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+ INTRODUCTION

Ecosystems that possess physical, chemical
and biological elements interacting in ways
necessary for sustainability are said to have
integrity. While conceptually appealing, measuring
the condition of ecosystems has proven difficult.
Ecosystems are thought to respond to stressors (e.g.
detrimental or disorganizing influences) through
. changes in functional attributes such as energy flow
and nutrient cycling and through changes in
community structure as well as general system-level
changes (Margalef 1981; Odum 1985; Kay and
Schneider 1993). Attempts to assess ecosystem
condition have rarely considered energy flow and
focused instead on either community structure or
nutrient cycling (Karr 1993).

Although energy flow has not been widely used
as a tool in assessing and monitoring ecosystems, its
importance to ecosystem integrity is recognized
(Ricklefs 1979). All systems require energy and
altering the nature (quantity, flow, flux) of that
energy supply alters the quality of the ecosystem. In
spite of this knowledge few, if any, agency
programs devote attention to balancing energy
sources (Karr 1993). Recent research suggests that
positive relationships between biodiversity and
energy flow within ecosystems may exist (Tillman
1996).

+ OBJECTIVES

The goal of this research is to evaluate
energy  flow and flux through wetland aquatic
invertebrate communities as a metric for assessing
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ecosystem integrity. Objectives being addressed as
part of this goal are to: 1) develop pc-based
bioenergetics models for common aquatic
invertebrate species, 2) determine the variability
(among years, among wetlands) associated with
aquatic invertebrate secondary production estimates,
3) compare aquatic invertebrate secondary
production estimates and P/B ratios from wetlands
in stressed and non-stressed ecosystems and 4)
compare aquatic invertebrate secondary production
estimates with biological diversity of wetlands.

STUDY-AREA

This research is being conducted in Grand
Teton and Yellowstone National Parks and the
Prairie Pothole Region of South Dakota. Basin
wetlands of various sizes occur throughout Grand
Teton National Park and in the Lamar River Valley
of Yellowstone National Park. Many thousands of
basin wetlands occur in the Prairie Pothole Region
of South Dakota.

Many of the wetlands in the Greater
Yellowstone Ecosystem (GYE) should exist in a
"relatively” natural setting and should exhibit
energy flow functions (secondary production)
typical of functional ecosystems. That is, rates of
secondary production and P/B ratios should not be
excessively high. In contrast, hundreds of
thousands of wetlands in the Prairie Pothole region
have been human influenced, often by agricultural
activities.  If hypotheses about the response of
ecosystems to energy subsidies (Odum 1985) are
correct, prairie wetlands should support greater
amounts of aquatic invertebrate secondary
production than GYE wetlands.
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Eight wetlands within the GYE were
selected for study and sampled during 1995. Four
of these wetlands were located within Grand Teton
National Park and four were located in the Lamar
River Valley of Yellowstone National Park. Eight
wetlands were again sampled in 1996, including six
of the original wetlands selected in 1995. Sampling
of these eight wetlands will continue for another
three years.

+ METHODS

Sampling for aquatic invertebrates as well
as ancillary biological, physical and chemical data
was conducted monthly from late May or early June
through September of both years. Recording
thermistors were placed in two wetlands during
1995 and six wetlands in 1996. Thermistors were
programmed to record water temperature at 4 hr
intervals. Water samples were collected for nutrient
(nitrate-N, total-N, dissolved-P, total-P)
concentration analysis in the lab each time biological
samples were collected. Dissolved oxygen
concentration, dissolved solids and pH were
measured in the field.  Beginning in 1996,
chlorophyll a samples were collected as a measure of
primary productivity. and will be sampled each time
aquatic invertebrates are collected.

Aquatic invertebrates were sampled using a
7.6 cm dia. x 1.5 m long core designed to sample
the upper 10 cm of sediment and overlying water
(Duffy and LaBar 1994). Immediately after
collecting samples, they were rinsed through a 149
um sieve and preserved in 90% ethanol for later
processing. Later processing of samples includes
enumerating organisms in samples to obtain data on
community composition and population change, and
size measurements to assess organismal growth
rates.

Production of the macroinvertebrate
community will be modeled using a bioenergetics
approach. Physiological data exists for a number of
aquatic macroinvertebrates and mathematical models
have been developed for some organisms (Kooijman
1993). However, I will develop bioenergetics
models for aquatic invertebrate taxa common in
wetlands of the GYE using an approach developed
by Hewett and Johnson (1992). Modeling has not
yet been initiated, but will be reported on in the
future.

PRELIMINARY RESULTS AND DISCUSSION

Analyses of samples for ancillary physical
and chemical data have been completed for both
years. However, analysis of aquatic invertebrate
samples is more laborious and have not been
completed. Data presented here are intended to be
representative, but not complete.

