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Responses of chlorophyll-a, organic matter, and
macroinvertebrates to nutrient additions in rivers
flowing through agricultural and forested land

Lynda D. Corkum’
University of Windsor, Canada

With 10 figures and 5 tables in the text

Abstract: I conducted field studies to determine if chlorophyll-a, organic matter, and
macroinvertebrates would respond to nutrient changes in rivers in agricultural and for-
ested areas of the Eastern Deciduous Forest in southwestern Ontario, Canada. Nutri-
ent manipulations were examined using nutrient diffusing substrates (NDS) modified
to permit independent sampling units, Results of a 5-6 week field experiment con-
ducted in three forested and three agricultural rivers during mid-summer showed that
concentrations of chlorophyll-a colonizing NDS varied among rivers and between
land use types. As expected, concentrations of chlorophyll-a were higher in rivers
flowing through agricultural than forested rivers. Variation among rivers within land
use type was greater than between land use types in terms of organic matter and
invertebrate responses Lo nutrient amendments. The NDS that were spiked with phos-
phate contained consistently higher quantities of phosphate than control or nitrate
treatments after incubation. There were no significant differences in nitrate concentra-
tions in NDS among treatments after incubation. Chironomids were the most abun-
dant invertebrates that colonized NDS. Of the organisms examined, only one taxon
(Tipulidae) appeared to be phosphate limited in forested rivers. Changes in the macro-
invertebrate community would be expected after sustained additions of nutrients. The
lack of significant differences between macroinvertebrates inhabiting natural rocks
and those colonizing control NDS suggests that similarly designed substrata could be
used to monitor macroinvertebrates in microhabitats.

Introduction

Hydrological features, riparian vegetation, characteristic climax vegetation of
biomes and land use practices within drainage basins all interact to account for
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distributional patterns of lotic macroinvertebrates (Corkum 1989, 1992 a).
However, less is known about the effects of nutrient limitation on algal bio-
mass and invertebrate activity in rivers that flow through different land use
areas. Typically, more nutrients are released into receiving waters from crop-
lands than from forested areas (LIKENS & BORMANN 1974). Nutrient release
from croplands varies with runoff, farming method, and crop type (JORDAN et
al. 1986, SHARPLEY et al. 1992). Nutrient release from forests varies with age
of forests, amount of disturbance and time since last disturbance (BORMANN &
LIKENS 1979). Although land use within a drainage basin influences productiv-
ity of receiving waters (CORKUM 1992 a), the transfer rate of materials and nu-
trients can be altered by riparian vegetation (SCHLOSSER & KARR 1981), which
may take up or filter nutrients from surface water running off croplands into
river channels (JORDAN et al. 1986).

Few studies have compared linkages among nutrients, periphyton and pro-
ductivity in forested and open channel reaches (TROELSTRUP & PERRY 1989);
however, nutrient limitation of periphyton has been shown in many streams
(STOCKNER & SHORTREED 1978, Erwoon et al. 1981, BorHweLL 1985,
GriMM & FISHER 1986, PRINGLE 1987). WINTERBOURN (1990), using nutrient
diffusing substrates (NDS) in one New Zealand river, showed that periphyton
biomass and chironomid density increased with added nutrients; more peri-
phyton and grazers colonized NDS placed in open river sites than in forested
sites. Chlorophyll-a, algal accumulation and biovolume are all greater in
streams with an open versus closed canopy (Lowe et al. 1986). However,
WINTERBOURN (1990) showed that algal assemblages were nutrient limited at
both open and forested sites along a stream.

Several in-situ methods have been used to study direct effects of nutrient
enrichment in rivers including whole stream enrichment (HUNTSMAN 1948,
WAaRREN et al. 1984, ELwoop et al. 1981) and flow-through systems (STock-
NER & SHORTREED 1978, BOTHWELL 1988, MuNDIE et al. 1991). Additions of
inorganic nutrients to rivers have been shown to increase chlorophyll-a con-
centrations tenfold; diatoms, a common food source for stream invertebrates
dominated the algal biomass (PERRIN et al. 1987, MUNDIE et al. 1991). Jonn-
STON et al. (1990) demonstrated a three to fivefold increase in invertebrate
standing stock in whole river fertilization studies.

