper Sandia
Canyon to monitor-the extent of croston Erosion stakes consisted of metal fence posts
and weie placed alony tour side (h:uiﬁ:\gcs atong upper Sandia Canyon On the noith side
of the canyon, the Biology Team had noted significant amounts of coarse material
deposition due to crosion from the steep-sided and unvepetated Los Alamos County
sanitary landfill. Drainages along the south side of the canyon were more chaacteristic off
natural drainages  the area and were used as controls Fach stake line consisted of three
posts sct in the center of the dhainages Lach line began 10 mcters (33 ) Trom the sticam
cdge or from the edge of live cattails The posts were spaced 10 meters (33 Q) apat and

monitored monthly.
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On the notth side, N-1 was established below the southwest corner of the LLos
Alamos County sanitary landhill, It crossed a former wethind area that had been elevated
and dried out duc to thick deposits of coarse matetials. N-2 was placed below another Los
Alamos County sanitavy landtill blow-out arca near the end of the cattail marsh. On the
south side, S-1 was established in a more natural drainage channel as a control stition, S-2
was placed in the most heavily sedimented drainage on the south side of upper Sandia
Canyon, which received runoft from TA-3 parking lots and buildings.

4.3 Aquatic Macroinvertebrate Sampling

Aquatic macroinvertebrates were collected monthly at the same time that water
quality paramceters were measured. The Biology Team used a 0 09-m7 (1- i) Surber
sampler with a mesh size of 1000 microns to collect macroinvertebrates because it allows
density calculations. The sampler consists of a square metal frame that suppoits two side-
fiaps with a conical net between them. The fiame was positioned finnly against the
substrate in a riffle arca that was subjectively judged to provide the best available habitat
in the vicinity. The net traited downstream and captored dislodged mvertebrates that the
current swept into it. Large rocks within the metal trame were shaken and then scrubbed
with a brush to remove clinging macroinvertebrates. The substrate was agitated to a depth
of several inches, so that butiowing invertebrates would also be collected.

All captured aguatic mvertebrateas were placed in fabeied scintifiaiion viais
containing 70% cthanol and taken to the Bwlogy Team’s lab. ‘The samples and collection
dativwere topged into the Bology Feam Aquatic Data Beok apon etonn to the

invertebrate kb “Trained sorters sepaited myvertebate s lrom assocnted debnos, placing
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the collected invertebrates in labeled vials containing 70% ethanol to await identification
Macroinvertebrates were identified by Dan McGuire, an expert in the taxonomically
difficult Chironomidae (midge) family and non-insect aquatic invertebiates.

Organisms were identitied with an American Optics Sterco-star-zoont dissecting
microscope amd an American Optics Model 150 compound microscope tor slide samples.
Identification of specimens was accomplished using taxonomic references for North
Amcrican macroinvertebrates including Baumann et al. 1977, Edmunds et al. 1976,
Merritt and Cummins 1996, Thorpe and Covich 1991, and Wiggins 1978. Organisms were
identified to specics or genus when possible, and archived in the permanent Biology Team
invertebrate collection in vials containing 70% cthanol,

4.4 Aquatic Macroinvertebrate Analysis

Many carly water quality investigators compiled extensive species indicator lists to
measure species-specific talerances ta pollution. This method is prone to erroncous
interpretations since species-level identification is ditlicult to ascertain, tolerances of some
species vary greatly under different environmental conditions, and “intolerant” species may
occur in polluted waters due to dril}, i ¢ transport by water currents

Recent studies have emphasized the importance of community stiucture in
evaluating water quality (Gautin and Tarzwell 1956; ilsenhott 1977, and Schwenneker
and Hellenthal 1984). Diversity indices have been developed to allow mumerical
comparisons of whole macroinvertebrate comnumities. Unpolluted eavironments have
higher taxa diversity index values than polluted envisonments, which tewd to be dominated

by relatively few tolerant species. The Riology Team reviewed mactomvertebiate densitics




and population distributions by sampling station. Invertebrate habits (modes ot existence)
and functional tecding groups were also examined to further elucidate community ticnds

