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THE HYDROGEOCHEMICAL RESPONSES ASSOCIATED WITH FORESTRY
PRACTICES IN THE HAYWARD - HOLMES WATERSHED STUDY
IN NEW BRUNSWICK’S FUNDY MODEL FOREST

1993~ 1997

FUNDY MODEL FOREST AND ENVIRONMENT CANADA

I. POMEROY', J. KEREKES?, T. POLLOCK"

'Environment Canada, Environmental Conservation Branch, Moncton, New Brunswick, P.O. Box 23005 E1A 658
2Environment Canada, Environmental Conservation Branch, 45 Aldemey Drive, Dartmouth, Nova Scotia B3Y 2N6

Abstract:

The hydrogeochemical response of three forest management practices were assessed over a four
year period in the Hayward Brook Watershed Study of the Fundy Model Forest. The Fundy Model Foress
is located in the Acadian forest of south-east New Brunswick, Canada. The study area includes the
watersheds of Hayward and Holmes Brooks. Data collection involved five automated water monitoring
stations, surface water sampling and in-situ stream measurements.

The comparison of one year of pre-harvest data to two years of post-harvest data found the
hydrogeochemical responses to be minimal in the watersheds. Results indicate that multiple criteria must
be considered when designing a harvest plan for stream protection, Criteria include the area of watershed
to be harvested, the width of the buffer, age and density of understorey growth, soil conditions, type of
harvest equipment and road construction. Results found that the seventeen percent of the watershed clear
cut adjacent to a 30 metre stream buffer caused minimal response in iwo watersheds which had moderate
to heavy density of undergrowth. The twelve percent clear cut adjacent to a 60 metre stream buffer
detected no response, This indicates that the percentage of a watershed which can be harvested when
using a 60 metre buffer can be greater. The twelve percent clear cut harvest adjacent to the selection
harvest within the stream buffer caused no nutrient flux increase in the stream water but, runoff did
increase. The increase in runoff is attributed to the lack of understorey growth, slow regrowth of
vegetation and, the sandy soil type. The selection harvest within the riparian area was not found to
contribute to the stream response. The most significant impacts to the streams were due to erosion from
culverts, soil rupture due to equipment and, the use of corrosive metal culverts not suited for the soft
waters of the Hayward Brook Watershed Study.

Introduction:

Sustainable forestry is based on the premise of removing essential nutrient at a rate less
than or equal to that which can be replenished by natural processes (Dahlgren and Driscoll, 1994).
If harvesting only removed timber and disturbed nothing else this concept could be achieved but,
the harvesting operation reduces interception and transpiration. These processes increases soil
moisture which recharges the groundwater and result in a greater stream-flow (Bari et al. 1996).
The greater discharge is often associated with a greater export of suspended sediments and
associated nutrients (Naslas et al. 1994). Other nutrient losses occurs during harvesting when the
soil is ruptured and this results in a leaching of organic matter, nutrients and metals (Ahtiainen,
1992). Combinations of these effects can lead to a depletion of forest nutrient and productivity
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and, can interfere with water quality when exports exceed the systems threshold (Martin et al.
1984).

To investigate how terrestrial and aquatic systems of the Acadian forest of Atlantic
Canada respond to current forest management practices the Hayward Brook Watershed Study
(HBWS) was established in 1994. The project considered six research components: bryophytes,
vascular plants, fisheries and stream morphology, forest birds, selection harvesting and
hydrogeochemistry (Pomeroy et al. 1996). The site is located in southeast New Brunswick,
Canada, within the boundaries of the Fundy Model Forest. The forest is an 80 year old mixed
Acadian stand within the Atlantic Maritime ecozone. The site covers 30 km? and includes the
catchment arcas of Hayward and Holmes Brooks. Eight research plots perpendicular to the stream
were located within the site. The plot size is 150 metre on both sides of the stream and up to one
kilometre in length (Map 1). Four sampling sites on the Hayward and one site on Holmes Brooks
were monitored using automated instrumentation. The station number used to identify the stream,
sample station, and study plot are given in Table 1,

Table 1: Station identifiers, type, locations, basin sizes and initial collection date
at Hayward and Holmes Breok

[Station # [Treatment Latitude T ongitude Area Data collection
(study plot) (k)
station 1 election 4551 57 65 09 27 4.8 [March 1994
INBO1BUGOT2* r jutomated
station 2 lselecn'on 45 51 54 65 09 50 1.2 March 1994
INBOLBLIOO77*
station 3 Ino-harvest 45 52 10 65 11 37 i.8 March 1994
[NBO1BUOO78* imanual discharge
statton 4 o-harvest 45 52 30 6511 16 1.6 March 1994
NBOLBUOO73* utomated
station 5 [30-metre 45 52 18 65 11 05 7.2 March 1994
INBO IBUDO74* utomated
station 6 }0-metre 45 52 22 65 11 16 2.34 [March 1994
INBO1BUOOT75* buffer
station 9 60-metre k553 17 65 08 46 6.0 April 1995
INBO 1BUOOS 1+ butfer RButomated

®  (National water quality station identification number)

In May-June 1995 road construction and treatments began, Treatments consisted of clear
cuiting up to the designated buffer width on both sides of the stream (Table 1). Atstudy plot1a

selection harvest occurred within the buffer according to a pre-determined harvest plan {Krause,
1997).
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Methodology:

Field sample data and, laboratory analyses were processed in accordance to standard
procedures (Pomeroy et al.1996). Approximately 850 surface water grab samples were collected.
The ion exports were calculated from surface water ion concentrations and the associated hourly
specific conductance and discharge. A regression of ion concentration data (mg/L) and discharge
data were used to constructed a dataset of daily ion exports (Keq.day/surface unit area).
Regressions were not used in study plot 3 or for correlations less than r = 0.7 (Table 2).