In this study, I randomly selected three rivers in both agricultural and for-
ested areas of the Eastern Deciduous Forest of Ontario, Canada. Nutrient dif-
fusing substrates, with and without nitrate and phosphate additions, were used
to compare colonization of periphyton (chlorophyll-a), organic matter, and as-
sociated macroinvertebrates in rivers within each land use type. Because nutri-
ent limitation is often greater in receiving waters of forested than agricultural
areas (LIKENS & BORMANN 1974), I expected organisms to exhibit a greater
response to nutrient enriched NDS in rivers flowing through forests than farm-
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Table 1. Mean annual (+£S.E.) levels of nutrients in agricultural (Avon, North Thames,
Maitland) and forested (Beaver, Credit, Saugeen) rivers for total phosphorus (TP),
soluble reactive phosphate (SRP), and the sum of nitrates and nitrites. Values were
based on monthly samples obtained in 1990 from the Ontario Ministry of Environment
and Energy. N.D. = no data available.

River TP SRP NO;+NO,
(ng/L) (ug/L) (mg/L)

Avon 59.3(1.4) 21.6 (0.4) 5.761 (0.746)
North Thames 14.2 (0.5) 11.7(1.2) 7.972(0.918)
Maitland 37.3 (1.0) 3.9 (0.4) 3.806 (0.672)
Beaver 11.7 (1.0) 3.5(03) ND
Credit 25.8 (0.6) 2.9(0.3) 1.121 (0.153)
Saugeen 9.3(0.7) 2.1 (0. 1} 0.340 (0.037)

lands. T also expected periphyton and their macroinvertebrate grazers (o re-
spond only to phosphate treatments since phosphate is more limiting than ni-
trate in rivers of this region (Ontario Ministry of Environment and Energy, un-
published data; Table 1).

Materials and methods

Study area

I conducted a field experiment to determine if macroinvertebrates would respond to
nutrient additions in rivers of deforested and forested areas of the Eastern Deciduous
Forest in southwestern Ontario. Because of extensive agricultural and urban develop-
ment in the region, there are no drainage basins that are entirely forested. Accordingly,
1 classified forested land use areas as those with mature trees both in the river valleys
and extending along the above plateaus, One site on each of three rivers flowing
through agricultural (Avon, Maitland, North Thames) and forested (Beaver, Credit,
Saugeen) areas was selected for study (Table 2). Rivers were selected randomly within
each land use area of southwestern Ontario, but sites were selected on the basis of road
access and water depth. I needed to be able to wade through the rivers to sample them.

Table 2. Physical description of the sample sites on each of the six rivers.

River Depth (cm)  Current velocity  River Overhanging Dominant
MeantS.E. (ms™') width (m)  wvegetation (%)  substrate

Agricultural

Avon 3141 0.10 12 0 silt/sand

Maitland 4449 0.09 26 0 cobbles/gravel/sand

North Thames  18%1 0.17-0.27 51 0 boulder/cobble/gravel/silt
Taorested

Beaver 31+4 0.91-0.96 14 5-8 cobble/pebble/gravel/sand

Credit 34x1 0.40-0.67 185 20 cobble/pebble/gravel/sand

Sangeen 1642 0.17-0.34 13 3 boulder/cobble
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Nutrient diffusing substrates (NDS)

To investigate the colonization of nutrient enriched patches in rivers, I used NDS mod-
ified from PRINGLE & BOWER's (1984) sand-agar nutrient mixtures and WINTER-
BOURN's (1990) plastic cups with agar and netting. Each NDS was assembled using a
polystyrene petri dish (diameter of dish bottom =~ 8.7cm, height = 1.3¢m). A single 12-
cm strand of 20 gauge wire was heated in a flame and then inserted from the outside
edge of the bottom dish, across and through the opposite side of the dish. A second
length of wire was inserted across the bottom of the dish, perpendicular to the first
wire. Needle-nose pliers were used to bend the wire into | em diameter loops protrud-
ing from the outside edges.