Wetlands sampled in the GYE may be
classified by hydrologic regime into semi-
permanent, seasonal or temporary (Table 1). Semi-
permanent wetlands are those that contain water
during all seasons in most years, seasonal wetlands
contain surface water during much of the growing
season, and temporary wetlands usually contain
surface water for < 1 month each year. Wetlands
in the GYE also may be characterized by buffering
capacity, as indicated by alkalinity and specific
conductance (Table 1). Wetlands in the northern
range of Yellowstone National Park are well
buffered, as are others having large drainage
area:wetland surface area ratios. However, wetlands
that have a relatively small drainage basin, relative
to wetland surface area, such as the Signal Mountain
site in Grand Teton National Park, are not well
buffered (Table 1). Hydrogen ion concentration
(pH) was typically neutral or basic in most wetlands
during most months. However, slightly acidic
conditions were occasionally encountered in those
wetlands having the least buffering capacity.

Table |. Maximum and minimum values of physical and chemical perameters measured in wetlands of the
Greater Yellowsione Ecosvstem.
Dissotved Specific Total
Hydrologic ~ Deph axygea pH coaduct.  alkaliaity
Wetlaad regime (cm) (mg/M xw) (vSicm) {mog/l)
Grasd Teron NP
Hedrick H 0-103 16-58  72-85  2W-50  17.49
Lozier s Hel0  13-69  67-78 10-40  01-14
Moo T 30 - 22 920 -
Planaia H 50 - 14 70 -
Rex, Sation sp 0-175 L7-40  €3-&! 0.3  02-08
Signal Mt sr t5-166  12-51  63-82 10-20 0106
Soake s 60-115  24-83  15-89  160.300  17-18
Yellowstoae NP
Bisoa H 0-160  26-435  T1-81 20-1150 44-62
Coad Divide s ) %1 - <10 -
Cont s 0-35 12-297  18.87 60 52-36
Lamar s $0-120 24-30  77-97  130-212  13-10
Slough sp 20-91 15-64  15-92 2M0-760  19-114
Wove s 33-103  20-58  T9-101 20-350  37.72
Bridg -Teroa NF
Temp. 91 T 30 - 73 50 -
Temp. 92 T 20 - 79 0 -
Semi-p. 91 sP 75 - 83 130 -
Semip. 11 sP 100 - 79 60 -
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Water temperature in GYE wetlands exhibit Nutrient concentrations in wetlands are
considerable temporal variation. During 1996, often greater than concentrations found in lakes. In
water temperature increased to a maximum of > 21 wetlands of the GYE, typical concentrations of total
°C in early July at most sites. Water temperature of phosphorus are < 0.25 mg/l while total nitrogen
wetlands on grasslands (Figure 1) appeared to concentrations most often ranged from 0.5 - 1.5
remain warm longer than did the temperature of mg/l.  Nutrient concentrations in the wetlands
wetlands located in forested habitats (Figure 2). sampled tended to be greater in the northern range
However, differences in seasonal temperature of Yellowstone National Park (Figure 3) than in
patterns are influenced by water depth and volume, Grand Teton National Park (Figure 4).
as well as solar radiation.
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Figure 1. Moan daily water temperature al Wave wetland, Yell Figure 3. Concentration of (A) total phosphorus and ‘(B) total nitrogen at
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Figure 2. Mean daily water temperature at (A) Hedrick and (B) Lozier Figure 4. Concentration of (A) total phosphorus and (B) total nitrogen at
Wetlands, Grand Teton National Park, during 1996. Signal Mountain Wetland, Grand Teton National Park. Open circles
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Wetlands of the GYE tend to support a
diverse community of aquatic invertebrates. A total
of 133 taxa have been identified from the 1995
samples that have been processed (Table 2).
Perhaps more importantly, 80 (60.1%) of these taxa
are taxa that have not been previously recorded in
either Grand Teton or Yellowstone National Parks.
This high proportion of new distributional records is
the result of a paucity of wetland sampling in the
parks and not due to rarity of taxa. None of the 133
taxa identified could be classified as rare.

Aquatic invertebrate communities in GYE
wetlands are often abundant, as well as diverse.
Seasonal abundance tended to increase from spring
through autumn at most wetlands sampled (Figure
5). Abundance of aquatic invertebrates at more
productive sites, such as the Wave site in
Yellowstone National Park, often approached or
exceeded 200,000 individuals . m’ (Figure 5).
More typically, seasonal abundance increased from
around 10,000 . m? in spring to between 20,000
and 40,000 . m™ by autumn (Figure 5).
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Figurc 5. Total aquatic invertcbrates. m® at four GYE wetlands. (A)
closed circle = Wave Wetland, YNP, (A) open circle = Hedrick
Wetland, GTNP, (B) closed circle =..Snake Wetland, GTNP, and (B)
open circle = Signal Mountain Wetland, GTNP.