Table 2: The correlation for regressions used to calculate the daily

mean concentrations
(correlation greater or equal to r = 0.7 were used: bold correlations were not used )
Plot 1 Plot 4 Plot 5 Plot 6 Plot9
Calcium 0.9 0.9 0.9 0.9 0.9
Bicarbonate 0.9 0.9 0.9 0.9 .9
Sodium 0.9 0.5 0.9 0.9 0.8
Magnesium 0.9 0.9 0.9 0.9 0.9
Sulphate 0.7 0.5 0.9 0.9 0.8
Potassium .1 0.9 0.7 1.5 0.7
Chloride 0.4 0.5 0.7 0.9 0.8
Total Inorganic Carbon .9 0.9 0.9 0.9 0.9

Daily mean exports using regressions were not calculated for conductivity, nitrate-
nitrogen, total phosphorus and metals due to low correlations. These exports were calculated from
the smaller dataset of grab samples. Outliers and extremes values shown in the boxplots represent
data points which are outside the; [ 75" percentile (mean -+ standard deviation) + 1.5 {an outlier
coefficient) *(75™-25" value)]. Extremes are data points which are greater than the [75" percentile
+ 3.0 (outlier coefficient) *(75"-25")] (Statistica, 1995).

[

Results:

The years of comparison are based on a “water year” of August 01 to July 31. This period
is not the standard October - September water-year for Atlantic Canada but, the earlier date
provides a larger data set. The movement of the ‘standard’ water-year still meets the guideline of
beginning a water year when the water storage is at or near the yearly low values (Brimley, 1997).
The August 01, 1994 - July 31, 1995 data represents pre-harvest data. The forest treatment
occurred in fate 1995. The second and third yeats of the study represent post-harvest data (August
1995 - July 31, 1997) (Figure 1).

Figure 1 Waler ysar used In Hayward Brook Watershed Study
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The harvest treatment occurred over a seven month period and was completed by December 1995
(Table 3).

Table 3 : The dates of treatment for each watershed within the Hayward Brook

Watershed Study
Study Plot Start Date Finish Date
Plot 1 June 01, 1995 September 01, 1995
Plot 3 no treatment no treatment
Plot 4 no treatment no lreatment
Plot 5 (eastern block) June 01, 1995 September 1905
Plot 5 (western block) May 15, 1995 July 15, 1995
Plot & July 0t, 1995 September (01, 1995
Plot9 (eastem block) June 01, 1995 December 01, 1995
Plot 9 (westem block) July 01, 1995 September 30, 1995
Plot 9 (southern block) June 01, 1995 September 1995

Using geographical software (SPANS) the percentage of watershed area harvested and
area of selected land uses were calculated (Table 4, Map 1).

Table 4: Area (Km?) and Area Percent of Attributes
of each land-use within the seven sub-basins in the
Hayward Brook Watershed Study

Study Plot clear natural roads select wood Total
cut state cut road
1 Area (k) 0.10 3.9 0.04 Q.8 4.9
Area % 2.3 80.8 0.8 15.0
3 Area (km2) 0.06 1.8 0.002 1.8
Avrea {%) 3.0 96.6 0.13
4 Area (km2) 1.3 0.03 1.7
Aren (%) 76.0 1.6
5 Area (lan2) 0.50 1.0 0.03 7.6
Area (%) 7.0 92.4 0.4
6 Area (km2) 0.4 2.0 0.01 0,003 2.3
Area (%) .0 82.0 0.4 0.09
9 Area (km2) 0.7¢ 4.9 0.06 0.} 6.0
Area (%) 12.0 310 1.0 57
Total 1.78 21.1 0.2 1.1 0,005 24.3
(km2)




[

(1

|-

r—/ L .1

]

Map 1. Subbasins and treatments in Hayward Brook Watershed Study
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Clear cut harvesting was by a tracked feller buncher. The trees were cut whole and faid in
piles adjacent to the cut trail. The trees were limbed, cut te length and, sorted by a tracked
processor. The limbs remained on site as slash and were used as a road bed. Field observation of
the tracked equipment found minor soil disturbance. The logs were transported from the cut site by
a wheeled porter. The weight of the logs in this vehicle caused a large amount of rutting in all
plots. A significant runoff was observed at study plot 9, Holmes Brook due to soil rutting. The
ruts created ditches which directed water flow down the slope of the clear cut. Here the water
pooled and pushed through a 60 metre stream buffer. In study plot 1 a selection harvest occurred.