The dish bottom was filled with a mixture of warm agar solution (2 %e) and nutri-
ents depending on the particular treatment. The four treatments examined were control
(C) = agar, nitrate (N) = 0.5M NO; - L™ + agar, phosphate (P) = 0.5M PO, L' + agar,
nitrate and phosphate (N+P) = 0.5M NO;-L ' + 0.5 M PO;- L™ + agar. Nitrates and
phosphates were added as NaNO; and K>HPO,, respectively (cf. PRINGLE & BowErs
1984). The NDS with N+P treatment required more agar (8 %) to solidify the coloniz-
ing medium. The increasin & agar concentration had no noticeable effect on nutrient re-
lease (CorkUM, unpubl. data).

Once the agar had cooled and solidified, a circle of nylon netting (250 um mesh)
was cut and placed on the agar surface. A petri dish cover (with a 50 cm? hole in the
centre) was placed over the netting on the agar-filled bottom and secured with hot
glue, The area of exposed nettin g served as a colonization surface once the NDS were
positioned in the river.

Two 50-cm lengths of heavy (16 gauge) wire were used to secure each NDS (o the
riverbed. In soft bottom areas, the wires were bent into an inverted U shapes so that
each end could be inserted into one of the loops of a NDS and pushed far enough into
the substrate that the NDS sat on the substrate surface. In riverbeds with coarse sub-
strates, the wire could be wrapped around large cobbles to secure NDS.

The main advantage of this NDS design was that each unit could be randomly
placed and secured on the streambed. In addition, the netting used for colonization
could be easily cut with scissors into sectors for analysis.

Study design

A four factor, mixed-model ANOVA design was used to examine the effect of land
use. rivers within land use, nitrate, phosphate and the interaction of these factors on
chlorophyll-a, macroinvertebrate density, and organic matter (measured as loss on ig-
nition), In this model, rivers were randomly selected, but all other factors (land use, ni-
trate, phosphate) were fixed.

Forty NDS (10 Control, 10N, 0P, 10 N+P) were positioned randomly in a grid
pattern (4 columns X 10 rows) in each river. The incubation period for the NDS in each
of the six rivers was five-six weeks beginning 2-9 August 1990, The NDS were in-
cubated in agricultural rivers for 37-43d and in forested rivers for 40-45d. Various
physical features of the sample site were recorded (Table 2). Current velocity was
measured at the upstream and downstream locations of the grid.
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Fig. 1. Photograph of a nutrient diffusing substrate retrieved from river after 5 weeks
of incubation.

On the date of removal, NDS were retrieved individually (Fig. 1) beginning at the
downstream row of a grid and moving upstream. Each NDS was placed immediately
in a polyethylene (“ziploc®”) bag, sealed and then placed on dry ice. In addition, six
natural rocks that were similar in size to the NDS were retrieved to compare the ma-
croinvertebrate fauna that had colonized the NDS with natural substrates, In the labo-
ratory, the surface area of each rock was calculated once organisms were removed. In-
dividual rocks were wrapped in aluminum foil and the area of a rock was determined
using a planimeter to measure a photocopied impression of the foil.

Comparisons were made between macroinvericbrate densities in rivers located
in agricultural versus forested arcas and between fauna that colonized natural rocks
versus control NDS using Hotelling’s T test, A two-way (nitrate and phosphate)
MANOVA was used to determine the influence of nutrients on the macroinvertebrate
community composition.