The Community Tolerance Quotient (CTQ) index was developed to assess the
impacts of non-point source pollution in the western United States (Winget and Magmun
1979). This systeny has been previously used in the Jemez Mountains to eltectively
cvaluate stream quality (Jacobi 1989, 1990, and 1992; Cross 1994, 19954, and 1995b) and
provides a more thorough and accurate basis for site comparisons than the P
(Plecoptera, Ephemeroptera, and Trichoptera) index. Tolerance quotients for aquatic
macroinvertebrate taxa range from 6 (the most sensitive) to 168 (the least sensitive) and
are based upon tolerances to alkalinity, sullates, and sedimentation. The CTQis computed
using the formula

CTQ = X(xt)n

where x = number ol individuals of a taxon,

U= tolerance value of a taxon (found in a published table), and
n = total number of organisms in the snmple.

The Biology Team attempted to ensure that taxa were not countedd twice; and it a
counting error occurred, it was due to under-counting rather than over-counting,
Therefore, we only counted onc taxon in a sample for the following cases:

o difterent life stagies of a taxon present,

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

o possible different instars of a genus assigned separate descriptive,
rather than taxonomic, identifications

The diversity index was caleelated nronthly for each sampling station using the

cquation discussed by Willun (1907).
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where D = the taxa diversity index, | 7

S = the number of taxa, and b
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N = the number of individuals. g
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Despite the simplicity of Wilhin's equation, this diversity index usually provides an g
5

accurate measure of a site’s taxa richness (number of taxa present) and cvenness
(distribution of individuals in differing taxa). A diversity index less than 1 is usually
indicative of heavy pollution, between 1 and 3 is usuaily indicative of moderate pollution,
and greater than 3 is usually indicative of clean water. However, biodiversity values for
low-order montane streams are notoriously low and should not be comparcd to higher-
order and lower elevation strcams, Nonctheless, Wilhm's cquation is uscful in detecting
differences between sampling stations in adjacent reaches of a montane stream, such as
found in upper Sandia Canyon.
5 RESULTS AND DISCUSSION
5.1 Water Quality Measurcments

This section refers to many State standards for water quality as listed in the Stare
of New Mexico Stairdurds for Intesstate and Intrastate Streanms for 1995, This document
(Statc of New Mexico 1995) is published yearly by the Water Quality Control
Commission in Santa Fe. These listed standards have been established to sustain and
srotect existing or attainable nses of water in the State. The 1995 document states, “These
general standads apply at all times, unless a speciticd standard is provided clsewhere in
this document, 1o all st face waters of the State.” However, the specitic standards that

“apply to waters oniginatmg vathin and/or fowine through LANL propeity have not yet




(Scptember 1996) been resolved This report refess to several of the 1995 standarnds,
particularly those of a high quality coldwater fishery, whichi s the State’s most stringent
standard Yor nonpotable water,

5.6.1 Temperature. Fig. S shows the monthly temperatures from cach sample station in
degrecs Celsius. SCH receives elMuent trom the TA-3 steam plant that is normally
discharged at temperatures higher than the _natqral stream temperature;, and the annual
averages were highest (14.8°C or 58 6°F and 15.1°C or §9.2°F) at the two upstream
stations (Table 1). The monthly temperatures were simitar at SCLand SC2, the greatest
difference being only 1.3°C or 2.3°F. The average temperature at SC3, which is much
farther downstream and very shaded, was significantly lower at 7.7°C or 45.9"F. The
temperature at SC3 was always lower than the upsticam stations, and it was much lower
during the fall and winter months. No recorded temperatures weic in excess ol current

State of New Menico standaeds for a marginal coldwater fishery (State of New Mexico

1995).
Table 11995 Water Quality Parameter Anntal Averages for
Sandia Canyon Sampling Stations.
Sampling Water pH Dissolved | Percent of | Conductivity y 'I'DS
Station | Temperatuee Ohrvypen Oxygen (ymhos/cm) (mp/)
(C) e LNy Saturation |
5C1 A4S LSO L A 3900 AR d
SC2 150 .80 1 78 LRV SRR, AT I S0
$C3 7.1 $.1 92 | usv | 6854 1504

