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Contrasting response of stream detritivores to long-term nutrient enrichment
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Abstract

We examined growth and production responses of two dominant stream detritivores (chironomids and Tallaperia
spp. stoneflies) at opposite ends of the ““slow-fast™ life-history continuum and with distinct feeding characteristics
(i.e., consumption of fine particulate organic matter vs. leaf litter) to a 2-yr experimental nutrient enrichment of a
headwater stream. Enrichment had large positive effects (~50% increase) on chironomid growth rates but no effects
on those of Tallaperla spp. On an areal basis, enrichment had a large positive effect on chironomid production
(~183% increase) but no detectable effect on the production of Tallaperla spp. When production data were ex-
amined on a per gram food basis, enrichment had an apparent positive effect on the production of both chironomids
and Tallaperia spp. Together, these results suggest that nutrient-induced changes to organic matter quality had
consistent and substantial positive effects on short-lived chironomids, but effects were limited for longer-lived
stoneflies. The lack of a system-wide effect on Tallaperla spp. may have been due to nutrient-induced reductions
in leaf litter quantity, despite increases in litter quality. Our results indicate that species-specific characteristics such
as life span and dominant food type may be important in determining population- and community-level responses

of consumers to nutrient enrichment of detritus-based aquatic ecosystems.

Nutrient enrichment of aquatic ecosystems is occurring
worldwide as a result of human-induced changes to global
nitrogen (N) and phosphorus (P) cycling (e.g., Bennett et al.
2001; Galloway et al. 2003). Fertilizer production and ap-
plication, fossil fuel combustion, and suburban/urbanization
have all contributed to increased mobilization of N and P
and elevated concentrations of these elements in streams,
lakes, and coastal marine environments (e.g., Caraco 1993;
Vitousek et al. 1997; Carpenter et al. 1998). Such changes
in nutrient availability can have strong indirect effects on
invertebrate primary consumers because many basal food
resources (i.e., primary producers and detritus) undergo large
changes in quantity and quality as a result of nutrient en-
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richment (e.g., Carpenter et al. 1998). Our general under-
standing of enrichment effects on primary consumers is lim-
ited, however, because most studies have focused on living
plant- or algal-based food webs (e.g., Peterson et al. 1993;
Carpenter et al. 1998; Howarth et al. 2002).

In many aquatic ecosystems, detritus (i.e., nonliving or-
ganic matter) is a dominant basal resource and provides the
energetic basis for diverse and productive detritus-based
food webs (e.g., Teal 1962; Wetzel 1995; Hall et al. 2000).
Despite the prevalence and importance of detritus in aquatic
systems, few studies have investigated the effects of nutrient
enrichment on the growth or productivity of invertebrate de-
tritivores.

In the eastern United States and in many other forested
regions of the world, detritus-based headwater streams dom-
inate the total length of stream networks (e.g., Meyer and
Wallace 2001). In these streams, consumer productivity is
driven by pulsed inputs of allochthonous leaf litter, and in-
stream autotrophic production can be extremely low (e.g.,
Webster et al. 1997). Recent studies have shown that nutrient
enrichment of detritus-based streams can lead to increased
biomass and productivity of microbes (i.e., bacteria and fun-
gi) associated with detritus (e.g., Chadwick and Huryn 2003;
Ramirez et al. 2003; Stelzer et al. 2003) and consequent
increased rates of organic matter decomposition (e.g., Rob-
inson and Gessner 2000; Grattan and Suberkropp 2001; Gul-
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is and Suberkropp 2003). Thus, nutrient enrichment may
positively affect the quality of detritus (i.e., through in-
creased biomass of nutrient-rich microbes) while negatively
affecting its quantity (i.e., through increased rates of decom-
position). Little is known about how such changes at the
base of the food web affect the growth and productivity of
invertebrate detritivores (but see Ward and Cummins 1979;
Rosemond et al. 2001, 2002). Understanding this linkage is
critical, because detritivores may limit the flow of energy
and materials to higher trophic levels and often play prom-
inent roles in the retention, processing, and export of organic
matter and nutrients in forested streams (e.g., Cuffney et al.
1990; Crowl et al. 2001; Cross et al. in press).