Laboratory procedures

In the laboratory, petri dishes were thawed and disassembled. The colonized 250 um
netting was removed from the surface of the agar and cut into quarter sections
(12.5¢m?) so that the macroinvertebrates, chlorophyll-a, and organic matter could be
analysed (a fourth section was retained in reserve). Macroinvertebrates were sorted
from the periphyton and identified to the familial level using a dissecting microscope
(12x). Use of a coarse taxonomic designation is justified when benthic distributional
patterns are sought on a large geographic scale (CORKUM 1992 a). Photosynthetic pig-
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ments were extracted in acetone to provide an indicator of algal biomass (WINTER-
BOURN 1990), Chlorophyll-a concentration was determined using an acetone extraction
method that used intensity differences detected by spectrophotometer readings (GoL-
TERMAN & OHNSTAD 1978). Organic matter (loss on ignition, LOI) was determined by
measuring the difference between ashed and oven-dried samples. All adhering mate-
rial, organisms and detritus, was air dried for 24 h, oven dried (103°, 24 h), weighed,
ashed (550 + 25°C, 1h) and reweighed. A correction factor was subtracted for the mass
of the netting.

The concentrations of nitrate and phosphate remaining in the agar of NDS were
measured directly from subsamples of the agar (3 replicates per NDS, 4 NDS per treat-
ment). The agar (5 mL) was sampled using an acid-washed, cut-off, polystyrene, dis-
posable syringe (1 cm diameter). Clean syringes were used for each NDS. Concentra-
tions of nutrients were analysed using standard methods (APHA 1985). The molybde-
num blue technique was used to assay phosphate; the cadmium reduction technique
was used for nitrate.

Resulits

Concentrations of PO, and NO; in the agar of NDS after incubation in
rivers

The concentrations of PO, and NO; remaining in the agar of NDS after river
incubation are presented in Figs. 2 and 3, respectively. Results of the 4-way.
mixed-model ANOVA revealed that there were significant differences in phos-
phate concentrations remaining in the agar among rivers (P<0.001) and three
interactions terms (land use x phosphate, land use X nitrate X phosphate, ni-
trate X phosphate) (Table 3). The significant interaction effects between land
use and nutrients were observed in treatments (P, N+P) that exhibited higher
phosphate concentrations in agricultural than forested rivers (Fig. 2). The NDS
that were spiked with phosphates in agricultural rivers contained consistently
higher quantities of phosphates than either control or nitrate treatments.

Although there were significant differences in nitrate concentrations
among rivers (Fu g4y = 8.59, P<0.001), there were no significant differences in
nitrate concentrations for any other main effects or interactions. Apparently,
agar attracts or absorbs nitrates from the water column of rivers, obscuring any
differences among treatments.

Factors affecting chlorophyll-a, LOI, and total macroinvertebrate
density

Results of three, 4-way mixed model ANOVA tests were used (o examine the
effects of land use, rivers nested within land use, nitrate, phosphate, and the
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Fig. 2. Mean + SE. of POy concentration (mg/L) in agar of the NDS after retrieval
from the six rivers. Three replicates per NDS and 4 NDS per nutrient treatment (C, N,
P, N+P) were analysed. Open bars represent samples from agricultural sites: hatched
bars represent samples from forested sites.

interaction of these factors on I) chlorophyll-a, 2) loss on ignition (LOI), and
3) total macroinvertebrate density obtained from the netting on the incubated
NDS.

Differences between land use and among nvers significantly influenced
concentrations of chlorophyll-a associated with the NDS (Table 4, Fig. 4). As
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Fig.3. Mean & S.E. of NOj concentration (mg/L) in agar of the NDS after retrieval
from the six rivers. Three replicates per NDS and 4 NDS per nutrient treatment (C, N,
P, N-+P) were analysed. Open bars represent samples from agricultural sites; hatched

bars represent samples from forested sites.

expected, concentrations of chlorophyll-a were higher in rivers flowing
through agricultural than forested areas. In agricultural areas, chlorophyll-a
concentrations were higher in the Avon and North Thames rivers than in the
Maitland River. In forested areas, chlorophyll-a concentrations were higher in
the Credit River than in the Beaver or Saugeen rivers.




