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Effects of dairying on water quality of lowland streams in Westland and
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R. J. DAVIES-COLLEY and J.W. NAGELS

National Institute of Water and Atmospheric Research (NIWA), P. O. Box 11-115, Hamilton

Abstract

Several New Zealand studies suggest that pastoral land
use causes appreciable water quality degradation
particularly in lowland streams. The water quality of
eight NZ lowland streams, three near Morrinsville in the
Waikato Region and five south of Hokitika in Westland,
was sampled monthly for 13 months. Three of the five
Westland streams are spring-fed streams on dairy-farmed
alluvial plains of large rivers, and have high and steady
flows and visually clear water, contrasting with two
nearby reference streams in forested land which are more
flow-variable and have humic-stained water. The
catchments of the three Waikato streams, with the
exception of a forested headwater area, are intensively
grazed, mostly by dairy cows. Median conductivity,
phosphorus and nitrogen concentrations, and (to a lesser
extent) faecal contamination (as indicated by Escherichia
coli concentrations), were all elevated in streams draining
dairy pasture, often exceeding water quality guidelines.
The most intensively-farmed Waikato stream (Toenepi
Stream) has very high concentrations of nutrients and
fairly high faecal contamination. At the other extreme,
Dunlop Creek (Westland) has very low concentrations
of nutrients and faecal contamination, consistent with its
minimally-disturbed native forest catchment. The optical
variables: humic concentration, turbidity and (inversely
related) visual water clarity, show less of a pattern with
land use across stream sites, apparently because of the
influence of other factors, such as soil characteristics.
The area-specific yields of streams in Westland dairy
land were comparable with those in the Toenepi Stream,
reflecting high rainfall driving runoff and leaching in
Westland. However, the concentrations of contaminants
mobilised by dairy farming were generally higher in
Waikato than in Westland because of dilution in high
water flows in the latter region. The water quality
degradation of streams draining dairy land will need to
be addressed by the dairy industry.

Keywords: dairying, faecal contamination, nitrogen,
nutrients, phosphorus, turbidity, water quality

Introduction

There is increasing recognition that pastoral farming is a
major source of water pollution in New Zealand (MfE
1997; Parkyn et al. 2002). Some of this water pollution,
notably that associated with dairy shed waste treatment
lagoons (Sukias et al. 2000), may be regarded as a “point”
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source. However, most of the contaminant yield in
streams draining farmland is typically “diffuse” pollution,
arising as runoff or leaching from extended areas of the
catchment (MfE 1997; Vant 2001) or from livestock
trampling and waste deposition in channels (Nagels et
al. 2002; author’s unpubl. data). Lowland pastoral
streams in New Zealand are further degraded (Parkyn et
al. 2002) owing to modified hydrology (artificial
drainage) and riparian vegetation, in combination with
high intensity farming, which mobilises large quantities
of contaminants (Wilcock et al. 1999).

This paper reports the water quality of streams in dairy-
farming catchments in two regions: Waikato and
Westland, based on monthly sampling over 13 months.
We hypothesised that concentrations of land-derived
contaminants (sediment, nutrients, and faecal microbial
contaminants) would tend to increase with land use
intensity, but would differ between regions owing to
climatic and hydrological differences. The Waikato Region
lacks suitable unimpacted reference streams for
comparison with streams draining dairying land.
However, in the Westland Region, streams in native forest
catchments provided a baseline for gauging the water
quality impact on nearby streams in dairying catchments.

Some of the water quality data presented below has
already been reported as part of a study of invertebrate
and plant communities in these same eight lowland
streams (Duggan et al. 2002). Here we give a more
detailed analysis of the stream water quality, considering
nutrient yields and comparing concentrations with
published water quality guidelines.