We experimentally enriched a headwater stream with N
and P for 2 yr and observed profound effects on both the
quality and quantity of detritus. Specifically, we observed
(1) increased quality of fine particulate organic matter
(FPOM) and leaf litter (i.e., increased nutrient : carbon ratios,
increased microbial biomass, and activity) (Cross et al. 2003;
Gulis and Suberkropp 2003) and (2) reduced quantity of leaf
litter (Gulis and Suberkropp 2003; Greenwood 2004) in the
treatment stream relative to a control. In this study, we ex-
amined the effects of these nutrient-induced changes to de-
trital resources on the abundance, biomass, growth rates, and
secondary production of two prominent stream detritivores.
We chose two taxa with distinct life histories (i.e., fast
growth and short life span vs. slow growth and long life
span) and feeding characteristics (i.e., consumption of
FPOM, organic particles <1 mm in diameter] vs. leaf litter)
to explore the potential importance of these factors in deter-
mining the response of detritivores to enrichment. We pre-
dicted that short-lived taxa, which are less dependent on con-
tinuous availability of organic matter but which likely can
capitalize on increased organic matter quality, would re-
spond more positively to nutrient enrichment than longer-
lived taxa. Our detailed analysis is restricted to two taxa,
and therefore, any differences in response cannot be directly
attributed to a single factor such as life span, feeding mode,
or underlying phylogenetic differences. Nonetheless, our
study, in combination with information for multiple taxa
from a companion study (see Cross 2004 and “Discussion”),
provides valuable insight into potential taxon-level deter-
minants of detritivore response to nutrient enrichment.

Study organisms

Non-Tanypodinae chironomids (Diptera: Chironomidae)
were chosen as representative r-selected taxa (i.e., rapid
growth and high reproductive rates). Chironomids are among
the most abundant macroinvertebrates in most freshwater
ecosystems (Armitage et al. 1995) and generally exhibit rap-
id growth rates (e.g., Huryn 1990; Hauer and Benke 1991;
Benke 1998), short larval life spans (e.g., Huryn 1990), and
multivoltine life histories (i.e., complete multiple generations
per year) (Huryn 1990). Most non-Tanypodinae chironomids
are functionally classified as collector-gatherers (Merritt and
Cummins 1996), and their diet in many southern Appala-
chian streams is dominated by amorphous detritus associated
with FPOM (e.g., Hall et al. 2000; Rosi-Marshall and Wal-

lace 2002). More than 25 genera of non-Tanypodinae have
been collected from the study streams (Wallace et al. 1991),
but 7 dominant genera represent >80% of their abundance
(see Huryn 1990).

Tallaperla spp. (Plecoptera: Peltoperlidae) larvae were
chosen as representative K-selected taxa (i.e., slow growth
and low reproductive rates). These stoneflies exhibit slow
growth rates (e.g., O’Hop et al. 1984; Johnson et al. 2003),
have relatively long larval life spans (~540 d), and account
for a significant proportion of the abundance and biomass of
the study stream communities (Lugthart and Wallace 1992;
Wallace et al. 1999; this study). Tallaperla spp. are func-
tionally classified as leaf-eating shredders (Merritt and Cum-
mins 1996), although early instars may feed on amorphous
detritus (Cross pers. obs.). Up to four species of Tallaperla
spp. potentially co-occur in Coweeta headwater streams: 7.
maria, T. anna, T. cornelia, and T. elisa (Huryn and Wallace
1987; Stewart and Stark 2002), although 7. maria tends to
predominate. These species are indistinguishable as larvae
but share the same semivoltine life cycle.

