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Dissolved organic carbon (DOC) dynamics were investigated in three small wetland catchments: one
covered by a scrub forest and the other two cleared, V-bladed, and planted with pine, 1 and 4 years
before sampling. Over a 4-month sampling period, DOC concentrations averaged 1.4, 20.9, 47.1, 46.0,
and 45.7 mg/L in precipitation, throughfall, stemflow, surface soil water, and subsoil water,
respectively, in the scrub forest catchment. DOC concentration in the stream draining the catchment
averaged 43.4 mg/L, reflecting the inability of the Larry River subsoils to adsorb DOC and the
pathways taken by water. In 1986, discharge-weighted DOC concentrations in the streams ranged from
29.9 mg/L in the catchment disturbed 4 years before sampling to 35.0 mg/L in the recently disturbed
catchment and 37.9 mg/L. in the catchment covered by scrub forest. DOC export from the catchments
in 1986 was estimated to be 30.6, 43.8, and 41.7 g m~2 yr™!, suggesting that disturbance had a minor
effect on DOC export. The role of the high DOC concentrations on the chemistry of the stream water
was revealed by a large anion deficit, an average anion deficit:DOC relationship of 5.7 meq/g, and an
annual export of acidity of 184-263 meq m~2 yr~!. Within-storm sampling showed that pH and DOC
were related inversely and base titration suggested acid dissociation constants (pK,) ranging from 4.4

to 4.9.

INTRODUCTION

Streams draining forested catchments with well-drained
soils usually contain low concentrations of dissolved organic
carbon (DOC), in the range 1-12 mg/L [e.g., Clair and
Freedman, 1986; Foster and Grieve, 1982; Hobbie and
Likens, 1973; Meyer and Tate, 1983; Moore, this issue; Tate
and Meyer, 1983]. Where wetlands, such as swamps and
bogs, cover a significant portion of the catchment area, DOC
concentrations are much higher, generally in the range 1040
mg/L [e.g., Freedman and Clair, 1987; Kerekes et al., 1986;
McKnight et al., 1985; Moore, 1987a, b, c; Mulholland,
1981; Mulholland and Kuenzler, 1979; Schlesinger and
Melack, 1981].

The elevated concentrations of DOC in wetland streams
can influence water chemistry through complexation of
metals [e.g., Reuter and Perdue, 1977], absorption of light
[e.g., Davies-Colley and Vant, 1987], and production of
carcinogenic compounds when treated with chlorine [e.g.,
Oliver and Thurman, 1983). Moreover, high concentrations
of DOC can influence the acidity of the water, as has been
shown by Eshleman and Hemond [1985], Gjessing [1976],
Gorham et al. [1985], McKnight et al. [1985], Oliver et al.
[1983], and Thurman [1985]. In areas subject to acid precip-
itation, studies have apportioned the acidity to organic or
anthropogenic sources [e.g., Kerekes et al., 1986].

Several studies have examined the influence of distur-
bance, such as forest clear-cutting, on the concentrations
and fluxes of DOC in well-drained catchments [see Moore,
this issue]. In a study of bogs in southern Quebec, Moore
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[1987b] observed only minor changes in stream DOC con-
centrations in drained and harvested bogs, compared to the
undisturbed set of peatlands.

In the present paper, we examine the concentration and
fluxes of DOC in three small wetland catchments near Larry
River. The catchments are characteristic of ‘‘pakihi’’ land,
extensive throughout much of the South Island of New
Zealand [Mew, 1983]. One of the catchments has been left in
undisturbed manuka scrub forest, whereas the other two
catchments have been drained and planted with pine. We
examine the major controls and influence of vegetation, soil,
and hydrology and catchment disturbance on DOC concen-
trations and fluxes and the role that DOC plays in the acidity
of the stream water.