Stream response to nutrient addition 399

Table 3. Summary results of the mixed model ANOVA sources of variation on phos-
phate concentrations remaining in the agar of the NDS after a 5-6 weck incubation
period in rivers. Rivers were randomly selected within each land use type. Other main
sources of variation were fixed., F; (land use) = MS (land use)/MS (rivers); F, Nadd =
MS (Nadd)/MS (Nadd x Padd); F, Padd = MS(Padd)/MS (Nadd x Padd); F, (other vari-
ables) = MS ( group)/MS (error). NS = not si gnificant at the 0.05 level.

Source of variation df MS F P

Land use 1.4 15.8994 3.44 NS
Rivers 4,84 4.6196 13.35 <0.001
Nitrates added (Nadd) 1,1 7.2306 2,12 NS
Phosphates added ( Padd) 1,1 65.6459 19.25 NS
Land use x Nadd 1.84 0.2603 0.75 NS
Land use x Padd 1,84 6.4908 18.76 <0.001
Nadd xPadd 1.84 3.3410 9.86 <0.005
Land use x Nadd x Padd 1,84 1.7104 4.94 <0.05
Error 84 0.34599

Table 4. Summary of significant effects of land use, rivers nested within land use, ni-
trates, phosphates and their interaction on chlorophyll-a. loss on ignition (LOI), and to-
tal macroinvertebrate density.

Dependent variable Source of variation df F P
Chlorophyll-a Land use 1.4 14.79 <0.025
Rivers 4,185 97.18 <0.001
LOI Rivers 4,185 19.70 <0.001
Phosphates L1 331.94 <0.05
Total density Rivers 4,185 61.44 <0.001

There were significant differences in amounts of organic matter as indi-
cated by LOI among rivers and nutrient treatments with phosphate (Table 4).
There also were significant differences in total macroinvertebrate densities
among rivers (Table 4). Within each river, only Maitland and Saugeen showed
evidence of nutrient limitation on organic matter (Fig. 5) and almost no indica-
tion of nutrient effects on macroinvertebrate density (Fig. 6). There is little
difference in macroinvertebrate density among rivers with the exception of the
Avon, which is high (Fig. 6).

Chironomidae

Chironomid larvae dominated the benthic invertebrate fauna on both natural
substrates (80.6 %o of 10,250 organisms per 10° cm?) and NDS (68.6 % of
27,468 organisms per 10’ cm?). Although chironomid density did not vary be-
tween land use types, among nutrient treatments or interactions, density of the
midges differed significantly among rivers (F, ;, = 64.83, P <0.001). Highest
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Fig.4. Mean + S_E. of chlorophyll-a (ug/cm?) obtained from the netting of NDS after
retrieval from the six rivers. Numbers above the error bars of each nuirient treatment
(C. N, P, N+P) indicate the number of NDS retrieved from each river. Open bars rep-
resent samples from agricultural sites; hatched bars represent samples from forested
sites.

chironomid density on control NDS (3,020 per 10°cm?) occurred in the Avon
River (Table 5). The fine substrate of the Avon River matched the colonizing
surface of the NDS and was more suitable to grazing chironomid habits than
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Fig. 5. Mean + S.E. of organic matter [loss on ignition (LOI) (mg/12.5 cm?)] obtained
from the netting of the NDS after retrieval from the six rivers. The numbers above the
error bars of each nutrient treatment (C, N, P, N+P) indicate the number of NDS re-
trieved from each river. Open bars represent samples from agricultural sites: hatched
bars represent samples from forested sites.

the coarse, heterogeneous substrates in other rivers. Higher chironomid den-
sity retrieved from natural substrates occurred in the Avon, Credit, and Sau-
geen rivers than in the other three rivers (Table 5).
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Table 5. Mean and (standard error) of chironomid density (number/10? cmz) retrieved
from natural substrates (rocks) and NDS (control. C: nitrate. N: phosphate, P; ni-
trates+phosphates, N+P) in agricultural (Avon, Maitland, North Thames) and forested
(Beaver, Credit, Saugeen) rivers. n = number of samples retrieved.