Methods

Study sites

The eight study streams are listed in Table 1 and some
general features of the catchments are given. In the
Waikato, three streams in the Piako Catchment near
Morinsville were sampled in one of the most intensively
dairy-farmed areas of New Zealand. The headwaters of
one of these streams (Piakonui) is in native forest, and
the remainder of the catchment is used mainly for
dairying, but with some deer farming. Water quality of
the Toenepi Stream, in an intensively dairy-farmed
catchment, has already been reported in considerable
detail by Wilcock et al. (1999) based on an earlier
sampling programme. The Piako River, a larger lowland
stream with dairying as the predominant land use, was
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sampled near Kiwitahi where a level recorder station is T PN
located (downstream of the Piakonui site). In Westland, 5@ o 383
south of Hokitika, three streams (Murray, Berry and e s —% Bw8s8¢e = sSw
R . A O e —-—m—g I I o N
Chinn Creeks) were sampled on alluvial plains that are e < 8L
almost completely developed for dairying (Table 1). The z F so2°®°
streams in dairy pasture in both regions had high aquatic S g
plant biomasses (Duggan et al. 2002). We also sampled 05,’@ - 9 o § .
two lowland streams in relatively undeveloped e BR8]
catchments in Westland for comparison: Dunlop Creek, g8ls25888% gccecen
with a near-pristine native forest-scrub catchment, and % c|afa < B 8 03
Fergusson Creek with a catchment mainly in native scrub =2 < F °esze°
and bog vegetation, but with a small proportion (17%, S
Table 1) used for beef cattle grazing (Duggan et al. 2002). B = e N =
220l N3 =
Water quality sampling < ESINBS § ceseR| g,
Each site was visited monthly for 13 months (November a g & ) SR Ei
1998 to November 1999). Monthly sampling is o F °°3° E;
recommended for stream water quality characterisation § E
(Ward et al. 1990), because it is “pseudo-random” (sensu & o [4 g
Gilbert 1987) and provides insight into seasonal patterns, < ‘5(: f‘: : © 60 ™A o %2
but suffers minimally from the serial correlation that S§ssa- S 232%¢ws|ac
affects more frequent sampling. Although a longer ?_ = S 28
sampling programme would have been better for o - ég
calculating yields (Robertson & Roerish 1999), we 2 o 53
considered a year of data to be a reasonable compromise I g 5359 g <
between cost and increasing redundancy of extra data 2l 2L & : S0 NS o~ § o
for water quality characterisation. | 2 8 2 §§ WO YRS acwd|g®
On each monthly visit a flow estimate was obtained = o= 4 38
from standard current meter gauging or estimated from | @ g e a :
an established rating curve. Visual water clarity ‘|: gg
measurements were taken on site using the black disk 2 & o 5 b= §
method of Davies-Colley (1988). g |f32F <o 2398 wo 8 E
Water samples were obtained from each site on each - 28 é 2 2 T Ngo NN 2=
visit in 100 ml sterile vials for enumeration of the r_:u 2798 £ g
favoured faecal indicator bacterium Escherichia coli,by % SE
the Colilert most probable number (MPN) method £ | 3 - 5L
(IDEXX Laboratories, USA). These samples were g s § g5
transported in insulated bins (dark, chilled) tothe NIWA & 88« 2RI 3888c w8
Laboratory in Hamilton, Waikato Region (by overnight 8 STZANT® 55T 0
courier from Westland), and were analysed or preserved z = s E & g g
within 24 hours of arrival. R » =
A pair of 1-litre water samples was also taken from % E < & % =2
each site on each visit in acid-washed polyethlyene bottles & a® oW —_ = %
for other water quality analyses. These water samples o 2 E‘; 29580 % SIS ==
(handled the same way as the bacterial samples), were & d= 87 -2 ges “1E8
analysed within 24 hours of receipt at the laboratory for: 5 © ae § %
electrical conductivity as an index of ionic content g 8 T 2 g
(Radiometer CDM 83 meter), dissolved humic matteras > £t 3 = 5.8
the absorption coefficient at 440 nm of filtrates (0.2 mm E % + O3y é | » 2
membrane filter, Shimadzu 1600UV spectrophotometer), £ o 3 = 2 E fg — § % o
and turbidity as an indication of water cloudiness (Hach ~ E 553 02 3.8 \’é Elg8
2100AN nephelometer). The following nutrient analyses E @ %‘% g2 2 § c 2 :é = 5 g%
were conducted: dissolved reactive phosphorus (DRP) = §2so5c2¢ £5%2c|33
. . © 5028 ® 0L VoS |l
by automated molybdenum blue-ascorbic acid +~ NIE=ZO0OSRO0==20O0|a«
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colorimetry, total phosphorus (TP) by acid persulphate
digestion followed by molybdenum blue colorimetry,
ammoniacal nitrogen (Am-N) by automated phenol-
hypochlorite colorimetry, nitrate plus nitrite nitrogen
(NO,-N) by cadmium column reduction (to nitrite)
followed by diatolization with sulphanilamide, and total
Kjeldahl nitrogen (TKN) by acid digestion followed by
indophenol blue colorimetry. TP and TKN were measured
on unfiltered, frozen, subsamples, and DRP, Am-N, and
NO,-N on frozen, subsamples that had been membrane-
filtered (0.45 mm). Analyses followed methods detailed
in APHA (1998), sometimes with minor modifications.