STtuDY SITE

The three Larry River catchments were established by the
New Zealand Forest Service near Reefton, North Westland,
South Island, New Zealand (42°05’ S, 171°48'E). They occur
on the highest of a series of fluvioglacial terraces at an
elevation of about 300 m, with only minor relief (<3 m)
within the small (about 10 ha) catchments. The soils are
Aquic Spodosols and Histosols, comprised of 0.1-0.4 m of
peaty topsoil overlying 0.4 m of massive, grey, silt loam
subsoil, and underlain by glacial outwash gravels [Ross et
al., 19771. The soils often have an iron and/or humus pan
close to the surface, which lowers permeability [Jackson,
1984; Mew and Lee, 1981]. The catchments were covered
originally by beech-podocarp forest, but were logged and
cleared for farming in the 19th century. Poor drainage and
low fertility caused a reversion to moss/fern/scrub vegeta-
tion, dominated by manuka (Leptospermum scoparium) and
mosses (Sphagnum). The mean annual precipitation is about
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TABLE 1. Characteristics of the Three Experimental
Catchments at Larry River
Area,
Catchment ha Treatment
L1 10.0 Manuka scrub, crushed October 1981;
burned March 1982; V-bladed,
fertilized and planted with pine
April-June 1982
12 11.6 undisturbed manuka scrub
L3 9.9 Manuka scrub, crushed October 1984;

burned February 1985; V-bladed
February 198S; fertilized and
planted with pine August 1985

2500 mm, which produces approximately 1500 mm of runoff
in each catchment [Jackson, 1987].

One catchment (L2) has been left in undisturbed manuka
scrub forest, regenerating after a fire about 40 years earlier
(Table 1). The other two catchments (L1 and L3) have had
the vegetation crushed and burned and the soil V-bladed to
a depth of 0.3-0.4 m to expose the subsoil and the topsoil has
been moved into ridges 0.5 m high and 1.5-2 m wide. Parallel
runs were made with the V blade, about 8 m apart, leaving a
2-m strip of undisturbed ground between the ridges. Radiata
pine (Pinus radiata) was planted on the ridges. The L1
catchment (in which 32% of the catchment was left as
manuka scrub, in the headwaters) was treated and planted in
1982 and the pines were 3-5 m tall in 1986. By 1986, the
stream channel in L1 had been gradually invaded by rushes
and Sphagnum. The L3 catchment was treated and planted
in 1985, with the pines reaching 0.5-1 m tall in 1986.

METHODS

Sample Collection

Precipitation, thoughfall, and stemflow were collected as
described previously [Moore, this issue]. Five throughfall
funnels and stemflow collars around five manuka trees were
placed in the L2 catchment. Soil water was sampled by
evacuating porous ceramic cups at depths of 10-15 cm
(topsoil) and 30-40 cm (subsoil) in both the L2 and L3
catchments. Samples were collected weekly from February
to May 1986.

Samples of stream water draining each catchment were
collected from the weir at weekly intervals from January to
December 1986 along with discharge at time of sampling.
Automatic samplers located at the weir provided water
samples collected at 12 hour intervals during storms, espe-
cially in the L3 catchment. Stage height was monitored
continuously by water level recorders and converted to
discharge, runoff, and a flow-duration curve.

Budget Calculations

DOC export from the catchments was calculated using
DOC:discharge relationships and flow duration data for
1986. Discharge was separated into 30 flow classes and the
DOC concentration for the middle value calculated from the
DOC:discharge regression. The classes were then converted
to export from runoff in each of the classes and summed for
the period January 1 to December 31, 1986. Dann et al.
[1986] have noted that the reliability of ion export calcula-
tions is dependent on the methods used. There were strong
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relationships between DOC and discharge in catchments L1
and L3, but not in catchment L2; hence the DOC export data
should be treated with some caution.

Chemical Analyses

Water samples were filtered through GF/C paper and
analyzed for DOC as described previously [Moore, this
issue]. The relationship between DOC and absorbance at 330
nm was used to predict DOC concentrations from absor-
bance measurements from the period June to December,
1986 [Moore, 1987d]. The regression used was

DOC = 38.9abs + 7.6

where DOC is given in milligrams per liter, abs is absorbance
at 330 nm in a 1-cm cell, # = 158, r* = 0.88, and the standard
error of the estimate is 2.7 mg/L.

Six samples of stream water, two from the Maimai catch-
ments [Moore, 1989] and four from the Larry River catch-
ments were analyzed for their chemical composition. After
filtration through Gelman 0.45 um Metricel GA6 paper, pH
was measured with a pH meter, Ca?*, Mg®>*, Na*, and were
K™ determined by atomic absorption spectrophotometry,
NH; by indophenol [Searle, 1975], and NO3 , C1~ and SO;~
by ion chromatography.