5.1.2 pll. Monthly ptI measurements ranged from 719 10 8 62 and Fig o displays the
pll readings from the thiee campling stations: Soise months e omitted from Py 6
beeause the Biology Team's pHomcter was isoperatiee Monthly readmgs cad annual

averages (Table 1) were aiala tor o statons, the vieatesUmonthly dulerence bemg 0003
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Al monthiy values fall within the “excellent” range ot the Favironmental Quadity tndex
based on pH (Battelle 1972, g 7)) Albmonthly readingts also feib within the State of New
Mexico standards for hish quality coldwater hisheries (State o New Mexico 1995)

5.1.3 Dissolved Oxygen and Ovygen Percent Saturation. fn 35 of 30 meaanements,
the DO readings fell within the State of New Mexico standards Tor high quality coldwater
fisheries (State of New Mexico 1995). The single reading below the State standasds sas
within the studards for warmwater tisheries and eccuned in July, one of the hottent
months when dissolved oxygen concentrations tend to be lowest ‘The highet annual
avecage DO (9.2 mg/l) ocomred at SC3, while the fowest (748 mp/l) was at SCI (Table 1)
SC3J also had the highest monthly readings of all stations in 10 of 1.2 months (L 8). Tlus
is due to SC3's much lower temperatures, which allows more oxygen to dissolve in the
walcr,

Oxygen percent sataration retlects onygen avialability to mvedtebrates Recorded
monthly vilues sanged from 05% to 92% (Fig. 9). Annual averages ranged trom 7.2% to
7% (Table 1), all of which are rathes Tow The strem e Sandin Canyon has few yitlles
and consequently little nuning of i and water, sesulting i low oxygen satuations
Underwater aleabrespivation releases oxygen into watenways, but aloac are tot abundant
at or near any of the samphing stations Rantull could cause peniodic increases i oy een
saturation, but the more typical tow vidues could Nt aquatie nverichrate diveraty

Fig 10 displays a functonmal carve relating osyoen pescent saturation to an
Favivomental Cuabty Tndex (Batrelle 1977) Al monthly satmations fell witlee Battelle's

Ceneeflent e Troed” eateennes
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Fig 9. Pereent of DO saturation versus an Fruvitonmental Quality Index (Battelle, 197.2)
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5.1.4 Conductivity and Total Dissolved Solids. Monthly conductivity readings in
pumhos/em are displayed in Fig 11 and annual averages are presented in Table V. The
measurements were highest at SC3 in 9 of 12 months, possibly duce to ionized substances
in the Wil that naturally crodes into the stream or from decomposing cattails. The highest
reading (1081 at SCI in August) was proh;\'bly due to LLANI. opcrations, but it posed no
threat to the aquatic biota and quickly dissipated with distance downstream: Aquatic
organisms can generally tolerate TDS concentrations as high as 5000 my/t, a
concenteation nearly five times higher than the highest concentiation recorded duing
1995, All conductivity readings were within the range speciticd by the State of New
Mexico for high-quality coldwater fisheries (State of New Mexico 1995)

A rough approximation of TDS in milligrams per liter of freshwater is obtained by
multiplying the conductivity readings by 0.66. Fig 12 illustiates monthly TDS
concentrations fiom the three stations and Table 1 lists the annual averages AL1995TDS
measurements fall within the “excellent” range of the Environmental Quality Index
devetoped by Battelle (Fig 13).