Substrate type

Rivers Rocks C N P N+P
Avon Mean 1800 3020 3470 2830 2844
S.E. (662) (615) (484) (600) (646)
n 6 9 10 10 10
Maitland Mean 982 140 216 120 328
S.E. (260) (41) (52) (41) (93)
n 6 8 10 10 8
North Thames Mean 808 415 271 391 354
S.E. (179) (104) (67) (84) (75)
n 6 8 7 7 9
Beaver Mean 488 484 366 469 402
S.E. (128) 71 (73) (24) (55)
n 6 9 7 7 10
Credit Mean 2100 463 405 612 332
S.E. (358) (86) (74) (48) (101)
n 6 7 9 4 5
Saugeen Mean 2086 216 156 246 284
S.E. (255) (38) (24) (40) 30
n 6 10 10 10 lQ

Comparison of macroinvertebrates between natural rocks and
control NDS

Macroinvertebrates, excluding chironomids, that comprised the most abundant
10 taxa from each of the six rivers were compared between natural rocks and
control NDS in forested and agricultural land use areas. Twenty-one depend-
ent variables (taxa) were examined (Figs. 7 and 8). I used the multivariate Ho-
telling’s T° procedure to test whether both groups (natural rocks and control
NDS) had equal means for all variables.

In forested areas, there was no overall significant difference between the
density of macroinvertebrates that occupied rocks and those that occupied
control NDS (Hotelling’s TZ = 6.57, P = (0.806, Fig. 7). However, there were
significant differences for taxa that occurred only on rocks (Tricorythidae, P =
0.016; Caenidae, P = 0.016; Hydroptilidae, P = (.029: Psephenidae, P = 0.028:
Ceratopogonidae, P = 0.016) and only on control NDS (Turbellaria, P = 0,16;
Oligochaeta, P = 0.031). Hydracarina (mites) occurred more often on rocks
than the control NDS (P = 0.034); whereas Helicopsychidae occurred more
often on control NDS than rocks.
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Fig.6. Mean + S.E. of macroinvertebrate density (number per 12.5 cm?) obtained from
the netting of NDS after retrieval from the six rivers, Numbers above the error bars of
each treatment (C, N, P, N+P) indicate the number of NDS retrieved from each river.
Open bars represent samples from agricultural sites; hatched bars represent samples
from forested sites.

In agricultural areas. there was no overall significant differences between
numbers of macroinvertebrates occurring on rocks and control NDS (Hotel-
ling’s T% = 7.54, P = 0.781, Fig. 8). Significant differences occurred between
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Fig.7. Mean (* S.E.) densities of macroinvertebrates (excluding chironomids) re-
trieved from the control NDS and natural rocks from rivers that flowed through for-
ested land. * Indicates those taxa that occurred only on one of the two substrate types.

these two substrate types for four taxa. Heptageniidae (P = 0.016), Helicop-
sychidae (P = 0.017) and Tipulidae (P = 0.017) occurred only on rocks; Sphae-
riidae (P = 0.045) occurred only on control NDS.

There was no overall significant difference in numbers of organisms that
inhabited rocks in the two land use areas (Hotelling’s T? = 2.08, P = 0.950.
Figs. 7 and 8). When individual taxa were considered, Sphaeriidae (P = 0.016)
inhabited rocks only in forested rivers and mites occurred on rocks in forested
rivers significantly more often than in agricultural rivers (P = 0.040). Pulmo-
nata (P = 0.016) and Turbellaria (P = 0.016) occurred on rocks only in agricul-
tural rivers. As expected, burrowing Oligochaeta were not found on rocks.