A base titration was performed on the six samples to
determine acid characteristics, as described by Eshleman
and Hemond [1985]. The ionic strength of a 100-mL aliquot
was adjusted to 0.1 N by addition of 0.8 g of KCI and
acidified to pH 3 by addition of 120 uL. of 1 N HCI. The
sample was titrated at 25°C against 0.05 N NaOH, being
sparged continuously with nitrogen to remove carbon diox-
ide; sparging was maintained to prevent reaeration. The
alkali was added in increments ranging from 0.005 to 0.1 mL,
using a syringe; pH was determined with a Gilmot digital pH
meter to 3 decimal places. The titration raised the pH from
3.0 to 9.0, using between 30 and 60 alkali increments. A
sample of distilled water was titrated as a standard.

The titration results were used to generate the derivatives
(m = [H")/[OH]add) as a function of pH, as described by
Eshleman and Hemond [1985]. Graphical and statistical
analysis of the m:pH relationships were used to estimate
dissociation constants (pK,) and concentrations of acids in
the samples, using the techniques discussed by Lee [1980].

RESULTS

Concentration and Fluxes of DOC in
an Undisturbed Catchment

DOC concentrations in precipitation averaged 1.4 mg/L,
but were much higher in throughfall (average 20.9 mg/L) and
stemflow (47.1 mg/L) in the undisturbed manuka scrub in the
L2 catchment (Table 2). The surface soil water samples
(10-15 cm depth) also contained high concentrations of DOC
(average 46.0 mg/L), as did the water collected from the
subsurface horizons at a depth of 3540 cm (average 45.7
mg/L). The stream draining the L2 catchment also contained
high concentrations of DOC (average 43.4 mg/L).

The above pattern of changes in DOC concentrations is
similar to that observed in the Maimai catchment [Moore,
this issue], except that the latter revealed a major decrease in
DOC as the water passed through the subsoil and into the
stream. As noted previously [Moore, this issue], the Larry
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TABLE 2. A Budget of DOC Fluxes in the Undisturbed
Catchment L2, Larry River

Flux, of DOC DOC
Water, Concentration, Flux, g C
mm mg/L m2yr!
Precipitation 2500 1.4 35
0.7, 19)
Throughfall 1625 20.9 34.0
(11.4, 34)
Stemflow 500 47.1 23.6
(32.7, 49)
Surface soil water 1500 46.0 69.0
(8.7, 24)
Subsurface soil water 1500 45.7 68.6
(4.3, 32)
Stream 1500 43.4 65.1
(4.8, 16)

Budget was based on measurements of DOC concentrations in
precipitation, throughfall, stemflow, surface and subsurface water,
and stream water from February to May 1986. Figures in parenthe-
ses indicate the standard deviation and number of samples analyzed,
respectively. Flux of water for each component is based on an
average year and estimated contributions of throughfall, stemflow,
and runoff.

River subsoil horizons contain very low amounts of amor-
phous (oxalate-extractable) iron and aluminum and possess
high equilibrium concentrations of DOC (30—40 mg/L). Thus
there is little evidence of DOC adsorption in the subsoils of
the Larry River soils and the subsoils tend to have low
organic carbon concentrations, except where Fe-Al-organic
pans have developed [Ross et al., 1977]. In addition, there is
more lateral flow of water in the Larry River catchment,
allowing water to reach the stream channel without passing
through the subsoil [Jackson, 1987].
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Detailed measurements of water flux in the L2 catchment
have not been made, but estimates of the average annual
hydrologic budget and average DOC concentrations allow
the construction of a tentative budget of DOC flux. In a
manuka stand at Taita, near Wellington, North Island,
Aldridge and Jackson [1968] observed that throughfall and
stemflow accounted for 45 and 23% of the incident precipi-
tation (totalling 807 mm), respectively, over a 10-month
period. Based on their study and the much higher annual
precipitation at Larry River, throughfall and stemflow are
estimated to average approximately 1625 and 500 mm,
respectively.