Dissolved inorganic nitrogen (DIN) was estimated as
Am-N +NO_-N. Organic nitrogen (OrgN) was estimated
as TKN — Am-N, and total nitrogen (TN) as TKN +
NO_-N (= OrgN + DIN).

Water flow and yield calculations

The hydrograph for the Piako River, estimated from the
level recorder at Kiwitahi, was used to simulate flows at
the other two Waikato stream sites using the regression
of flows gauged at times of sampling on the simultaneous
flows in the Piako River (correlation coefficients were
0.97 and 0.93 for the Toenepi and Piakonui sites
respectively). Annual yields of nutrients in the Waikato
streams were calculated from these hydrographs by the
regression method (Robertson & Roerish 1999). This
involved synthesising a massflow time series from the
continuous flow hydrograph using the regression on
flow, and integrating the massflow with time for the year
of study. Yields were calculated for DRP, TP and TN for
which plots versus flow were well-fitted by simple power
law expressions, but not for DIN which had a complex
relationship to flow that would have required non-linear
modelling (needing more than 13 data points).

There were no suitable continuous flow records for
the Westland streams, so yields were simply calculated
from 13 instantaneous estimates. Such estimates are
imprecise for flow-variable streams, and usually much
too low because yield-dominating high flows are not
often sampled. However we expect that these estimates
are meaningful for the spring-fed streams on dairy-farmed
river flats in Westland (Murray, Berry and Chinn Creeks)
that are all very flow-steady streams in which nutrient
concentrations were unrelated to flow.

Storm-sampling is often done to improve estimates of
yields, because the floods that typically dominate yields
are not often encountered in short-term sampling
programmes. However “storm-chasing” can give
excessive bias when there is a strong hysteretic
relationship between concentration and flow as is typical
for nutrients and sediment (Robertson & Roerish 1999),
so no storm sampling was done in this study. No attempt
was made to estimate yields for E. coli, which increases

markedly (c.1000-fold) in floods (Nagels et al. 2002)
(floods were not encountered in our programme of
monthly sampling for one year).

Results and discussion

Major differences in climate and geological factors are
reflected in the catchment hydrology of the study streams
(Table 1). The study area in Westland has a much higher
rainfall than the Morrinsville area of the Waikato (about
3000 mm and 1100 mm respectively), which probably
accounts for the much higher (>10-fold) catchment area-
specific flows in the former region (Table 1). Water yield
(expressed in m/yr) in two of the Westland dairy streams
is implausibly high compared with rainfall, probably
because much of the stream-flow comes from
groundwater flow from outside the (surface) catchment.
The hydrology of the alluvial plain streams (Murray,
Berry and Chinn Creeks) contrasts with that of the
neighbouring forested streams (Dunlop and Fergusson
Creeks) in Westland. The box plots in Figure 1A show
that the Westland flood plain streams have very high
catchment area-specific flow, and also very consistent
flow (low flow variability) as indicated by the small box
spans. The flow-steady character of these river flat
streams is also emphasised by the close numerical
similarity of their median and mean flows (Table 1). The
two reference streams were appreciably more flow-
variable (Figure 1A). Despite hydrological differences,
all of the Westland streams had gravel-cobble substrates
contrasting with the sand-silt substrates of the Waikato
streams (Duggan et al. 2002).

Table 2 summarises water quality in the eight study
streams in terms of median concentrations. (A similar
summary, for a smaller range of variables, was given by
Duggan et al. (2002) in a report on the invertebrate animal
communities in these same streams.) Water quality data
for the Toenepi Stream as reported earlier by Wilcock et
al. (1999) (based on a more complete sampling
programme) is given for comparison with our data for
the Toenepi. Also given in Table 2 are New Zealand
water quality guidelines for dissolved nutrients (DRP,
DIN, to prevent nuisance algal growths, MfE 1992), for
visual water clarity as measured by black disc visibility
and (inversely-related) nephelometric turbidity (to protect
contact recreation, MfE 1994), and for E. coli (also to
protect contact recreation, MfE 1999).

Figure 1 gives box plots for selected water quality
variables. Despite the very steady flows in the spring-
fed streams on dairy-farmed river flats in Westland, their
water quality was appreciably variable (comparable to
more flow-variable streams) — apparently in response to
rainfall events driving runoff and leaching.