There was no overall significant difference between numbers of macroin-
vertebrates that occupied control NDS in the agricultural and forested land use
types (Hotelling’s T* = 81.60, P = 0.319, Figs. 7 and 8). Significant differences
were observed for some taxa. Helicopsychidae (P = 0.016) and Tipulidae (P =
0.042) occupied the control NDS only in forested areas. Three taxa (Trico-
rythidae, P = 0.016; Psephenidae, P = 0.016; Ceratopogonidae, P = 0.016) in-
habited only those control NDS that were incubated in agricultural areas. The
microcaddisfly, Hydroptilidae. was never found on control NDS.
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Comparison of macroinvertebrate taxa among nutrient treatments
within each land use type

A MANOVA was used to determine if macroinvertebrate composition differed
among nutrient treatments. For example, did a taxon (or taxa) colonize any
one treatment more than another? Twenty-one taxa (dependent variables) were
compared simultaneously. The data were analysed separately for each land use
type.

Overall, macroinvertebrate composition did not differ among nutrient treat-
ments flowing through forested arcas (Fig. 9). Neither the mayfly, Caenidae,
nor the caddisfly, Hydroptilidae, which were common on natural stones, colo-
nized any of the NDS. The density of one taxon, Tipulidae (the cranefly, An-
tocha), was significantly greater (P = 0.051) on NDS that were spiked with
phosphate (P, N+P) than on other treatments (C, N).

In agricultural rivers, there were no overall significant differences in ma-
croinvertebrate composition among treatments when all taxa (dependent varia-
bles) were combined (Fig. 10). Tipulidae (craneflies), however, were absent
from all NDS in rivers flowing through farmlands. Also, there were no signifi-




406 LyndaD. Corkum

'_‘ 1 L}

T T

Mean density (no. per 10% cm?)

[ Nitrogen + Phosphorus |

. @ —.ﬁ.ﬁq——ﬂﬁ.

] o
PRI S O %S
'4/0;',7/ @% @}- % ,?;?é}’o 6\ (/ 4;062'/’?0@,??‘7@ \96\ % A/S,

Fig.9. Mean (£ S.E.) density of macroinvertebrates (excluding chironomids) retrieved
from the four NDS treatments incubated in rivers that flowed through forested land.

cant differences in any single taxon occurring on NDS in which PO, or NO;
were added either alone or in combination.

Discussion

In this study, I examined the concentrations of both phosphate and nitrate re-
maining in the agar of the NDS that were incubated in agricultural and for-
ested rivers for 5—-6 weeks. Although there were significant differences among
rivers in both phosphate and nitrate concentrations remaining in the agar of
NDS, no other main effects altered these nutrient concentrations significantly.
However, significant interaction effects of land use and nutrients were ob-
served. There were higher concentrations of phosphate in NDS retrieved from
agricultural than forested rivers (Fig. 2). This difference in phosphate concen-
trations may be attributed to flow conditions between the different land use
areas (Table 2). Specifically. the elevated current velocities in the forested riv-
ers may have “washed” phosphates from the NDS. PRINGLE (1987) noted that
the nature of the algal composition and gelling of agar may interfere with nu-
trient treatments. In this study, the NDS attracted nitrate from the water col-
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umn such that by the end of the study, there were no significant differences
among the nutrient treatments.

Chlorophyll-a is an estimate of living algal biomass; LOI is a measure of
living and dead organic matter (i.e., algal biomass and detritus) from a variety
of sources. Detritus may originate from vegetation within the drainage basin,
bank erosion and inputs from upstream and instream algal or macrophyte pro-
duction (CorkuM 1992 b). CorkUM (1992 b) showed that detritus was signifi-
cantly correlated with total macroinvertebrate density in rivers within the East-
ern Deciduous Forest.