Using these values, DOC flux in precipitation is low, about
3.5gm™2 yr~!, but major increases occur in the throughfall
and stemflow, reaching about 57 g m~2 yr~! in the soil
surface. This increases further to a flux of about 65-70 g m™2
yr~! from the soil and the stream. The above-ground and
surface soil fluxes are similar to those reported at the Maimai
forest [Moore, this issue]. The higher flux from the subsoils
and stream in the Larry River catchment appear to be related
to the poorer capacity of Larry River subsoils to adsorb
DOC and differences in hydrology, especially the lateral
movement of water.

The Influence of Discharge on
Stream DOC Concentrations

DOC concentrations in stream samples collected at
weekly intervals from the 3 catchments ranged from 10 to 50
mg/L (Figure 1) and were generally highest in the undis-
turbed L2 catchment and also particularly during summer.

In the undisturbed L2 catchment, there was no significant
(p > 0.05) relationship between the log of discharge and
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Weekly DOC concentrations in streams draining catchments L1, L2, and L3.
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The regression line represents the logarithmic relationship defined for L1 in Table 3.

DOC concentration (Figure 2 and Table 3). There was,
however, a significant (p < 0.05) negative relationship at
catchment L1, the catchment disturbed 4 years before sam-
pling (Figure 2 and Table 3).

There was no significant (p > 0.05) overall relationship
between log discharge and DOC in the stream draining
catchment L3, including the samples collected during
storms. By splitting the discharge data into sets of < and >
1 L/s, significant (p < 0.01) relationships were found. At low
discharges, there was a strong positive relationship with
DOC concentration, whereas a negative relationship was
found at high discharges (Figure 3 and Table 3).

However, only small proportions of the variation in DOC
were predicted from the log of the discharge (2 0.00-0.50).
Whether the sample was collected on the rising or falling
limb of the hydrograph appeared to influence DOC concen-

TABLE 3.

trations, which were generally higher on the falling limb (up
to 5 mg/L) than on the rising limb, at the same discharge
(Figure 4).

This pattern can be explained for catchment L.3 as much of
the initial rainfall in a storm falls on to exposed subsoils,
produced by the V blading. These subsoils have low perme-
ability and low organic carbon content, thereby producing
runoff low in DOC. Toward the middle and end of the storm,
the water draining the ridges of displaced topsoil and the
undisturbed organic material between the ridges would play
a more important role in stream discharge. This water would
pass through peaty topsoil picking up large concentrations of
DOC (average 40.5 mg/L), thereby elevating DOC concen-
trations in the stream. Infrequent within-storm sampling
precludes the establishment of a similar pattern in catch-
ments L1 and L2,

Relationship Between DOC Concentrations and Discharge Q in the Three Larry River

Streams and the Estimated Export of DOC and Runoff From the Catchments in 1986

DOC Export, Runoff,
Catchment Relationship r gm 2yr! mm
L1 DOC =320 -192log QO 0.116* 30.6 1023
L2 DOC =374 - 1.03 log Q 0.023 41.7 1099
L3 overall DOC =32.6 + 0.12log QO 0.000
L3 0<1 L/s DOC = 38.0 + 7.18 log O 0.307%
L3 g>1L/s DOC = 45.1 — 8.58 log O 0.501% 43.8 1253

DOC concentrations are given in milligrams per liter and discharge Q is given in liters per second.

*Significant at <0.05.
tSignificant at <0.001.
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Fig. 3. The relationship between DOC concentration and discharge in the stream draining catchment L3. The

regression lines represent the logarithmic relationships defined in Table 3.

The Influence of Disturbance on DOC
Concentrations and Export

Ranking of the weekly DOC measurements revealed that
the undisturbed L2 catchment had the highest DOC concen-
trations, followed by the disturbed catchments L1 and L2
(Table 4). The average DOC concentrations, based on these
weekly samples varies from 36.8 mg/L in the 1.2 stream to
32.8 and 30.3 mg/L in the L1 and L3 streams, respectively.