Major nutrients (forms of nitrogen and phosphorus)
were generally low in the Westland reference streams,
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Table 2 Summary of water quality characteristics of the study streams (median values).

. . . . . . . Water qualit
Variable Units Dunlop Ferg Murray Berry Chinn Piakonui Piako Toenepi? Guide?ines3y
DRP! mg/m?3 14 4.5 14 11 16 16 54 97 (66) 15-30
TP mg/m3 5 13 23 19 21 32 76 150 (134)

Am-N mg/m?3 3 6 7.3 15 23 23 20 22 (70)

NO -N mg/m? 13 50 370 190 330 280 910 820 (2210)

DIN mg/m? 18 56 370 230 370 350 1040 1230 100
OrgN mg/m? 60 190 67 100 90 210 350 490

TKN mg/m? 63 200 73 120 150 260 360 510 (710)

TN mg/m3 86 290 550 480 560 590 1400 1700 (3040)
Conductivity pS/cm? 33 31 79 100 110 94 150 210

Yo /m 1.31 6.9 0.17 0.17 0.30 1.76 2.37 3.15

Turbidity * NTU 1.5 25 3.2 25 1.7 5.3 3.2 4.0 2.0
Black disc vis. m 4.5 1.9 6.6 3.3 8.6 1.25 1.5 1.28 1.6
E coli? cfu/100 ml 4.1 130 62 1030 77 440 310 280 (420) 126

1 Variables for which box plots are given in Figure 1.

2 Values for the Toenepi Stream given in parentheses are as reported by Wilcock et al. (1999).

3 Guidelines for water quality — values for DRP and DIN (to prevent nuisance growths of algae) from MfE (1992), for turbidity and black disc visibility (to protect contact
recreation) from MfE (1994), and for E. coli (to protect contact recreation ) from MfE (1999).
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mg/m? and DIN ~ 40 mg/m?®, showing that the great
majority of the dissolved nutrient in the streams on their
alluvial plains is attributable to dairying.) Figure 1B gives
box plots for DRP, which ranged 70-fold from the
forested reference site, Dunlop Creek (1.4 mg/mq), to
the most nutrient-enriched Toenepi Stream (97 mg/m?).
Total phosphorus (TP) ranged 30-fold, and total nitrogen
(TN) 20-fold (Table 2), with the same broad pattern.
This pattern was also seen for conductivity, which
correlated with the nutrients (e.g., Spearman Rank
Correlation of DRP and conductivity, R_ = 0.64).

All of the sites, except Fergusson, showed seasonality
in total nitrogen, particularly the dissolved inorganic
nitrogen (DIN) component, with much higher values in
winter-spring than in summer-autumn. This seasonal
pattern, although present in the Westland streams, was
particularly strong in the Waikato streams with very low
DIN (mostly nitrate) in warmer and dryer times of the
year. Seasonality of DIN has been reported previously
for the Toenepi Stream (Wilcock et al. 1999) and
attributed to lower soil leaching combined with greater
uptake by plants (pastures, wetland and stream plants),
in summer-autumn. Quinn & Stroud (2002) found similar
strong seasonal patterns of DIN in hill country streams
near Whatawhata in western Waikato.

Nitrogen partitioning contrasts strongly between the
forest reference streams and the dairy land streams. In
Dunlop and Fergusson Creeks, nearly 70% of the total
nitrogen occurs in organic form (OrgN). By contrast, in
the streams in developed land in both Westland and
Waikato, organic N was appreciably lower (medians
ranging from 12-36% of TN). This pattern of low
proportions of organic nitrogen (and correspondingly
high proportions of DIN) has recently been interpreted
as a general feature of streams draining intensively-
farmed land characterised by mobilisation of large
quantities of N in mainly inorganic form (van Breemen
2002).

Dissolved reactive phosphorus (DRP) in the Westland
dairy streams was close to the guideline for nuisance
growths — consistent with modest algal biomasses in
these streams (Duggan et al. 2002). DRP greatly
exceeded the guideline in the Piako and Toenepi Streams,
but algal growth is restricted by lack of suitable substrate
in these (silty-bedded) streams. Median DIN greatly
exceeded the guideline for nuisance algal growth in all of
the streams in developed land, however DIN typically
fell below guidelines during summer, due to rapid uptake
by plants combined with reduced soil leaching in this
season.