Selected trees were cut by chainsaw and winched through the riparian zone by a skidder located in
the clear cut area (Krause, 1997).
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Discharge:

The discharge in each plot showed similar yearly events. Noted differences were attributed

to the watershed size, soil type and forest cover. The watersheds range in size from 1.7 to 7.6 km’

(Table 4). The data was normalized for basin size and is disc

ussed as runoff per unit surface area

(Figures 2,3). Gaps in the data for study
6 which is located one kilometre downs

plot 3 were calculated using a regression with study plot

tream,

Figure 2 Mean monthly runoff {mm) pet unit surface area at
study plots 5,6,3 of Hayward BrookWatershed Study between
August 01, 1994 to July 31, 1997
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Figure 3 Mean monthly runolf (mm) per unit surface area
at study plots 1.4,9 in the Hayward Watarshed Study betwoen
August 02. 1994 and July 31, 1997
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The runoff range shows similar patterns for all streams which suggest similar precipitation
amounts over the study site. Although the first year of precipitation contained five dry months the
last seven months had sufficient precipitation to make the yearly mean discharge similar to the

following two years (Figure 4).




Figure 4. Boxplots of the daily mean discharge {cms} par yaar
at sach study plot within the Hayward Brook Watershed Study
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The yearly mean discharge was analyzed using an Anova . This analyses using a post hoc
LSD mean comparison test indicated a difference at study plots 1, 5, and 6 (Table 5).

Table 5 : p-value results (marked differences are significant at p< 0.050) for one way ANOVA
for daily mean discharge (m®) during Pre-harvest -year 1 versus Post Harvest Years 2 and Year 3

]

1 [-

L

-1 [ 1]

1

for each Study Plot in the Hayward Brook Watershed Study. Period of study is August 01, 1994

10 July 31, 1997 (water-year is From August 01 to July 31 of each year)

Study Plot Compare ANOVA for study Study Plot Compare ANOVA for study plot
Years plot and Year of Years and Year of Discharge
Dlscharge
1 1-2 000 5 1-2 041
1 1-3 J008 5 1-3 .420
} 2-3 .965 5 2.3 004
3 1-2 352 [ 1-2 .029
3 1-3 723 6 1-3 .399
3 2-3 .564 6 2-3 .184
4 1-2 982 9 1-2 .192
4 1-3 693 9 1-3 616
4 2-3 709 9 2-3 071
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Chemistry:

A difference in the yearly mean export of ions was detected using an Anova, The year of

activity was used as the independent variable. Within the eighteen sets of data means of five ions

did not differ (Table 6).
Table 6 : Analyses of variance for the export of water chemistry variables
Varlable F-ratlo p- Varlable F-ratio p-value
value

Nitrate 146 0.103 | Sulphate 53.02 0.000
T. Nitrogen 3.14 0.000 Potassinm 6.02 0.000
Bicarbonate 144,39 0.000 ] Calclum _ 144.26 0.000
H+ 2,32 0.002 Manganese 1,57 1.066
Sodium 15.32 0.000 | Iron 1.64 0.050
Magnesium 3%9.46 0.000 Zine 1.64 0.050
Aluminum 2.86 0.001 TOC 4.40 0.000

| _Stlica 2.06 0.007 | TIC 109.40 0.000
T. Phosphor. 0.99 0.461 | Chloride 5.06 0.000

Exports of the essential nutrients, nitrate-nitrogen and total phosphorus did not change

during the study. An export of ions after a treatment is usually detected in the second to third year

during high discharge events as is seen in the export of nitrate-nitrogen (Figure 5). Studies have
found that the essential nutrients such as nitrogen and phosphorus are often transported mainly

during high discharge events (Flill, 1986).
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Flgure 5: Boxplol of nliirate-nitragen export {(Kg.day/unlt area) for each
study plot in the Hayward Brook Watershed Siudy
during August 01, 1994 10 July 31, 1997
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A post-hoc LSD comparison test was used to determine in which years the mean exports of
ions occurred. Year 1 (pre-harvest) was compared to the post harvest years and, the post harvest
years were compared (Tables 7).

Table 7 : p-value results (marked differences are significant at p< 0.050) for one way ANOVA for chemical
variables during pre-harvest -year 1 verses post harvest years 2 and year 3 for each study plot in the Hayward Brook
watershed study. Period of study is August 01, 1994 to July 31, 1997 (water-year is from August 01 to July 31 of

each year)

Study | Compare | Mg Ca K Na HCOY | Q1 H+ Total TI- TO- S04
Plot Years NltroEen carbon | Carbon

1 1-2 000 026 F 809 | .000 | .000 .965 .BR7 976 005 .969 N
1 1-3 000 001 1 .871 | .000 | .000 929 663 552 000 585 000
1 2-3 277 334 | 955 | .703 | .204 957 742 544 287 585 537
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5 1-3 982 881 | 749 | .877 [ .o00 .808 .459 745 976 498 -§45
5 2-3 607 228 | .099 1 .227 [ .947 171 703 827 211 351 .234
6 i-2 060 000 | .192 | .06 { .000 000 947 .380 000 150 00
6 1-3 000 000 | 894 1 000 | .000 008 612 .660 008 451 000
6 2-3 000 000 | .183 | 002 | .049 005 566 711 000 035 000
9 1-2 .580 997 1.237 1 .81% | .500 567 .382 959 601 392 775
9 1-3 .487 562 1.798 1.124 [ .202 .320 050 .182 269 04 431
9 2-3 212 564 | .150 §.191 | 549 117 007 .159 560 000 .283

The mean export of potassium was not found to differ from year to year. Potassium is
quickly utilized by vegetation and, if leaching occurs it usually happens in the year following the
treatment during high discharge events (Figure 6).