DOC export in 1986 was calculated using DOC:discharge
regressions and flow:duration data for the three catchments
(Table 3). Estimated export was highest in catchments 1.2
and L3, the higher discharge-weighted DOC concentrations
in L2 being compensated by higher runoff in L.3. Catchment
L1, disturbed 4 years before sampling, had both the lowest
export and average discharge-weighted DOC concentration
(30.6 g m~2 yr~! and 29.9 mg/L, respectively). The above
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Fig. 4. The variation in DOC concentration in relation to discharge in the stream draining catchment L3 during two
storms on January 25, 1986, and February 20, 1986. Samples were taken at hourly intervals.
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TABLE 4. Average Rank and DOC Concentrations in Streams
Draining Catchments L1, L2, and L3, Based on Weekly
Sampling During 1986

Catchment Mean Rank Mean DOC, mg/L
L1 2.4 (0.5) 32.8(5.1)
L2 1.3 (0.5) 36.8 (5.7)
L3 2.4 (0.8) 30.3 (8.5)

Figures in parentheses indicate the standard deviation.

calculations should be treated with some caution because of
the weak association between discharge and DOC concen-
trations, especially in catchment L2. The results suggest that
disturbance of these Larry River catchments initially caused
only minor changes in DOC concentration and export, which
did not manifest changes until 4 years after disturbance.

The Influence of DOC on Water Acidity

The streams draining the Larry River catchments are very
acid (pH 3.7-4.2) with the undisturbed catchment L2 having
a pH about 0.1 to 0.2 units lower than in the disturbed
catchments L1 and L3. The high DOC concentrations in the
streams may be expected to influence the acidity of the
stream and this was examined in two ways.

Relationships between DOC and pH were examined in
samples collected within storms in the .2 and L3 catch-
ments. Rainwater in most storms had a pH ranging from 4.5
to 6.0, whereas manuka throughfall and stemflow pH values
averaged 5.5 and 5.2, respectively. Increases in stream water
pH were associated with decreases in DOC concentrations,
with all regressions significant at the p < 0.01 level (Figure
5). The regression coefficients from the storms analyzed
ranged from 0.010 to 0.022, with an average of 0.014. Thus a
decrease in DOC concentration of 10 mg/L. was associated
with an increase in pH of 0.1 to 0.2 units.

The chemical composition of the six stream water samples
used for titration revealed DOC concentrations ranging from
5.3 mg/L in Maimai catchment 6 to 41.7 mg/L in catchment
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L2 (Table 5). Cation:anion ratios ranged from 1.2 to 2.8, with
anion deficits of 39-195 wueq/L, translating into anionic
charge per DOC mass ranging from 2.8 to 10.2 ueq/mg DOC,
with an average of 5.7 weq/mg DOC. In the Larry River
catchment samples, Na* was the dominant cation (average
38%), followed by Ca?* (22%) and H* (19%). DOC domi-
nated the anions (estimated as an average of 49%) followed
by CI~ (46%) and SO; (5%).

Titration of the samples with dilute alkali and interpreta-
tion of the results using the technique discussed by Lee
[1980] revealed no strong evidence for the presence of more
than one acid (L2, L3 27/3 and MS5), as shown by variations
in the gradient of the m = [H*)/[OH 1,4, derivative plotted
against pH of the solution. The other three samples did show
evidence for more than one acid. The dissociation constant
(rK,) values of the dominant acids ranged from 3.97 to 5.14,
with an average of 4.69.

DiscussioN

Jackson [1987] described the hydrological changes asso-
ciated with the drainage and planting of these wetland
terraces. In the undisturbed L2 catchment, the soil remains
saturated for much of the year, with the water table rising
rapidly during rainfall events and falling slowly during dry
periods. Quick flow contributes about 70% of the total
runoff. In the disturbed L3 catchment, the soils on the ridges
rapidly become unsaturated after the rainfall has ceased,
with soil water pressure potentials greater than —30 mbar.
Within individual events, the quickflow runoff was 0-30%
greater in catchments L.1 and L3 than in undisturbed catch-
ment L2, and stream discharge was more responsive to small
precipitation events (<10 mm). With disturbance, there was
an increased frequency of peak flows (>10 L s™' ha™') and
lower base flows (<0.05 L s~ ! ha™'). Sediment trapped in
the weir increased from 0.1 to 0.3 m® ha™' yr™! before
disturbance to up to 3.5 m* ha™' yr™' after disturbance and
there was also increased erosion of the stream channel
downstream of the disturbed catchment weirs.