Coloured organic content (aquatic humus or “yellow
substance”) of the stream waters was indicated by
absorption coefficients of filtrates at 440 nm (g,,, values,
Table 1). Davies-Colley & Close (1990) have suggested

that g,,, < 0.1/m indicates “low”, and > 1/mindicates
“high” humic content. On this basis, Dunlop Creek has
high, and Fergusson Creek very high humic content.
Humic staining is a feature of many lowland waters in
Westland (e.g., Moore 1989; Moore & Jackson 1989)
and may be attributed to the low levels of aluminium and
ferric iron (that would otherwise complex these organic
acids) in strongly-leached soils in this region. The low
to moderate humic content of the Westland streams on
the alluvial plains of large rivers reflects the rather low
humic colour of these mountain-fed rivers (g,,, ~ 0.15/
m, author’s unpublished data). The three Waikato streams
have moderately high humic staining, reflecting their
rather high organic productivity.

Figure 1C gives box plots of turbidity. The Westland
pasture streams have low turbidity (and corres-
pondingly high visual clarity, Table 2), again reflecting
their spring-fed source and, probably a comparative lack
of (strongly light-scattering) fine particles in soils. The
Westland forest streams have similar or slightly lower
turbidity than the pasture streams, but also have lower
visual clarity because of light attenuation by humic
matter. The Waikato streams are moderately turbid with
rather low visual clarity. Although the suspended
sediment concentration and yield of these streams is
quite low (142 kg/ha'yr in the Toenepi, Wilcock et al.
1999) much of this suspended matter probably
comprises (intensely light-scattering) plate-shaped clay
mineral particles eroded from the clay-rich soils. The
visual clarity guideline for contact recreation recom-
mended by MfE (1994) is 1.6 m, corresponding to a
nephelometric turbidity of about 2 NTU (Nagels et al.
2001). On this basis the Waikato dairy streams, although
not very turbid in absolute terms, are frequently (more
than 50% of time) unsuitable for contact recreation.

Faecal contamination, as measured by E. coli (Figure
1D), showed a broadly similar trend to that of nutrients
and conductivity. However, E. coli concentration was
much higher in Fergusson Creek than in Dunlop Creek
(and comparable to levels in dairy farming streams),
probably reflecting the 17% of the catchment of the former
stream in dry-stock farming (Table 1). The faecal
contamination in Fergusson Creek may be exacerbated
by scrub and forest shade over most of the channel length,
which is expected to reduce E. coli die-off by reducing
exposure to the strongly bacteriacidal ultra-violet
component of sunlight (Sinton et al. 2002). The very
high faecal contamination in Berry Creek is attributed to
the discharge into this stream of dairy shed effluent
(Trevor James, West Coast Regional Council, pers.
comm.) that is typically high in E. coli (Sukias et al.
2000). Somewhat higher faecal contamination in the
Piakonui Stream compared to the other two Waikato
streams may reflect wallowing by farmed deer in side
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channels immediately upstream of the sampling site. The
median E. coli levels of the dairy streams approached or
exceeded the guideline (median of 126 cfu/100 ml) for
contact recreation, implying a health-risk associated with
contact recreation in these waters.

Catchment area-specific average annual yields of
contaminants present a different picture from
concentrations in the study streams (Table 3). Note that
specific yields in the Waikato streams, calculated as simple
averages of 13 simultaneous flow and concentration
measurements, are generally much lower than estimates
using continuous flow hydrographs by the regression
method (Table 3). However, as stated earlier, we believe
that specific yields calculated as simple averages in the
Westland dairying streams (but not the forested streams)
are reliable because these streams have very steady flows
(Figure 1A) and their nutrient concentrations are
essentially uncorrelated with flow. The specific yields of
nutrients are particularly high in the Westland dairy
streams, presumably because there is limited opportunity
for interception and processing by plant tissue and soil
before entry to streams. The moderate concentrations of
nutrients in the Westland dairy streams are evidently a
consequence of dilution of high yields into large flows
of water.