Figure &: Boxplots of polasslum exporis {keg/day/unit araa)
for each study plot in Hayward Brook Walershed Study
during August 01, 1994 to July 31, 1997
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Calcium and magnesium exports were found to differ at study plots I and 6. Calcium
exports in study plot 1 appear to increase in proportion to discharge which suggest that the export
is not a function of increased nutrient loss (Figure 7). Exports at study plot 6 show less
dependence on the discharge.
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Figure 7: Boxplois of calcium exporis {Keg/day/unit area)} for each study
plot in the Hayward Brook Walershed Study during
August 01, 1994 10 July 31, 1997
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Figure 8: Boxpiols ol magnasium eéxports (Keg/day/unit area} 1or each
siudy plot In 1he Hayward Brook Watershed Study during
August 01, 1994 1o Juiy 31, 1097
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At treated study plots the exports of sodium, bicarbonate, chloride and sulphate were
identified as having yearly means which differed.

Figure 9: Boxploie of sodium exports {keq/day/unil area) tor each
siudy plot In the Haywrd Brook Waterahed Study during
August 01, 1994 10 July 31, 1997
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Flgura 10: Boxplois of blcarbonate export (keq/day/unit area) for each
study plot in the Hayward Brook Watershed Siudy during

August 01, 19%4 10 July 31, 1997
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Figure 11: Boxplols of sulphate axport (keg/day/uhit area) for aach
sludy plot in the Hayward Brook Watarshaed Stugy during
August 01, 1994 10 July 31, 1997
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Figure 12: Boxplots of chloride export {keg/day/unil area) for each
siudy plot in the Hayward Brook Walarahad Study during
August 01, 1994 to July 31, 1897
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Study plot 9 had a higher export of hydrogen ions due to elevated discharge events and

associated organic carbon,
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Figurs 13: Boxplois ol hydrogen ion sxports {(keq/day/unit area) for sach
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Organic carbon exports are generally low in forested ecosystems. Higher fluxes of
dissolved organic carbon are associated with high discharge events when accumulated soluble
carbon is flushed from the leaf layer and soil. Atlow discharge a large percentage of the soluble
carbon is adsorb by mineral soils (David et al, 1992)

Figure 14: Boxplois of iolal arganic carbon exporia (keg/day/unit area) for eac
siudy plol In the Hayward Brook Watershad Study during
August 01, 1994 to July 31, 1997

as
34 I ] 1 (82.2)
= az } ; I L
aQ | L - ey {81.7)
e A 5
2 26 bl 7ge -
24 - 25%
g 22 4 [ Madian a
2 20 r o Qutlisrs ». jo)
= :g M| Exttamas e
§' 14 oo g
e 12 o
g 10 = &
- | ['L' s o e -
IF O i - [ T erdan i - -
S e T TR e
;i 6 @ [ R e - b 10
3 £ g g £ g £ § £ T b 2 s g £ g 4
5 & & b 8% & 8§ % % B OB OE G O§ OB G O: %

S/Y = (elation/yaar)

The range of specific conductance (usie/cm) is attributed to forest soil units and cover type
(Pomeroy et al. 1997). The low ranges at study plots I and 3 occur in the Sunbury soils to the
south, The higher range found in study plots 5 and 6 are associated with the central Parry soils.
To the north the Salisbury soils produce mid range values (Figure 15).
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Figure 15: Boxplots of spacific conductance (usie/cm) for each
siudy plot in the Hayward Brook Watershed Study during
Augusi 01, 1994 to July 31, 1997
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Apparent or of true colour is generally below 30 relative units. During rain events the

suspension of sediment and input of erosien caused values to peak in areas of road building (Figure
16).

Figure 16: Boxplois of apparen colour (relative units) for each
study plot In the Hayward Brook Watershed Study during
August 01, 1994 10 July 31, 1997
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Median turbidity values were generally betow 1 JTU with elevated values occurring during
storm events and associated high suspended sediment concentrations (Figure 17).
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Total sediment concentrations are based on manually collected samples. A sample was
collected when the water column appeared to have a high turbidity {Figure 18).

Total Sediment {mgA)

Figure 18
for each

: Boxplots of total concantration of sediment (mg/L)
study plotl in the Hayward Brook Walershed Study
during August 01, 1994 10 July 31, 1987
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The export of extractable metals (kg.day/unit surface area) were calculated from spatial
surface water grab samples, A difference in the mean was detected for only aluminum (Figure 19),

Figura 19: Boxpiots of aluminum axpon (kg.day/unit area) for each plot
for each study plot in the Hayward Brook Watershed Study
during Augusi 01, 1994 1o July 31, 1997

1.35 ey —I_ Non-Cullier Max |-
Nen-Cutlier Min

1.25 feren. Non A
15 e j— 259
2 1.05 peusere. A Median
E 0.95 b--eeued ©  Outllers
I_E 0.85 feoeeeen M Extremes
g ors
g Q.85
=4 0.55
& o045
£ 0.35
2025 [ b bbb T L e T
£
E 015 | A SN S OO o 00 0 1= 00 020
< p.05

-0.05

S/Y=(station/year)

Zinc concentrations (mg/L) were elevated above the Canadian Water Quality Guidelines for a five
month period after the placement of a galvanized culvert at study plot 6 (CCREM, 1997).
Corrosion has been identified as the cause of zinc removal from culverts (Figure 20).