The preliminary nature of these data prevent
extensive analyses or conclusions. However,
several observations can be made. First, wetlands
of the GYE obviously do support a very diverse
aquatic invertcbrate community and one that has
received scant attention in the past.  Second,
individuals in these aquatic invertebrate
communities can reach exceptional densities.

Analyses of relationships between wetland habitat
conditions, aquatic  invertebrate = community
composition and production should provide valuable
information on how these wetlands function within
the GYE.

Table 2. Aguatic imertcbrate taxa collccted from wetlands in the Greater Yeilowstone Ecosvatem.

Order Oeder
Famity Family
Genus specier —Genws specier
Turhcltaria MMacrecycinps albidus
Phogucmn 1. Tropocyclops prasiens
Nemateda Harpactacoids
desndorybimus 5p. %
Hydesida dglandiaptemes leplopus
Hurw americans Hesperodiaprames shoshone
Rhyachobdelidae Leptodinpsmes
Hiclobeclia furcn Brachinecia coloradensis
Helobelelln siagualis dursthen
Placobudclia vrneta Conchastraca
Olignchacta brackyerus
i Amphipads
Chaetopaster dhnphoens 1lvolella cctecs
Ostraceda
Paranias bhivrolis Condona 5p.
Tubificidac Candone decore
Linmodrilus mibckemionus Vi acuicots
Cladncera, Cupriz pubera
Ewcypriz rove
Cerindaphnia reticutatn Encypris hvstrix
Daphnia pulcx Limmocyhere reticulata
Daphea rosen L
Daphwia scholleri Arrenurus sp.
is mcronela .
Simocepholus serruimus Diptera
Simacephalus veiulus ‘Ceratopogonidac
Chydaridac BertioProbezsia sp.
Acroperns harpoe Polpomyie 3p.
Alona gutiaia Stitobezzia 5p.
Biapwrn affinis Chironomidac
Ablobeswvia $p.
Grapsoleberis testudinaria Procladius sp.
Leydigia leveligia Chirowomes 1p
lewrores Cladopelma sp.
Plewrozus, Cryptochiromomus sp.
Macrothricidac Parolanytarsus sp.
Eurveercus lamellaius Prectrociodies sp.
Lathonwrn rectirnstris Derotanypus sp.
Alacrothrix montana Ve .
Sididac Corynanenca sp.
Mrackhywrum Thienemonnicllo sp.
Sida crysiolling Tvetenia sp.
Copepoda i
Cyclopoida Chaoborus amcricanws
Acomthacyclops vernalis Clicidae
Ewmcyctops agis Aedes covaphila
Aedes fitchn Gerris motebilis
Anopheles earlcr Gerris remuges
Culiseta alaskoensis Nosonectike
Couliseta inornara Notowccta irrorata
Dixidae Notwecta undulota
Daxella sp. Odensts
ridac Covnagrion resvlwivm
Hivelrellio sp. Enailagmn carvnculotum
Porvdva sp. Enallogma civile
Tipulidac Lestes comypener
of primnvens Lestes unguicalotus
. Aeshna sp.
Cellembala Peckvdiplar sp.
Podwen aquonca Sympewrum sp.
Ephcmernpicra Trichopiers
Cacnidac Eocommuecus spp.
Corms youms Grammotanlis 3p.
Limnephitus 3p.
Ceallibactis ferrmpmens Philarctus quacris
Colcoptera Mecaptera
Carabidac Biacidoe
Chrysomclidae Bittacus 5p.
Donacra subtilus Gastrepada
Donacta tubercolifrons Arwiger criste
Dytiscidac Gyeowius circmmsiriatus
Crhister 5p. Siagwicala elodes
Coptatomus cf. bongules Lymnnce stopnalis juguloris
Ercees »p. lielizoma cf. ancepe anceps
Graphoderns Hehsome wrivalvis
Hydaticus wwsdestus Pianorbule compestris
Laccodhves sp. Promencius eracwous erocwoes
Riontus simmermanni Valvate sincere
Gyrinidae Pelecypoda
Gyrinus affinmis Pisiciom milim
Gorinus latilimbas Sphacrium locusice
Haliplidac Spoeriven witichom
Helipins immocxlicollis Sphocrive
Holipius longuins
Halipins rubgwitntes
Helophoridac
Hydrophitidae
Tm ».
Stewus 3p.
Hemiplers
Corixidne
Calticoriza ewdeni
Cenacorire 3p.
Hesperacorira atopodonta
Sigara alternata
Gerridae
Gerris buenoi
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