10L219-31/12 -0-022
2 L2 31/12-7/1-0-010

45 3=L3 20-21/2 -0-016

. 4 =13 25-26/1 -0-011

1 5vL3 é-7/4 -0-013

6 v L3 12-13/3 -0-011
40
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354
20 3 0 50
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Fig. 5.

The relationship between pH and DOC concentration in stream water during storms in catchments .2 and

L3. The numbers refer to the date of collection (day and month in 1986) and the regression coefficient for the regression

lines.
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TABLE 5. Chemical Composition of Six Stream Water Samples From the Larry River (L1, L2, and L3) and Maimai (M5 and M6)
Catchments

Anion

Deficit

Cation:  Anion Ratio,

Anion  Deficit, DOC, meq/g
Sample pH H* Ca?* Mg>* K* Na* NHf NO; CI- SO0%° Ratio  weg/L mg/l. DOC rK,
L1 April 9 43 52 73.0 40.0 3.8 129.6 4.7 0.3 100.6 6.3 2.83 195.9 39.4 5.0 4.40
3.97)
L2 April 9 4.0 118 535 283 59 8.6 176 0.4 1263 4.2 2.34 175.0 41.7 4.2 4.59
L3 April 9 4.3 56 60.5 61.7 28.5 1274 3.4 3.2 1372 31.3 1.97 165.8 37.4 4.4 4.44
(4.40)
L3 March27 5.1 83 71.5 31.7 185 106.5 1.2 0.7 161.4 20.8 1.30 54.8 19.7 2.8 4.71
MS April 9 5.6 24 765 433 282 1204 5.1 29 102.2 12.5 2.35 158.3 15.6 10.2 4.85
M6 April 9 5.5 3.1 320 258 92 1404 0.1 0.2 1614 10.4 1.22 38.6 5.3 7.3 4.72
(5.14)

Figures in parentheses beneath pK, indicate presence of secondary acids of the acid dissociation constants shown.

DOC Flux in Larry River Catchments

The sources of DOC in the Larry River undisturbed
catchment are very similar to those in the nearby Maimai
catchments: notably, throughfall, stemflow, and the soil
organic matter [Moore, 1989]. The high concentrations of
DOC in stemflow and throughfall are probably associated
with the occurrence of scale insects (Eriococcus ovariensis)
causing manuka blight, which produce sap sugars containing
honey dew {Zondag, 1977]. In the catchments planted with
pine, Collier [1988] has shown that pine stemflow and
throughfall concentrations of DOC are lower (7.9 and 6.5
mg/L) than that of manuka.

However, DOC export from the undisturbed L2 catch-
ment in 1986 was much higher (42 g m~2 yr™') than from the
undisturbed M6 and M15 catchments at Maimai (9 g m™2
yr~ 1. Discharge-weighted DOC concentrations at L2 are 38
mg/L, compared to 6 mg/L at the two Maimai catchments.
There appear to be two main reasons for this difference in
DOC export. First, because subsoils in the Larry River
catchments are unable to adsorb DOC, high concentrations
pass through into the drainage waters. Second, the saturated
conditions for much of the year in the Larry River catchment
mean that water moves across the soil surface or through the
organic surface horizons. These conditions also probably
account for the high DOC concentrations (1045 mg/L)
reported in other wetland streams [e.g., Brinson et al., 1980;
Kerekes et al., 1986; McKnight et al., 1985; Moore, 1987a,
b, ¢; Naiman, 1982; Mulholland, 1981; Mulholland and
Kuenzler, 1979; Schiesinger and Melack, 1981]. DOC con-
centrations are also high in the black water rivers of the
southeastern United States, which are underlain by strongly
weathered, sandy soils and which have a large floodplain
area covered by rich forests [Meyer, 1986].

Regulation of DOC Concentrations
in Larry River Streams

The pattern between DOC and discharge in the Larry
River catchments is more complex than the simple positive
association observed in the Maimai catchments [Moore, this
issue]. The general decline in DOC concentration with
increasing discharge, observed in catchments L1 and L3, has
also been noted by Collier [1988], who also found that
streams in catchments in L1 and L2 did not exhibit a strong
correlation between DOC and discharge at low flows. The

well-developed hysteresis in the DOC:discharge relationship
within storms in catchment L3 reduces the strength of the
overall DOC:discharge relationship. These patterns can be
explained by differences in the pathways that precipitation
takes to the stream. In the undisturbed catchment, no
distinct pattern has developed, perhaps because of the slow
movement of water to the stream and the mixing of precip-
itation, throughfall, stemflow, and soil water components. In
catchment L3, the pattern is most strongly developed be-
cause of the exposure of the impervious subsoils and the
deep, permeable, disturbed peaty soils on the ridges.