Figure 20: Goneentration of zinc (mg/L) and the daily mean discharge {cms)
at study plot 8 in the Hayward Brook Watershed Study
during August 01, 1994 to July 31, 1997
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Stream temperature data was collected every hour at five study plots. The temperature
ranged between -2.0 to 18 degrees with a mean of +5.0 and medians between 2 and 7 degrees
(Figure 21).
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Figure 21 Boxplota of temperature {dagrees Celsius) at auiomated monitering
stations in study piote 1,4,5,6,9 in the Hayward Brook Watershed Study
during August 1884 to July 1887 (siudy plot 9 based on two years)
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Discussion:

The Hayward Brook Watershed Study was funded by the Fundy Model Forest as a local
research project which would investigate the ecosystem response to various forest management
practices. Because of the Model Forests’ time frame the HBWS study period covered a four year
period (Figure 1). The period is unusually short when compared to studies which collected six to
eight years of pre-harvest data prior to forest treatment ( Ahtiainen, 1992; Hombeck 1973, Bari et
al. 1993, Jewett et al. 1995, Hicks et al, 1991) but, other studies have been based on a similar time
periods (Stevens et al. 1995, Lawrence et al., 1987). The data collection period was based on a
August 01 to July 31 wateryear. This wateryear is not the accepted October to September Atlantic
Canada wateryear but, the movement allows for a larger data set which begins during a low water
storage period (Brimley,1997). Wateryears differ according to the study location, In the Hubbard
Brook Experimental Forest in New Hampshire the wateryear runs between June 01 to May 31
(Hornbeck etal, 1970).

The watersheds sizes range from 180 to 760 hectares (Table 4). The mean monthly runoff
(mm) ranges between 0.5 mm to 7.0 mm per unit area (Figures 2,3) and the daily mean discharge
between 0.001 cms to 1.53 cms (Figure 4). The runoff values in relation to time provide a
comparison of the seasonal variation of each watershed (Figures 2,3). The peaks or ‘quick flows”
as used by Hornbeck (1973) and Bari et al (1996) to describe direct runoff from overland flow
occur in the HBWS streams at the same time. This similarity suggest that the precipitation is
uniform over the study area and the major influence on runoff is the physiographic variables {forest
soil units, forest cover type and basin size} more so than the climatic ones (Gan et al. 1990). The
influence of physiographic variables are found in study plot 5 which has the largest watershed size
and largest runoff (Figure 2) and, in study plot 4 which has the second smailest watershed yet has
the second highest runoff (Figure 3). The runoff curves for all the streams show a ranking of
watersheds in relation to one another up to November- December of 1995, In the winter of the
second harvest year the relationships appear to change.

The relationships of the runoff between study plots 5,6 and 3 show minimum changes
during the low flow periods (Figure 2). According to a study in Hubbards Brook Experimental
Forest the relative flow increases which occur in dry periods show water yield changes more
clearly than the larger absolute increases in wet months (Hornbeck et al. 1970). One noted change
is the increase in the peak runoff during the April snow melts. The runoff in study plot 6 increased
to similar values as seen in study plot 5 during 1996 and 1997. In the pre-harvest year 1995 the
runoff at study plot 6 was lower. These changes were not observed in the no-treatment study plot
3. To determine if a change had occurred an Anova of the daily mean discharge compared the pre-
harvest data with each post harvest year (Table 5}. Results indicate that the mean daily discharges
for the water-years did differ for various years at study plots 5 and 6.
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The analyses detected a difference at study plot 5 when the daily mean discharge during
the pre-harvest year (ul= 0.132 m’/second) was compared to the first post-harvest year (u2 =
0.144 m’/second), and when the two post harvest years were compared (u3=0,126 m’/second)
(Figure 4). No difference was found between the pre-harvest year (ul) and the second post harvest
year (u3). This indicates that the mean discharge at study plot 5 increased in the first post-harvest
year but returned by the following year. The large discharge events which occurred in the second
year resulted in the higher mean; u2 (Figure 4).

In study plot 6 a difference was detected between the pre-harvest year (ul = 0.035
m*/second) and the first post harvest year (u2 = 0.048 m*/second). No difference was detected
between other years ( u3 = 0.040 m*/second). This indicates that the discharge increased after
treatment and was beginning to decrease to pre-harvest levels in the second post-harvest year. The
discharge in the second post-harvest period was at a point where it was not different from the pre-
harvest or first post harvest years.

The runoff at study plots 1,4.9 also indicated a change (Figure 3). In the pre-harvest
season study plot 4 has the highest runoff and study plot | had the lowest. The runoff of study plot
9 lies between these curves. This runoff order changes after the winter of 1995 when study plot 1
produces the highest runoff for the remainder of the study. The runoff is the highest during the low
and mid months and all the plots have similar runoff during the spring snow melt events. The
analyses detected a difference in only study plot | which indicates the runoff increased in relation
to the other two streams (Figure 5). A difference was found between the pre-harvest year (ul=
0.057 m*/second) and both the first and second post-harvest years (u2 = 0.082 m’/second, u3 =
0.083 m*/second). A difference was not found between the two post-harvest seasons which
indicates that the discharge increased after treatment and remained elevated in the second post-
harvest vear.