5.1.5 Chlorine. Inrecent years, the Biology Team noted a stiong smell of chlonne at
Ouwtfall 138 during monthly sampling at Sandia Canyon. The New Mesico Favironment
Pepartment determined that sanitary discharses from this cuthill contamed chlvomne
exceeding the maximam allowable limit of | ppm (cquivalent to 1 my/i) The Biology
Team began to monitor chlone concentration in dischines from OQuilall 135 m catly
April 1995, The finst measarement taken (2 2 myl) exceeded the State it (Table 2) On

20 Apnil 1995, a sodim thiosuliate paep s istadlod 1o dechicnnate the water phor to
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its discharge from the outfall Since that time, the highest ¢hlorine reading taken by the
Biology Team at Outfall 138 was 0 21 mg/lin June 1995 To date, the dechlonnation
cquipment appears to be eflectively limiting the chlorine levels from Outfull 138

Table 2. 1995 Chiovine Levels (mg/l) at Qutfall QLS in Sandia Canyown,
April June July | Aug. Sept. Nov, Dec.

2.2 0.21 0.03 0.02 0.02 0.04 0.02

5.1.6 Erosion Stakes. Erosion monitoring stakes were instatled i four lines within upper
Sandia Canyon in late summer of 1995, "Ehese stakes are intended to provide long-term
data on patterns of crosion and deposition within drainages that feed into the canyon.
Stake N-1C was removed during blading that scooped out i shallow catchment pond at
the head of the dminﬁgc containing hine N-1The pond and installition of jute matting on
the road surtace in Scptember greatly reduced monthly land swiface difterences in this line
Table 3 lists the differences in fand suiface as measured by the heights of exposed
stakes. Positive (depositional) o negative (crosional) changes both indicate an unstable
landscape that will eventually impact the neaby steeam: Therefore, the monthly change
averages were computed v absolute values: Such fimted data penmits few conclusions,
but it is noteworthy that the southern control ines had a higher averagee monthly change
(0.7 cmi) than did the nothenn expeninental lines (06 ¢m)
5.2 Aquatic Macroinvertebrate Analysis
§.2.1 Total Numbers amd Tava Collected, A tatal of 3175 nacromvertehiates of 0
taxa (Appendix A) were collected fron the three Sandin Canyen samphag stitons duing,
1995, As in previous years, the sreatest muonber of quatic iy ertebiates were colfected a

SC3 (Eable 0 The tised ea Surber sampler perantted the Hoolosy Tean to compute




Table 3. 1995 Monthly Frosion Stake Changes (cms) in Sandia Canyon,

Line Sep. Oct. Nov, Dec. Average monthly ]
NetA 26 p 02 | 04 w24
N-1B 08 |09 s 4 03 |06
N-2A 406 | 02 | 405 |00 | 03
N-283 03 10,1 R T Y I 02 ..
N-2C 26 . oo+v2 | G0 Vot oo 06
S-1A } ONA |03 03 4 02 4 03
SaB__{ NA [ 02 | 402 | 06 | 03
§-1C NA 204 f f0a w3 v 0a
§-24 -1.6 03 _fo_04 {04 | 06
s-28 01 _f 06 | 24 | 08 | G0
s$-2C 22 10,11 12.0 16 g

average density of Sandia macroim ertebrates tor the st ime Only SC3 had a deiity
comparable to those of 1995 samipluy stations (1320, 1517, and 1812) within Guaje
Canyon, a natural stream adjacent to LANT property (Cross 1995h) SC3 also had the
highest number of taxa duc to its greater distanee fiom EANL operations and Landfills,
denser shading that produces colder and more stable water temperatures, higher dissolved
oxygen content, and prevaleree of niflles

Table L 1995 Summary Analysis of Macioinvertebrates Collected in Sandia
Canyon,

Sampling | Numberof | Average Density | Number | Biodiversity CrQ
Station tadividaals | Godividaalsfim?) | of Taaa hdex
_Collected.

LSCU T s o os T e e ek
8C2 e e L S KL A
[ SCY A e A RLELE I DO

I 1095, all mactoios citebrates were dentinied by Dan MoGuaine, arecopnized
expert i the Chinavomed (nndee) by Heddentification o 1 Chaopomud veneta

turther elucidates agquatic commmnty st e sathn the cagyon Many ob these Sanda

'

o I TN




Canyon Chironomid taxa had been previously isolated into distinet groups by differences
in head morphology, setae, prolegs, and other characteristic features (Cross 1994 and
1995a). However, the differences in total taxa recorded from sampling stations duting
1993 (36 taxa), 1994 (36 taxa), and 1995 (10 taxa) are due to "uew” Chironomid taxa
identified by McGuire.