Methods

Study site and experimental enrichment—This study was
conducted in two adjacent headwater streams (draining
catchments [C] 53 and 54) at the Coweeta Hydrologic Lab-
oratory, Macon County, North Carolina (see Swank and
Crossley 1988). Forest vegetation is dominated by mixed
hardwoods (primarily oak, maple, and poplar) and a dense
understory of Rhododendron maximum, which shades the
streams throughout the year. Headwater streams at Coweeta
are extremely heterotrophic, and allochthonous inputs of de-
tritus provide >90% of the energy base for microbial and
invertebrate production (Wallace et al. 1997; Hall et al.
2000). The streams used in this study have very similar
physical and chemical characteristics (i.e., watershed area,
slope, elevation, discharge, and temperature) (see Lugthart
and Wallace [1992] for more detail) but differ (since July
2000) in their concentrations of dissolved N and P as a result
of our experimental nutrient enrichment of C54. Natural con-
centrations of inorganic N and P in these streams are very
low ((NO,-N + NO,)-N: 16.9 * 5.2 [mean * SE] ug L™!
[n = 33; range = 4-40]; NH,-N: 104 £ 29 ug L' [n =
33; range = below detection, —30]; soluble reactive phos-
phorus [SRP]: 3.7 * 0.8 ug L~! [» = 33; range = below
detection, —227).

Starting in July 2000, nitrogen (NH,NO;) and phosphorus
(K,HPO, and KH,PO,) were dripped continuously along the
entire length of the treatment stream (C54) with a solar-
powered metering pump to increase the concentrations of
dissolved inorganic N and P to ~5-10X background levels
while keeping streamwater N:P ratios relatively constant
(see Gulis and Suberkropp [2003] for a description of the
nutrient drip apparatus). Concentrations of (NO; + NO,)-N,
NH,-N, and SRP were measured biweekly at the weir of the
reference stream and at several locations in the treatment
stream (American Public Health Association 1998). Water
temperature was monitored every 30 min throughout the
study in both streams (Suberkropp unpubl. data) with Optic
StowAway temperature probes (Onset Computer Corp.).
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Growth rates—In situ daily growth rates (mg mg~' d-?)
of chironomids and Tallaperia spp. were quantified on a
seasonal basis in both streams following methods developed
by Huryn and Wallace (1986) and Huryn (1990). Chirono-
mid growth rates were measured between November 1999
and July 2002 (» = 10 seasons; 3 before treatment and 7
during treatment), and Tallaperla spp. growth rates were
measured between November 1999 and November 2001 (n
= 8 seasons; 3 before treatment and 5 during treatment).

During each season, larvae were handpicked from leaf
litter and FPOM that were collected in nearby undisturbed
Coweeta headwater streams. Body length was measured to
the nearest 0.01 mm under a dissecting microscope fitted
with an ocular micrometer, and larvae were separated into
1-mm size classes irrespective of species identity. In general,
seasonal incubations consisted of three distinct size classes
of chironomids and two to four size classes of Tallaperla
spp. in each stream.

Groups of larvae ‘within a given size class were placed
into partially submerged triangular growth chambers con-
structed of Plexiglas and Nitex mesh (base: 20 X 20 X 14
cm; sides: 16-cm height, described by Huryn and Wallace
[1986]). The mesh size of chambers (63 wm) was small
enough to prevent immigration or emigration of stream in-
vertebrates but sufficiently large to allow entry of FPOM in
the size range used by most chironomid larvae in Coweeta
streams. Larval densities in chambers (chironomids: 990—
7,180 m~2, Tallaperia spp.: 380-3,055 m~?) fell within the
range of naturally occurring densities of chironomids and
were slightly higher than natural densities of Tallaperla spp.
in the study streams (Lugthart et al. 1990; Wallace et al.
1999; this study). On occasion, two widely disparate size
classes of Tallaperla spp. were placed in the same growth
chamber to increase the number of size-specific growth es-
timates during a given season. Because these size classes
were easily distinguishable, growth rates could be estimated
separately.

At the beginning of growth incubations, 8—-10 leaves col-
lected from each stream were rinsed to remove invertebrates
and placed in each of the chambers. Leaves placed in the
chambers represented a mixture of species readily available
during the time of incubation. The most commonly used leaf
types were maple (dAcer spp.), beech (Fagus granifolia
Ehrh.), oak (Quercus spp.), R. maximum, yellow poplar (Lir-
iodendron tulipifera L.), and dogwood (Cornus florida L.).
Efforts were made to keep leaf species relatively constant
among chambers and between streams.