. The similar yearly runoff at study plot 9 is attributed to the low percent of the watershed
cut adjacent to 60 metre riparian zone and, the harvest block locations, In each watershed a similar
amount of area was harvested but, at study plot 9 the harvest was divided into several smaller
blocks (Map 1) which would lessen any response.

In study plots 1, 5 and 6 the similar percentages of harvested watershed would accumulate
similar amounts of snow which would melt at the same time each during the post harvest yeats.
Other studies have found that increased flow during the spring melt is attributed to a increase in
snow pack in the harvested areas. One study in a lodgepole pine forest found the increase in peak
water equivalents averaged 34 percent with 100 percent of the trees removed. The larger amount
of snow accumutation was found to be due to the reduction of snow evaporation in tree crowns and
a redistribution of snow into the harvest blocks by wind (Schmidt and Troendle, 1988). In
Hubbards Brook, Hornbeck (1970) concluded that because the snow-melt is rapidly occurring over
a few weeks the presence or absence of a hardwood canopy has little effect on snow-melt rate. The
canopy of the Hayward project was a mixed which would shelter the ground snow causing a stower
melt. After harvesting the accumulated snow would melt earlier and quicker (Hornbeck, 19735).

Changes in the low to mid-range runoff was observed at plots 1,5,6. If the discharge
measurement estimate error of 5-10 percent (Gray, 1970) is considered plus the error associated
with determining the catchment area in low relief the certainty of change is reduced. These
variances when applied to the study plots would change the increase less in study plot 1. The
change in study plot 1 is larger than the 10 percent error during the summer-fall of 1996 and 1997
than in the other curves {Figure 3). Studies have show that when the forest canopy is reduced the
amount of transpiration is decreased and the amount of evaporation does not make up for the
difference. Up to 40 percent of precipitation may be retnoved from a watershed by
evapotranspiration (Hornbeck, 1973, 1975, Likens et al. 1977). The amount of change in the
basins is attributed to the forest cover type, soil units and the degree of harvest within the buffer.
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In study plot 1 the forest type was predominately mature red and white pine with little understorey.
In plots 5 and 6 the forest was mixed with large pine distributed within and a semi-heavy
understorey, When the mature pine were harvested from study plot I the evapotranspiration and
canopy interception was remeved causing an increase in stream discharge (Hornbeck et al. 1970).
The absence of understorey growth and sandy soils allowed surface water to move with minor
resistant. In study plots 5 and 6 the understorey provided a degree of canopy interception, water
uptake and evapotranspiration. Young trees often use water stored in the upper soil profile which
cause a decrease in the through-flow component (Bari et al., 1996). The differences in time for the
runoff to decrease is attributed to the amount and time of re-vegetation. In study plot 5 and 6 the
aspen sucklings re-established quickly in large numbers (Krause, 1997), whereas in study plot 1 re-
vegetation was slow reaching only a percentage of re-growth found in the other plots. The
importance of vegetation has been documented in other studies which found the absence of
vegetation to cause sizable streamflow increases and, regrowth of vegetation rapidly eliminated the
sumimer increases in stream flow (Hombeck, 1975, Bati et al, 1994).

The effect of a selection harvesting within the buffer is difficult to assess. Because the
understorey was left intact, soil rupture was minimal and size of the selection was minor compared
to the adjacent clear cut the response is considered to be minor (Krause , personal communication).
The selection harvest removed approximately 28 percent of the timber volume and left many
healthy trees. Studies have shown that the transpiratton rates are higher in trees on the border of
clear cuts due to the fact that their root extend into wetter cut strips (Hommbeck, 1975). This
increased uptake would also make the remaining buffer more effective in absorbing nutrients and
water,

The Anova of yearly mean exports of water chemistry ions (kg.day/unit area) using the
water-years as the dependent factor did not detect a difference in nitrate-nitrogen, total phosphorus,
manganese, iron or zinc (Table 6). Other ions were identified as having a differing variances but,
several of these contained small variances between and within the group mean producing a F-ratio
close to 1.0 (Table 7). This group included total nitrogen, hydrogen, aluminum, silica, potassium,
total organic carbon an chloride. Although these ions can be highly mobile in the first year
following harvesting they can also be conserved through biological retention or immobility
(Dahlgren and Driscoll). Studies have also shown that if leaching occurs the concentrations
usually peak in the first post harvest year after the forest floor nutrient and associated microbial
population decrease. This period is required for decomposition of vegetation to reach a level where
leaching may occur (Steven et al. 1995, Dahlgren and Driscoll , 1994). Naslas et al. (1994) found
that greater nitrification occurs in open areas than in wooded areas and the associated uptake of
nutrients and microbial utilization is also greater in wooded areas. The 12 to 17 percent of the
harvested watershed plus the rapid regrowth in most study plots would reduce the amount of
nitrification and increase the amount of nutrient uptake. The post-hoe LSD test identified
consistent differences between years in study plots 1 and 6 (Table 7). Sporadic differences were
detected at the other study plots but, the inconsistencies suggest an event disturbance. The post-
hoc test on individual years identified magnesium, calcium, sodium, bicarbonate, sulphate and total
inorganic carbon as having a detectable difference in mean export.