5.2.2 Population Distributions. The average numbers of macroinvertebrates collected
at a station varied greatly, with SC3 having 3 — -t times the number of individuals as the
other two stations (Fig. 14). Population disttibutions reflect commumity stability by
examining monthly variances. One method compares the number of macromvertebrates
collected at a station during its most populous months to its annual total More than halt
of the aquatic invertebrates collected at all sampling stations weie collected durimg only
two months or 17% of the sampling season (Table 3)

Table 5. 1995 Mouthly Averages, Totals, and TMPMA Numbers of
Macrvoinvertehrates for Sandia Canyon.

T wa Mm(-l’up\;f(m\‘ Monthy
Localized population explosions toutinely occur m sticams beeanse ms crtebrate

evg hatches occur during Fivorable condiens b Movember amd December, ugdy nuniiers

of individuats were tound 2t b thiee statons (b B The feehest nambers ol mdividuats

coltected i a month occutred ot SC 3 ovemter (:10) sond December (879) However,

Station | Average Number | “Total Number | Number Collected TMEPNMATotal
Collected Monthly | Collected L ENMEMY
] 63 s 283 65 1%
A TTTesa T e | 6%
3 1704 q00d U s T e

N A
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bactid maytlies accounted tor 7295 of November's total and 6.2%% of December's total.
These two months accounted for 74.4% ol the invertebrates colleeted ar SC3 during 1995

Another measure of population distributions is detenmination ot the number of
months that no aquatic invertebiates were collected at a samphing station. During 1995, no
macroinvertebrates were found at SC1 once (9% of the samples) and at SC2 1wice (17%
of the samples). In contrast, macrainvertebrates were collected at $C3 cvery month, The
velatively stability of SC3 is because it experiences

* muchless flooding due 1o its Jocation below the cattail marsh,

e less scour due 1o a more stable substrite, and

*  greater colonization by adult invertebrates due to its greater accessibility,
5.2.3 Community Structure. Familiar trophic categories of herbivore, carnivore, and
ommnivore are not very applicable to macroinvertebrates. Aquatic invertebrates select food
sources primatily due to patticle sice, 1ather than food otigin. Menittand Cummins
(1996) have developed a series of functional feeding groups or tiophic catepones o
describe trophic telationships amony, Aquatic inseets (Fable 6) These catepoties me based
on feeding mechanisim, instead of food origin,

A natural and balaneed aquatic ceosystem usually containg representatives of the
vatious tunctional feeding wroups Appendin B Tists the functional teeding eroups of the

aguatie msects collected in Sandia ¢

PR Y P I TR B U A |
LANRY PUWY JUPTCLCTIICO Bctiodigg eediny,

group at all sites were the sheedderss SC3 had the most shredders, prinmanly the caddistly
Hesperophyday, duc 1o prester amounts ol decompoung plant material in this teach of the
stream  Atallsites, the primary collecton Blicrer was the Cnldisly Hydhopsyehe esho,

which accounted for alnsoet b indis ich - o his T tioand feedi sronp Al other




‘Table 6, Functional Feeding Groups and Modes of Existence of Aquatic Tusects.
(adapted from ot Introduction 1o the dquatic Insects of North Amenca,
Meritt and Cunmiins, 1996)

Functionad Dowmiuant Food Mode of Description
Feeding Gronp. N xistenee § -
Collectors Decomposing, fine Buriowers Inh Wit fine '.cduuu-(s
|\.||l|cul.l(c matter construct burrows, tunncl
_ L __lmoptas
Piercers Fluids from hiving Climbers l ive on \cvvl.nlmn can move
e fplontandalgacedls 1 Saatiedly
Predators Living animal fissue Chorers Antach 10 surfaces in stream
i ) | nle aveas L
Scrapers Attached algac and Divers Ad.\p!cd for surface
.nssucintcd matevial pof Jlga_l_\_\nnm:, :\n_sl_ Sl)}n_m, o
Shredders Living or decom- Skaters | Onthe surface of water
posing plant tissue, Sprawlers On the swace of Hn.mnn
coarse patticulate L | substrate or fine sediments
organic matter Swimmers | C fing to submer ucd nh;cux
3 A swims short distances