Specific yields of nutrients in the Waikato streams
trend strongly with intensity of land use (Table 3) —and
more so than concentrations (Table 2). Specific yields
are rather low in the Piakonui, higher in the Piako, and
very high in the Toenepi — as noted by Wilcock et al.
(1999). (Our yields of nutrients in the Toenepi Stream
are somewhat higher (2-fold for TN) than reported by
Wilcock et al. (1999) for a more-detailed record and
empirical, rather than simulated, continuous flow data).
The reason for the much greater yields in the Toenepi
Stream compared to the Piakonui Stream (with
intermediate values in the Piako R.) seems to be that the
Toenepi Stream is much more flow-variable (and has a
higher specific flow — Table 1) and high flows dominate
yields. The yields of N in the Westland dairy land streams
are broadly comparable to those in the Toenepi, but P
yields are much higher. The yields for N and P from
Westland streams, and for N from the Toenepi, are well
outside the range reported previously in New Zealand
studies (Table 3), highlighting the nutrient mobilisation
characterising intensive dairying.

General discussion and conclusions

This study has shown that streams in dairy-farmed
catchments in very different regions have degraded water
quality by comparison with reference streams in native
forest. This finding is consistent with a growing body of
work recently summarised by Parkyn et al. (2002)
showing general degradation of water quality and stream

36 — File identification only

Table 3 Catchment area-specific yields of selected forms of nutrients (kg/ha/yr) in the study streams.

Murray Berry Chinn Piakonui Piako Toenepi Toenepi* NZ studies*
0.21 (0.12)
0.42 (0.22)

Ferguson

Dunlop

Variable

0.04-0.3

0.54
1.16

0.9 (0.13)
1.35 (0.21)

0.07 (0.05)
0.17 (0.10)

6.7

6.6
10.0

1.02
15
9.3
13

(0.71)
(2.1)

(0.08)

(0.60)

(0.68)
(7.1)

DRP

0.3-1.7

10.5

1to5
4 to0 19

21 20 (2.1) 4) 3) 30
27 (5) 70 (4) 35

(1.2)
(22)

DIN
TN

9 (3)

50

48

! Regular type indicates yields calculated as the average of 13 monthly observations.

2 Parentheses indicate yield estimates, so calculated, that are subject to large error (usually an under-estimate) in the more flow-variable streams.

% Bold type indicates yields for Waikato streams calculated from the regression method using the continuous flow record for the Piako River at Kiwitahi (see text for

details).
4 ltalic type indicates yields for the Toenepi stream reported by Wilcock et al. (1999), and the range reported in NZ studies by Wilcock (1986) and Vant (2001).
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‘health’ by pastoral agriculture. In the streams studied
here, the high intensity of dairying land use mobilises
large quantities of nutrients (N and P), faecal microbial
contaminants, and (sometimes) fine sediment causing
reduced visual clarity. These impacts are exacerbated if
cattle are permitted access to streams, disturbing the
streambed and banks by trampling, and depositing their
waste products directly into the stream channel (Nagels
et al. 2002; author’s unpubl. data). The water quality
degradation is not very severe in terms of exceedance of
water quality guidelines, but being diffuse it is
widespread, and therefore represents a large total impact.

Mobilisation of fine sediment by pastoral agriculture,
with consequent optical effects, can sometimes be
masked by geological/hydrological variability. In the
present study, the dairy farming streams in Westland had
fairly high visual clarity, which we attribute to the spring
source of water from ground water recharged by large
mountain-fed rivers combined with the coarse-grained
character of the soils. By contrast, the higher turbidity in
pastoral streams in the Waikato, despite rather low
sediment yield (Wilcock et al. 1999), may be attributed
to livestock disturbance of clay-rich soils.

A recent paper focussed on invertebrate communities
in the same eight lowland streams (Duggan et al. 2002)
reported that regional differences between Westland and
Waikato tended to mask land use differences, forest versus
pasture. However, regional influences on water quality
appear not to over-ride land use, and in this study water
quality was comparably impacted by dairying in two
contrasting regions.

The water quality degradation in streams draining dairy
land reported by this study and others (reviewed in Parkyn
etal. 2002) suggests that we may expect a general decline
in water quality in New Zealand as the national dairy
herd increases unless measures are instituted to reduce
stream contamination. The first direct evidence that such
adecline is actually occurring has recently been obtained.
Statistical analysis of water quality data for rivers in
Southland where dairying is expanding rapidly show a
trend of increased dissolved N concentrations (Keith
Hamill, Environment Southland and Graham McBride,
NIWA-Hamilton). A major challenge for the dairy
industry will be to develop and adopt measures such as
riparian fencing and planting (Meals 2001), bridging of
raceways, and interception of contaminants in artificial
drains (Long Nguyen, NIWA, Hamilton pers. comm.),
in order to reduce diffuse pollution of streams.
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