Growth incubations lasted ~1-2 weeks for chironomids
and ~2 months for Tallaperla spp. Leaves were replaced
halfway through Tallaperia spp. incubations to prevent food
- limitation of larvae. At the end of growth incubations, larvae
were preserved in Kahle’s solution (Stehr 1987). Final body
lengths of preserved individuals were measured as described
above. Initial and final lengths were converted to biomass
estimates (ash-free dry mass [AFDM)]) using previously es-
tablished length-mass regressions for these taxa (Benke et
al. 1999). Size-specific daily growth rates (g) were calculated
as g = (In M, — In M)/t, where M, is the mean final AFDM
of surviving larvae, M, is the mean initial AFDM of larvae
introduced into chambers, and ¢ is the duration of the incu-

Cross et al.

bation in days. Linear equations were derived from relation-
ships between In(initial lengthfmm]) and daily growth rate.
This assemblage-based method of estimating growth rates
assumes that changes in the average weight of similarly
sized mixtures of species accurately reflect size-specific
growth rates of the entire taxonomic group (Huryn and Wal-
lace 1986). Larval mortality was calculated as the percentage
of initial numbers in each chamber missing or obviously
dead at the end of each incubation. Food was always pro-
vided in excess during growth incubations to control for food
quantity; thus, between-stream differences in growth were
viewed as a test for effects of food quality.

Benthic sampling and secondary production—Quantita-
tive benthic sampling was conducted monthly in each stream
for 4 yr between September 1998 and August 2002. Each
month, samples were taken in two distinct stream habitats
(i.e., mixed substrate [cobble, pebble, gravel, sand, silt] and
bedrock outcrops, following Lugthart and Wallace [1992]).

Benthic samples were brought to the laboratory, refrig-
erated, and processed within 24 h. Samples were rinsed onto
nested metal sieves (pore sizes = 1 mm and 250 um), and
material retained on each sieve was elutriated to scparate
organic from inorganic material. Organic material was then
preserved separately for each size fraction (i.e., from 250
pm to 1 mm and >1 mm) with formalin solution (6-8%).
All invertebrates were removed from the >1-mm fraction by
handpicking under a dissecting microscope at X15 magni-
fication. Organic material in the smaller size fraction (from
250 um to 1 mm) was subsampled (1/8 to 1/64 of whole
samples) (Waters 1969), and animals were removed from
subsamples with a dissecting microscope at X15 magnifi-
cation. The amounts of leaf litter and FPOM (i.e., food re-
sources) in each sample were also quantified according to
Lugthart and Wallace (1992). Although these food resource
data are used in calculations presented below, the detailed
methodology and time-series results are presented elsewhere
(Cross 2004).

All non-Tanypodinae chironomids and Tallaperla spp.
were counted, and their body lengths were measured to the
nearest millimeter using a graduated microscope stage. Bio-
mass (mg of AFDM) of individual larvae was determined
with length-mass relationships as described above, and total
biomass per square meter was calculated for each sample.
Secondary production was estimated for each sampling in-
terval (i.e., interval production, P,,) using the community-
level instantaneous growth method (Huryn and Wallace
1986; Benke 1993). All sampling intervals were roughly 1
month. Interval production (mg AFDM m~2 interval~!) was
calculated as follows: P, = %, ,,, ([Bi+, + Biy)/2) X g
X d, where n = 1-mm size classes, B,,,,, = mean larval
biomass of size class i at sampling interval 7 + 1, By, =
mean larval biomass of size class i at sampling interval ¢, g;
= size-specific instantaneous growth rate, and d = number
of days in the interval. Annual production was calculated as
the sum of all P, values for a given year. Size-specific
growth rates were obtained from empirically derived linear
growth equations described above. Habitat-weighted values
of larval abundance (no. m~2), biomass (mg AFDM m™),
and interval or annual secondary production (mg AFDM m™2

