functional feeding groups were well iepresented by a vaniety of taxa at all sampling sites
Within a balanced aquatic commumty of 3 natural aquatic ecosystem,
macoinvertebrates occur all avadable mucrohabitats and utihize a vaniety of food resourCes
Appendix 3 hsts the functional fccdln_-.; stoup and mode ot extence tor the
macroinvertebrates collected m this wndy (Table 6 Althouah ficquently seen onthe
water’s suface within Sondor Canyvon, skaters ae pootly represented beeanse they e not
usually collected with a Swiber sampler Divers were searee at all stations, but ssenners,
repiosented at b stations, mdcating o
halanced community
S.2.0 Biodiversity Monthly Bodeocray e (boo by ond .HIINI.‘Il averare s (Fable )
were caleelated Tor each b e (A ppendie C) Aithasd b the 1o

Prondivesaty valioes soere el o theee o Py (s Pomay Hhese st e e o
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the dominance of a few species, especially of Baetid nraytlics (Table 5), and the fact th
Sandia Canyon is a low-crder montane stream. SC3 had higher biodiversity values than
SC1 or SC2 due to its greater distance fiom LANL operations and Landtills, denser
shading that produces colder and more stable water temperatuies, lngher dissolved oxyzen
content, and prevalence of riftles.

5.2.5 Community Tolerance Quoticnts  Tolerance quoticnts for cach taxa collected
Sandia Canyon during 1995 are listed in Appendix A The values deciease with increasing,
distance from the head of the canyon indicating that downsticam habitats are more
favorable. SC3 has the most tolerant community, with a CTQ ot 8:1.7 (Table 1), indicating,
that this is the Icast stressed site. This value is somewhat misleading because it is due in
large part to the high number of Bactid maytlies found in November and December at this
station. The genus Bacris has a tolerance quotient of 72, which appears inordinately low

to biologists familiar with notthern New Mexico aquatic invertebrates

6 CONCLUSIONS

Despite widespread habatat degwadation and high amounts ot sedunentation, all
physical and chemical tests conducted within the upper Sandia Canyon stream mndicate o
healthy waterway. The vast majority of water chemintry tets dore in Sandia Canyonan
1995 were within the standards set by New Mevico tar celdwater fisheries (He
exceptions were asingle dissolved oxyyen readiny during July and water temperature
readines that all fell within the vangee for warmvater fisheries) Chlorine levels rom Ountfall

138 discharges have been witlon State ontsance Jecbloemation cquipient s metalled




Pt e e o s e

in Apiil 19958, All monthly pHand conductivity measmed fall within State limits set for

coldwater fisheries, and all pH and TDS measurements were within the “excellent” range

as defined by Battelle's Environmental Quality tndex Al oxyren pereent satwation values

were within Battetle's “excellent”™ or “good™ ranges.

Although many physical and chemical parameters indicate o healthy stream, the

watcrway's biotic potential is fimited by the cltects of widespread crosion, channelization,

loss of wetlands duc to deposition and stream fowering, scour, limited acceptable

substrates, LANL relcases and spills, and other stressors. Low biodiversitics and the high

TMPM percentages at all sites demonstiate that the aquatic communities in Sandia
Canyon atc somewhat unstable SC1 and SC2 are exposed to the synergistic eftects of

habitat degradation much more than SC3, and those stations have lower densities of

macroinvertebrates, fewer taxa, reduced biodiversity, higher CTQs, and more unstable

communities than SC3.