Since chlorophyll-a and LOI represent different measures, the responses by
these variables to nutrient enrichment and landscape features were expected to
differ. Study results revealed that concentrations of chlorophyll-a differed
among rivers and between land use types. Total organic matter associated with
NDS was phosphate limited and differed among rivers. Since the river chan-
nels of agricultural areas were open (i.e. unshaded), it was not surprising that
chlorophyll-a concentrations were higher in agricultural rivers than in forested
rivers (Fig. 4). In this study, nutrient treatments had no effect on chlorophyll-a
associated with the NDS. Although nutrient limitation of epilithic algae has
been shown in many watersheds and on different continents (Grimm & Fis-
HER 1986; WINTERBOURN 1990), this was not the case in the present study.

Regardless of the nutrient enrichment technique used, it is not surprising
that nutrient enrichment elicits noticeable responses by the benthic commu nity
owing to the higher than natural levels used in the experimental treatments
(MULHOLLAND et al. 1991). The effect of nutrients may decline with time be-
cause of the diffusion and subsequent dilution of nutrients into the surrounding
medium or to the effects of herbivores grazing on the attached algac or peri-
phyton. Herbivory may regulate the periphyton community by depleting algal
standing crop (GREGORY 1983, MUNDIE et al. 1991) or by returning nutrients
assimilated by the algae back to the water (NEWBOLD et al. 1982).

There were no differences in macroinvertebrate density in rivers flowing
through different land use areas, yet total macroinvertebrate density varied sig-
nificantly among rivers. Chironomids were the most abundant invertebrates
that colonized the netting of the NDS, but their numbers did not differ among
nutrient treatments. However, increased abundance of chironomids in re-
sponse to enrichment has been observed by others (WINTERBOURN 1990,
MUNDIE et al. 1991). WINTERBOURN (1990) suggested that the netting of NDS
trapped particles, facilitating the tube making habits of midges. Enhanced pop-
ulations of chironomids having short life cycles could contribute to trophic re-
lationships uniformly.

There were few significant differences in density of specific taxa among
nutrient treatments in rivers flowing through either agricultural or forested
areas. Only one taxon, Tipulidae, was apparently phosphorus limited (P =




Stream response to nutrient addition 409

0.051) in forested rivers (Fig. 9). MUNDIE et al. (1991) compared the responses
of stream periphyton and benthic insects to increases in dissolved inorganic
phosphorus over seven weeks. Numbers of individuals emerging from treat-
ments were more than twice those from controls and most (77 %) were chiro-
nomids. These authors suggested that changes in benthic insects would be
most apparent after sustained levels of available food (3—4 months of nutrient
additions). Similarly, if levels of nutrients had been sustained throughout the
incubation period in the present study, a more significant response by benthos
to nutrient enrichment would have been anticipated.

Study results showed that there was no overall significant difference be-
tween numbers of macroinvertebrates that occurred on natural rocks and num-
bers colonizing control NDS in either agricultural or forested rivers. Since sig-
nificant differences did occur between substrate types for selected taxa and
given the relatively low level of replication (n = three rivers per land use), ad-
ditional studies with continuous nutrient enhancement are warranted. Never-
theless, an advantage of the particular type of NDS that I used is that the con-
trol NDS (or similarly designed substrata) could be used as artificial substrates
in habitats that may be difficult to sample using either natural or standardized
artificial substrates (e.g., multiple-plate or basket-type samplers). The small
size of the NDS relative to other artificial substrate samplers would be advan-
tageous in many microhabitats.

In this study, rivers were selected randomly within each land use type. If
one wished to maximize the chances of finding differences between land use,
one could have selected rivers in completely wooded basins for comparison
with rivers flowing through farmlands exhibiting the same agricultural crop. In
selecting rivers randomly, I wanted to establish a more rigorous test of land
use affinity, but in doing so, the variability exhibited among rivers may have
masked differences in taxonomic composition. Regardless, it is clear that chlo-
rophyll-a concentrations on NDS were higher in agricultural rivers than in for-
ested rivers. Although macroinvertebrates did not discriminate between land
forms, one taxon (Tipulidae) was phosphate limited in forested rivers.
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