At study plot 1 the analysis indicates that the exports increased in year two and maintained
the higher exports into year three. At study plot 6 differences in mean exports were detected in all
three comparisons indicating that the export increased in the second year but, began to retumn
during the third year. The total export of the ions at study plot 1 increased in proportion to
discharge. The runoff (Figure 4) shows a slight increase in year two and a similar increase is seen
in the specific conductance (Figure 15). The specific conductance also shows that study plot 1
reacted difference from the other plots in that the maximum values decrease over the three years
but, the mean increased indicating that more ions moved into the watercolumn with the increased
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runoff. This increase is attributed to the movement of ion through the sandy soil and low nutrient
uptake of vegetation of the harvest area. The opposite pattern occurred at study plot 6 where the
runoff (Figure 4) increased slightly in year two but, this caused a decrease in the mean specific
conductance through a dilution factor. Figure 22 shows the export of ions in kiloequivents per day
per unit surface area for study plots 1 and 6. In both study plots the main cation is calcium and the
main anion is bicarbonate with higher concentrations of sulphate at study plot 6 (Figure 22).

Figure 22 The exports of ions (keq.day /unit area) al study plots 1t and §
al Hayward Brock Watershed Study during August 1994 to July 1997
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As the nutrient export from the treated areas did not change after harvesting and the slash
remained in the harvest blocks the accumulation of nutrient in the HBWS area should maintain a
balance for future growth. The Hubbard’s Brook Study concluded that the major input of basic
cations into an ecosystem are from bulk precipitation and weathering, but a balance is maintained
due to biomass accumulation and stream outflow (Driscoll 1989).

Road building is always identified as the major impact to aquatic systems from landuse
changes. A study by Anderson and Potts (1987) found soil additions during road building and
surface erosion adjacent to cutverts accounted for most of the increase in sediment yield. During
road construction two 21 foot bridges were constructed below the water monitoring stations and
one galvanized road culvert was installed in study plot 6. During installation of the main bridges
there was no visual impacts to the streams. Equipment traveled across the streams on floats and
excavation was set back from the stream. Over the three years there did not appear to be erosion
problems associated with these structures. The culvert installed at study plot 6 was sufficiently
large enough to allow large atypical flows to pass and the banks were stabilized with hay and rock.
Although the culvert was installation correctly, high sediment loading from an old woods road
occurred with cach rain event. The road is postioned down the ridge to the west of the stream and
directs the runoff through the 30 metre buffer below the monitoring station of study plot 3. The
turbidity measurements show high values at study plots 6 and 9 in year two and three (Figure 17).
One elevated reading is associated with a November, 1995 storm. During the same storm a culvert
adjacent to the buffer of Holmes Brook was not properly channeled and directed surface water
down a slope and through the 60 metre buffer, The discharge from this culvert was redirected and
the problem was corrected. Another event occurred at study plot 9 on June 19, 1997. The
turbidity reading was 34 NTU’s , colour was 200 rel units and aluminum was 2.9 mg/L. The
circumstance surrounding this event is assumed to be from a road culvert upstream which received
road repairs.
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High turbidity is usually associated with elevated colour, suspended solids and aluminum
(Figures 16, 17, 18, 19). Studies have found turbidity values to have an excellent to poor
correlation with suspended solids depending on the particular system of study ( Anderson and
Potts, 1987). The correlation of turbidity to suspended sediment for the HBWS does not provide a
accurate relationship because suspended sediment samples were collected only during high
turbidity. A correlation between aluminum and other variables indicates that concentration of
aluminum is closely explained by turbidity (r =0.63) and total organic carbon (r=0.25. Studies
show that the suspended sediment is the major source of aluminum (Johnson et al. 1969) which is
released through erosion. Other studies have found that aluminum concentrations are more related
to a decrease in acidity (Browne and Driscoll, 1993). Elevated colour during low turbidity were
found to be in response to clevated organic acids (Figures 16, 14). Selected water samples show
the relationship of various water quality variables {Table 8).

Table 8: Selected water quality variables for five precipitation events at study
plot 6 in the Hayward Brook Watershed Study

Study Date Turbidity | Aluminum Apparent TOC/TIC Suspended

Plot {(NTU) (mg/L) Colour (mg/L) Sediment (mg/L)
(Relative
nits)