B ”wﬁi?‘
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APPENDIN A j
MACROINVERTEBRATE TAXA COLLECTED IN SANDIA CANYON DURING ;‘
1995 AND THEIR TOLERANCE QUOTIENTS
AQUATIC INSECTS: ..
Order Family (genus) Species Station _T1Q s
Colcoptern Dryopidac adult Hylicuy _ 3 T2
: Dytiscidac Agabus 1,2,3 72
Elmidao Oprloservus 3 A 108
Elmidac Heterlimus | 108
Hydrophilidae ) 2 72
Collembola , 3
Diptera Ceratopogonidac | Bezzia - 2 __log
: Chironomidae Cardiocladins 2 108
Chironomidac Cricotopus 2 108
Chironomidae Pagastia 1.2 108
Chironomidae I\etenla 1,23 ___los
Chironomidae pupa . ! oy
(Chironominac)
Chironomidae Diamesa _ 1,23 _ 108
(Diamesinac) o .
_|Chironomidac pupa. _ 1,2 _.._los
B A_(_(_)_rﬂlhoéladinnc) 1. N o
B Chironomidne LParaphacnoctuding .__ l_{ ) 108
Ontacdmad) || T
Chironomidae lukicffericlla 1,23 )18
(Orthocladinaey | | . |
Chisonomidae __{Chaetoclading | 1237108
e @uthocladinae) 4l
e fClironomidae _ \Orthochudins - 425 LY
AQ@ubockadina)  } e
o fShionomidae - A Brdtha o L
o (Ouhodadinae) e
o |Chironomidac__ | Paramenioenenns | 1,2 s
e |Outhodadinae)
T .-_..._. Chironomidae 'ITm'm'n'_«r}!)l/(;/_)'/(l . 12,3 oS
e |tmanypedivaey .
T Empididae Clhelifora 1 5
~ Fphydadae [ 2 10N
Muscidae 12 108




Orvder Family (genus) Species — § Station | TQ
Muscidac ___Limnophora 1,25 | 1 _0._—8"_“‘
Simulidac Simulim L2318 :-‘
Tabanidac 38
Tipulidac Antocha 3 L
Tipulidae Dicranota 1,3 24
Tipulidae Limonia 3 24
Tipulidac Tipula 3 36
Ephemecroptera_|Bactidae Baetis (ricaudais) | 1,2,3 .
Tricorythidac Tricorythodes N 108
[epidoptera Pyralidac 3 __; :_m__&):‘!_: —_
Pyralidac _|Petraphila 1 ____los
Odonata Acshnidae Aeshna 3 . n
Acshnidac Baoyeria 1,23 72
Cocnagrionidae | Argia o h23 | 108
Plecoptera Nemouridac Podmosta 3 6
Nemouridac Amphinenra’Male 3 6
Trichoptera Hydropsychidae | Hydropsyche ostari | 1,2,3 108
Limnephilidac 3 108
Limnephilidac Hesperophylax 3 108
AQUATIC NON-INSECTS:
Phylum Class (subclass) - Family Station | TQ
Annclida  Oligochacta Lunmbriculidac 1,23 o '10_5?._“
e e e (NAididae o8
_____________ Tubificidae - LA S
Aitvopoda___ {Crustracen 1 108

(Ostracoada) '




APPENDIX B

FUNCTIONAL FEEDING GROUPS AND MODES OF EXISTENCE OF AQUATIC
COLLECTED IN SANDIA CANYON DURING 1995

(Orthocladinae)

._C_hironomidnc

] ’uruglnwum'h wlruy

Oithocladinae)
Chironomidace

nkigjtsiclha

(Orthacladinae)

Chironomidae

(Orthocladinae)

£'/r(l('/¢1('/(l(/rll.y' )

{(Onthacladinae)

limpidid:w

Chirononidae

Chirononndae
(Thanypedmac)

‘ lfph)'d_l il('.‘.(f

Muscudae

Chironomidae O thacladiny :
e _|©uhocladinae) |
Chironomidac _ {Mllia
_{(Ouhocladiney L

