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Abstract A suite of exoenzyme activities was
assayed in three New Zealand streams draining
pasture, native forest, and a pine catchment. There
were differences among catchments in activity of
three of the five enzymes assayed (cello-
biohydrolase, N-acetylglucosaminidase, and
dihydroxylphenylalanine oxidation). A principal
components analysis (PCA) demonstrates that
patterns of enzyme activity can be used to separate
the three stream types. An experimental addition
of algal-leachate, leaf-litter leachate, and high
dissolved organic carbon (DOC) water from a small
seep also resulted in marked shifts in epilithic
enzyme activities 1 day after DOC additions.
Oxidative enzymes showed a particularly strong
response to additions of humic DOC. As for the
field samples, a PCA showed large differences
among treatments indicating that exoenzyme
patterns can be used to examine which DOC sources
predominate in different streams. Application of this
approach to describing differences among streams
will require detailed seasonal sampling together
with longer-term experiments.
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INTRODUCTION

Many characteristics of stream ecosystems are
known to shift in response to changes in land use
within the drainage basin. Most attention has
focused on changes in nutrient export (e.g., Likens
et al. 1970), the relative importance of litter versus
autochthonous inputs (Webster et al. 1987), and the
response of the biotic community (Harding &
Winterbourn 1995; Quinn et al. 1997). Epilithic
biofilms are an important component of New
Zealand stream food-webs (Rounick & Winterbourn
1983) but epilithic bacteria seem to be only weakly
affected by shifts in catchment vegetation unless
the potential for benthic algal production is very
high (Findlay et al. 1993). Because stream benthic
bacteria are fuelled by both autochthonous and
allochthonous dissolved organic carbon (DOC)
(Hudson et al. 1992), it will be difficult to predict
bacterial responses to shifts in land use without an
understanding of how catchment land use affects
DOC budgets.

In most stream organic-matter budgets, DOC
dominates both the inputs and outputs;
concentrations are typically 2-5x particulate
organic carbon in transport (e.g., McDowell &
Likens 1988). The challenge has been to identify
which components of the DOC are significant
carbon sources for microbial metabolism. Although
organic matter budgets make it appear that DOC
simply passes through stream reaches, a variety of
field experiments (Bott et al. 1984) and
measurements of subsurface DOC consumption
(Findlay & Sobczak 1996) make it obvious that
some variable fraction of bulk DOC is metabolised
during transit. The proportion of DOC that can be
characterised chemically is usually much less than
50% of the total so a wide range of bioassay
approaches have been applied to determine what
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part of the bulk DOC pool is subject to microbial
metabolism.

The majority of DOC in running waters is made
up of high molecular weight compounds requiring
extracellular hydrolysis before assimilation by
benthic bacteria. Bacteria possess a wide range of
extracellular enzymes to attack a variety of classes
of macromolecules making it possible to use shifts
in enzyme activity to characterise bulk DOC from
diverse sources. As the composition of DOC
changes, the suite of enzymes elaborated by the
bacterial community should track the changes in
DOC composition. Therefore, the suite of enzymes
active at any given time represent a biologically-
based "fingerprint" for the available fraction of the
bulk DOC pool.

In this study we measured extracellular enzyme
activities in streams draining contrasting land covers
and used a laboratory experiment to manipulate the
obvious sources of dissolved organic carbon present
in these streams. This report is a "survey-level"
investigation of variability in extracellular enzyme
activity to simply ask the question of whether we
could detect differences among streams or
experimental manipulations. Much larger efforts
will be necessary to describe seasonal patterns in
enzyme activities among replicate streams or to
resolve the mechanisms responsible for observed
patterns in enzyme activity.

Site description
The three streams examined are relatively small
(base flow 10-30 litres s"1) draining catchments of
c. 1-3 km2 (Quinn et al. 1997). Nutrient
concentrations are moderate (DRP 15-30 ug litre"1,
DIN 100-800 \yg litre"1) with values in pasture
generally higher than in native forest or pine
streams. Benthic chlorophyll a in pasture streams
(mean 17 mg m~2) is typically 30x higher than in
the heavily-shaded native forest or pine streams.
Conversely, coarse benthic organic matter is 4-5x
higher in the two forested stream types.

METHODS

Sediments were collected from streams of differing
land use on two occasions (9 and 14 March 1995),
first comparing a pasture (PW2) with a native forest
(NW5) stream, and later comparing these with a
pine forest stream (EM 1) (see general location map
in Quinn et al. 1997). Samples consisting of gravel-
sized sediment (4 mm<sample<3 cm) were

collected from three locations within each 100-m-
long study reach, placed in plastic bags and returned
to the lab on ice. Samples from each of the locations
within a stream were kept separate providing
estimates of within-stream variability. In the lab,
bags were subsampled for organic matter and
enzyme activity measurements. Organic matter was
estimated as ash-free dry weight (AFDW, loss on
ignition 400°C, 6 h). Enzyme assays were ~25 g
wet weight of sediment incubated for 2—4 h with
10 ml of p-nitrophenyl (pNP)-linked substrate (5
xaM in pH 7.0 acetate buffer) solutions following
Sinsabaugh & Findlay (1995). Extracellular
enzymes involved in the degradation of cellobiose,
hemicellulose and chitin, and polyphenolic
substances were assayed, with cellobiohydrolase
(CBH, EC 3.2.1.91), P-l , 4-glucosidase (p-GLU,
EC 3.2.1.21), |3-xylosidase (XYL, EC 3.2.2.37), and
P-N-acetylglucosaminidase (NAG, EC 3.2.1.30)
using pNP-linked model substrates. Phenol oxidase
(EC 1.10.3.2 and 1.14.18.1) activities were assayed
by incubation with L-3,4-dihydroxyphenylalanine
(L-DOPA) which releases a coloured intermediate
(absorbance measured at 460 nm) upon degradation.
Phosphodiesterase (EC 3.1.4.1) hydrolysis of
nucleic acids was assayed using Bis (pNP)-
phosphate. Absorbance of pNP liberated by
enzymatic cleavage was measured at 410 nm
relative to buffer.

To complement the field samples from different
streams, we also conducted a DOC addition
experiment where sediment from a reach of
Mangaotama Stream below the pasture and native
forest streams (Site M3, NZMS 260, S14 936789)
was incubated with a variety of DOC sources known
to occur within or above that stream reach. A bulk
sediment sample from M3 was collected as for the
individual locations in other streams. This sediment
was incubated with five different water sources: (1)
bulk water from PW2; (2) bulk water from NW5;
(3) water from NW5 + algal DOC; (4) water from
NW5 + seep DOC; and (5) water from NW5 + litter
leachate. Algal DOC was prepared by homo-
genising 13 g wet weight of filamentous green algae
(common in PW2) in 150 ml of NW5 water to
generate water enriched in algal DOC. Similarly,
litter (8 g wet weight) was homogenised in 150 ml
to provide a litter-enriched treatment. Water from a
small seep flowing into Mangaotama and known
to have high DOC (~14 mg C litre"1) was used as a
seep-DOC treatment. All leachates and stream
waters were filtered (GF/C) to remove particulate
debris. For all treatments, sediment and water were