6 Janl?/ 93 2.7 0.4 13 5.4/ 3.2 52

[ Nov 08/95 46 0.40 270 17.3/1.7 272.0

6 Sept 14/96 2 0.19 55 10.6/ 7.2 5.0

9 Dec 06/94 6.3 (.14 70 9,8/ 3.3 5.0

9 Nov (18/95 29 0.34 190 15.2/0.7 320

g Sept 14/96 20 0.24 100 15.4 /2.5 7.0

B Jun 19/97 32 2.9 200 3.4/3.2 not collected

Another response to road+building occurred in July 1995 when a galvanized culvert was
installed at study plot 6. The concentration of zinc increased in surface water over a four month
period (Figure 20). The concentration on July 24 was 0.03 mg/L, the maximum concentration for
the protection of aquatic life (Canadian Water Quality Guideline). The turbidity was twice the
mean (3.0 JTU}) and the organic carbon concentration was 3.5 mg/L {mean of TOC = 2.1 mg/L).
Zinc continued to leach and produce high concentrations for seven additional samplings (3.0 mg/1).
The low turbidity values indicate that abrasion which is one of the two noted processes which
contribute to galvanized pipe durability was net the major factor (Bednar, 1989, Noyce et al.
1975). The most significant process is corrosion of the pipe in waters not suited for galvanized
metals. In waters which have a certain combination of pH, conductivity, resistivity, hardness and
alkalinity corrosion, a reaction of steel, zinc and water occurs, In the HBWS corrosion increases
and the protective scaling process (CaCo3, MgCO03) from hardness and alkalinity is reduced. The
HBWS has moderately soft waters, high alkalinity and sulphate, and, a high specific conductance
which enhances the conduction of an electrical current and promotes corrosion { Hicks etal. 1997
-unpublished report). Zinc being a heavy metal is ubiquitous and is readily dissolved and
transported in water (Barak and Mason 1989). When leached into the water column heavy metals
will exist as a free ion or complex with an organic ligand (fulvic, humic organic acids), and
inorganic ligands (-OH anion, charged soil particles) (Evans 1989, Forstner 1982). Studies have
shown that the major carriers of metal compounds is the fine silt and clay fractions, as found in the
study area (Forstner, 1982). The large molecules containing the complex metal settle on the stream
bed and are suspended during high discharge. An example of the suspension occurred on
September, 19, 1995 when the concentration of zinc measured 4.0 mg/L and the associated
carriers increased (TOC = 5.2 mg/L, turbidity = 2.4 JTU and colour = 40 relative units). Five
months after the culvert was installed the concentrations of zinc measured 0.02 mg/L during a
November 8 storm. The low concentration of zinc was associated with an increase of colour from
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6 to 270 relative units, turbidity to 46 JTU, TOC to 17.3 mg/L and suspended sediment to 272
mg/L. On November 9 zinc concentration were found at (.01 mg/L and remained at the detection
level of 0.01mg/L. The lower concentration of zinc indicates the coating had completely been
corroded. The availability of metals to biota is influenced by chemical form, water chemistry and
relative distribution between soluble and particulate fractions (Barak and Mason, 1989). Studies
have found that the streams receiving heavy metals show major alterations to the macroinvertebrate
community. In one study a ten day experiment showed the abundance of a number of
macroinvertebrate taxa and dominant groups subject to various concentrations of zinc and copper
was reduced by 57% (Clements et al. 1988). Several other studies have documented the
bioavailibility of zinc in macrophytes, invertebrates and various species of fish ( Sprenger and
Mclntosh, 1989, Hattum et al. 1991). In the trophic level of fish results generally show that larger
fish tend to concentrate higher concentrations of metals (Barak and Mason 1990) and data tend to
show a net mineral loss, retarted skeletal calcification, inhibited yolk resorption and an overall
physiological imbalance due to combinations of trace metals (Sayer et al. 1991, Christopher etal,
1990, Anadu et al. 1989).

The temperature in the streams range from - 2.0 celsius to a high of 18 celsius. The higher
values in study plot 4 were due to the low water level during the 1994 summer. The shade of the
forest maintained a mean of 5 degrees. In each treatment study plot the temperature in second
year contained higher maximum values. In study plots 5 and 6 the median temperature decreased
in the third year. The decrease was not observed in study plot 1. The difference in the forest
regrowth rates in the plots could be attributed to the difference. Studies have shown that forest
harvesting increases incoming radiation and disturbs the soil to an extent that an increase in water
temperature and biomass occurs (Holopainen and Huttunen, 1992).

Conclusion:

The three years of data for the Hayward Brook Watershed Study suggest that the
harvest management planning for this area must consider the width of the stream buffer, the density
and age of understorey and the percent of watershed cut when setting out a harvest plan. Results
indicate that if a watershed has a heavy understory then a least 17 percent of the watershed can be
clear cut adjacent to a 30 metre stream buffer without causing an increase in runoff or nutrient
export. If the same conditions exist and a 60 metre stream buffer is used a larger percentage of
harvest is possible although the maximum area is not known at this time. In areas where the
understorey is low a clear cut is not suggested and the harvest method should be such that the
understorey is allowed to establish itself prior to more intensive harvesting, Data indicates that a
selection harvest within the stream buffers will not impact a stream if conducted with minimum
disturbance to the soils and understorey. The selection cut must allow sufficient timber to remain
to utilize possible enhanced nutrient flux from the adjacent clear cut. Erosion was a main impact
in the project. The heavy weight of a wheeled porter caused deep soil ruts in most clear cuts
whereas the tracked harvesters appeared to operate with minor soil rupture. The movement of
porters within harvest blocks and in the direction of the slope created a ditch for surface runoff
which directed water flow through 60 metre stream buffers. The lack of proper culvert channeling,
the use of geofibre and seeding also provides a ditch for surface runoff which could not be slowed
by stream buffers. An impact of erosion from a old haul road adjacent to the landowners property
caused heavy sediment load down stream at one of the monitoring stations. A management plan
should be implemented to address this issue for had a diversion been in place the sediment loading
would be minor at the water sampling station and the public perception would had been improved.
Another noted impact from road building is the corrosion of galvanized culverts in various streams
throughout the province. Due to the water quality type in many areas like the project a galvanized
product is quickly corroded and frees dangerous amounts of zinc to the environment. Zincisa
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The result of this study are based on a short period of data and general conclusions for
runoff based on yearly mean are drawn, A more intensive analyses is occurring in a master thesis
by Brent Stanley , UNB Forestry and will be released in the spring of 1999,
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