Paramets tocie s

Henemanninyia

e "h(,‘({/i‘m

g

Order Family Genns Feeding NMode of
(Subfimily) Group Existence
Colcoptera Diyopidac adult | Helicus se,ey | ew
Dytiscidac Agabus pro sw.dv
Elmidae Optioservis 5¢, €8 w
Elmidae Heterlimnus s¢, cg -
Hydrophitidac cg sw, dv
Collembola ; L g | sk
Diptera Ceratopogonidac Bezzia. e be
Chironomidac Cardiocladiny pr bu, ¢y
Chironomidae Cricotopus sh, cg cg, bu
Chironomidac Pagastia cg, s¢ sp__
Chironomidac 1vewenia cy sp
Chironomidac pupa cy, cf bu, cg
(Chironominac) o
Chironomidac Dianesa ) * deese s
(Diamesinac) | S IR SR
| ChiSOOOMIA | Appa s b

U2 SR SRR LA
R LU Sp
e sp
- .. —— [PIPPSFURPURPRUR T
cy sp.bu
. b Y PRI I T
sh, ¢y bu
g sp
pr g
P sp.bu
ceheege W L
l!l .'-P
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Order [Family Genus T reedin I M“.l\Tl‘o—(-l?o? o
Group Existence
| Muscidne L Limnophorda ) L l’L_ ~ T
Stmulidae Simulivm N O T >
Tabanidac e T st
Tipulidae Antachu I O S AU < S
Tipulidae Dicranota pr sp,bu
Tipulidac Limonia sh sp,bu )
Tipulidae lipula sh, ¢y bu
Ephemeroptera | Baetidac Bavltis N T sw.cbeg
Tricorythidac Tricorythodes cy sp,
Lepidoptera Pyralidac sh cb, ¢b-sw, bu
Pyralidac Petrophila s¢ cg B
Odonata Acshnidae Avshia e ch
Acshnidae Boyeria pr_ cb-sp.
Cocnagrioniduc Argia pr cg, cb-sp
Plecoptera Nemouridae Podmasta sh, cy sp.cg
Nemouridac Amphinenra Malevka]  sh, cy sp-cg
Trichoptera Hydropsychidac Hydropsyche cf cg
Limnephilidac sc, sh, cg cb-sp-cg
Limnephilidac Hesperophyluy sh 1 %

Mode of Fxistence
Abbreviations:

b = burrower
cb = climber
cg = clinger
dv = diver

sk = skater

sp = sprawler
SW = Swinmer

Functional Feeding Group
Abbreviations:
¢l = collector filterers
cg = collector gatherers
pr = predatons
SC T suapers

st sluedders

S

F
[

Wi




MONTHLY NUMBERS OF INDIVIDUALS, NUMBERS OF TANA, AND THE
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APPENDIN C

BIODIVERSITY INDICES FOR SANDIA CANYON, 1995

34

Month, Station Number of Number Biodiversity
Individuals of ‘Taxa Index
Jan, SC| 3 2 091
Jan, SC2 0 0 NA
Jan, SC3 10 3 0.87
Feb, SC) 0 _ o NA
Feb, SC2 0 0 | NA
Feb, SC3 1o J 1.30
Mar, SCI | I NA
Mar, SC2 1 1 NA
Mar, SC3 1 8 163
Apr, SCI 9 7 _ 2.13
Apr, SC2 0 4 i 2.16 )
Apr, SC3 173 6 097
May, SCI 11 b) o ler
May, SC2 16 - 1 2.16
May, SC3 57 7 o las
Jun, SCI 100 12 239
Jun, SC2 L . I N
Jun, SC3 L L NSO U L 269
|l SCI {70 T TS T T
Jul, SC2 2 sy
Jul, SC3 Y 0 1.76
Aug, SCI 6 2 056
Aug, SC2 ~ 34 - R B L
Aug, SC3 17 6 1.76
Sep,SC1 .30 6 1 1
Scp, SC2 93 L I
Sep, SC3 69 11 236 )
Oct, SCI 9 1 4 1137
Qct,SC2 {8 . w0 4 205
| Oct,SC3 ST 0 .93
e Nov, SCL L 133
—ooNov se2 o p 164 o 105
. Noy.SC3 612 13 136
o Dee, SCI 183 3 230
T Dee SC2 208 BE 250
T TDee. SCH st 192