A negative correlation between discharge and DOC has
been found in several other wetland catchments [e.g., Clair
and Freedman, 1986; Freedman and Clair, 1987; Naiman,
1982]. Mulholland [1981] reported a negative correlation
between seasonal DOC concentration and seasonal dis-
charge in a swamp catchment, but that DOC concentrations
increased with increasing stream flow during storms.

Disturbance had a relatively minor effect on stream DOC
export in the Larry River catchments. In the year after
disturbance, DOC export showed a slight increase, mainly
because of the higher runoff and lower DOC concentrations
at peak flows. The lower estimated DOC export recorded in
the L1 catchment 4 years after disturbance may reflect
lowered DOC production from decomposing peaty soils and
the weak development of the vegetation cover. Moore
[1987h] observed little change in DOC concentrations asso-
ciated with the drainage and harvesting of ombrotrophic
peatlands in Quebec.

Streamwater Acidity

The study at the Larry River catchments has shown the
importance of DOC in stream water acidity. The large anion
deficit and the high anion deficit:DOC ratio (average of 5.7
peq/mg) is in close agreement with the deficits and ratios
reported by Cronan and Aiken [1985], Dempsey and O’Melia
[1983], Eshleman and Hemond [1985], Gorham et al. [1985],
Henriksen and Seip [1980], and Kerekes et al. [1986] which
range from 4 to 10 ueq/mg. The flux of moderately strong
acidity (using the average value of 6 meq/g DOC) from the
Larry River catchments can be estimated to be in the range
of 184 to 263 meq m~2 yr~'. This export of acidity is about
6 times greater than that reported for Thoreau’s bog [Mc-
Knight et al., 1985] and Provencial Brook [Eshleman and
Hemond, 1985].
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Dissociation constants for the dominantly organic acids in
the Larry River water samples (pK, 4.44.9) fall into the
upper part of the range (3.2-5.0) established for soil and
water humic substances by Cronan and Aiken [1985], Demp-
sey and O’Melia [1983], Eshleman and Hemond [1985], and
Sposito et al. [1977]. One reason for the higher pK, values in
the Larry River streams may be that there is little evidence
of deposition of strong mineral acids (e.g., sulfuric acid) in
precipitation, which occurred in many other studies [e.g.,
Cronan and Aiken, 1985; Eshleman and Hemond, 1985;
Freedman and Clair, 1987]. In organic-rich streams in the
northern hemisphere, the observed acidity is a function of
both organic and inorganic acids, with the contribution
varying with season [e.g., Gorham et al., 1986; Kerekes et
al., 1986].

CONCLUSIONS

The studies of the Maimai [Moore, this issue] and Larry
River forested catchments have shown that the main sources
of DOC are throughfall, stemflow, and decomposing litter
and soil organic matter and that the magnitude of these
sources is similar. The export of DOC from the catchments
is controlled partly by the ability of the soils and the stream
channel to act as a sink for DOC and partly by the pathways
taken by water to reach the stream.

Catchment disturbance can affect DOC concentrations in
streams and DOC export, through changes in the sources of
DOC, the movement of water and the channel characteris-
tics. In the upland Maimai catchments, clear-cutting has
produced a significant increase in stream DOC concentra-
tions and DOC export 8-10 years after the disturbance.
Management practices within the clear-cut catchments affect
DOC, mainly through organic debris left in and around the
stream channel. In the wetland Larry River catchments,
drainage and forest removal had little immediate effect on
stream DOC concentrations and DOC export, but lead to a
decrease in both parameters after 4 years. Thus there are no
overall responses in DOC flux to disturbance, but each set of
catchments will respond to changes in the sources and sinks
of DOC and hydrologic pathways. DOC can influence water
acidity where DOC concentrations are high and soils are acid
and low in base cations.
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