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ABSTRACT

Thi s paper provides 1999 and historical information on hydrol ogical conditions for
6 selected Atlantic salnmon (Salnmpb salar) rivers within the Maritime Provinces.
H gh and low flows for each river were cal cul ated based on historical annual high
and low flow series. Air temperature data was presented for 6 stations in the
Maritime Provinces. Streamwater tenperatures were reported in 3 river systens as
well as high tenperature events.

Di scharges were excessive for nost rivers in the winter of 1999 (January and
March). Record high nmonthly flows were observed in March in St. Marys River (NS).
The spring breakup of 1999 was early with peak flows in March. The spring
breakup was generally characterized as mld with nost rivers having floods |ess
than a 2-year flood event. Upsalquitch R ver and Northeast Mrgaree River
experienced the highest flood peaks close to the 5-year flood.

The early spring flood in 1999 resulted in low flow in June and July. Deficient
monthly flows were observed in all rivers during these two nonths and record | ow
monthly flows were nonitored in both WIlnot R ver (PElI) and Northeast Margaree
River (NS). On a daily basis, nost rivers did not fall to the 2-year low flow
this year. Southwest Mram chi River and Northeast Margaree R ver were the nost

affected in ternms of low water conditions and they reached a 10-year |ow flow
event.

River water tenperatures in 1999 were characterized by five events between md-
June and | at e- August. Nashwaak, Little Southwest Mranichi, Tobi que and Tonbgonops
Rivers all reached peak tenperature exceeding 29 «C in 1999. These high water
tenperatures were the result of the highest summer air temperature on record in
the Maritime Provinces (data going to 1940s). The nunber of days with river water
tenperatures exceeding 23 °C, nore than doubled this year. The nmopst affected
river was the Nashwaak River with 67 days of tenperatures exceeding 23 °C. O the
15 studied rivers, 7 rivers showed over 50 days with high tenperatures (> 23°C).



RESUME

Le présent article a pour objet de fournir de I'information sur les conditions
hydr ol ogi ques qui ont prévalu dans quelques rivieres a saunon de |'Atlantique
(Salmo salar) dans les provinces Maritines en 1999. Les caractéristiques de débits
de crue et d'étiage ont été cal cul ées pour chaque riviére en utilisant des données
hi storiques de débits maxi mum et m ni mum annuel s. La tenpérature de |’air est
présent ée pour 6 stations dans les provinces Maritinmes. La tenpérature de |’'eau a
été obtenue pour 3 rivieres, et les caractéristiques de tenpérature, tel que les
événenents de tenpérature él evés, ont été présentées.

En général, le débit des riviéeres était supérieur a la nornmal pendant |’ hiver 1999
(janvier et mars). En mars, un débit nensuel extréme fut observé sur la riviere
St. Marys (NE). La débacle en 1999 était plus avancée que la normale avec des
débits de crues en mars. Les débits de crue au printenps étaient assez faibles et
de |'ordre de 2 années de récurrence. Quelques riviéeres dénmontréerent un débit de
crue plus fort tel que la riviere Upsalquitch et la riviére Northeast Margaree
avec un débit d une récurrence d environ 5 années.

Les deébits élevés en hiver, suivi d un printenps avancé, contribua aux débits
faibles en juin et juillet. En effet, des conditions de débits inférieurs a la
normale ont été observées dans toutes les rivieres durant ces nois. Des
conditions de débits faibles extrémes furent observées sur les riviéres WI not
(I PE) et Northeast Margaree (NE) durant le nmpbis de juin. Sur une base journaliére,
les débits faibles de la plupart des rivieres étaient supérieurs au débit d' une
récurrence de 2 années. Les débits faibles des rivieres Southwest Mramchi et
Nort heast Maragree étaient plus séveres avec une récurrence de |’'ordre de 10
années.

Les variations dans |la tenpérature de |’ eau en 1999 peuvent étre caractérisées par
5 événenents inportants a partir de la m-juin jusqu a la fin aolt. Les riviéres
Nashwaak, Little Southwest Mramchi, Tobique, et Tonogonops ont atteint des
tenpératures supérieures a 29 °C en 1999. Ces tenpératures extrémes étaient le
résultat de tenpératures de |'air estival qui eux aussi étaient extrémes (données
qui datent jusqu'a 1940). Le nonbre de jours avec des tenpératures de |’'eau
supérieurs 23 °C a doubl é cette année. La riviere le plus sévéerenent affectées
était la riviére Nashwaak avec 67 jours de tenpérature supérieure a 23 °C. Des 15
rivieres étudi ées, 7 ont dénontré plus de 50 jours de tenpérature élevée (> 23°C).



| NTRODUCTI ON

An under standi ng of hydrol ogi cal conditions can be inportant in the managenent of
fisheries and aquatic resources. Sone events such as streanflow variability and
hi gh water tenperature can affect stream biota at different life stages and al so
during different seasons of the year. Salnonids can be affected by stream
di scharge extremes such as high flows (E wood and Waters 1969; Ernan et al. 1988)
or during low flows, the latter being often associated with high river water
tenperatures (Cunjak et al. 1993; Edwards et al. 1979). In order to increase our
know edge of environmental conditions of particular Atlantic salnmon rivers for the
pur pose of assessing Atlantic sal nmon stocks, we need to study the stream hydrol ogy

for these rivers and associ ated extrene events.

The objective of the present study is to analyze regional hydrol ogical data for
important Atlantic salnon rivers within the Mritime Provinces for use in aquatic
resource nanagemnent. The specific objectives are: a) to provide an overview of
the nmonthly precipitation at 6 sites and flow conditions for 6 rivers, b) to
determine the high and low flow nonths in 1999, c) to determine the frequency of
floods and low flow events in 1999, d) to identify abnormal streanflow events in
the Maritinmes Region, and e) to analyze data on air and water tenperature events

for sone salnon rivers in the area.

METHCDS
H storical and 1999 data on precipitation were obtained from Environment Canada
for 6 sites in the Miritime Provinces and nonthly precipitation data were

pr esent ed.

Regi onal hydrol ogi cal analysis was carried out using historical hydronetric data
from gauged streans and rivers in the study region. The 1999 hydronetric data were
obtained from Environment Canada, while historical data were obtained from
publications (Environnment Canada 1990). These data were used to calculate high
and low flow characteristics for different recurrence intervals (T-year events).

Annual flood flows and low flows were fitted to a statistical distribution
function in a frequency analysis to estimate the T-year events (Kite 1978). For
i nstance, the 25-year (T = 25) low flowis a |low flow which occurs on the average
every 25 years such that 4 |low flow events occur in 100 years on average. Flood
frequency anal ysis was based on a three-paraneter |ognornmal distribution function

and on historical annual flood observations (Kite 1978). In contrast, the type
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1l extremal distribution was used to estimate the low fl ow frequency events using

daily m ni num di scharge on an annual basis (Kite 1978).

Monthly flow characteristics for 1999 were conpared to long-term nonthly average
flow conditions. The high and low flow months were estimated for each river
system In the present study, a flow above the 75% percentile identifies an
excessive nmonthly flow condition while a flow below the 25% percentile denotes a

deficient flow (Environment Canada 1995).

Water tenperatures were studied for 15 sites throughout the Maritime Provinces.
Mean daily water tenperature values as well as peak tenperatures were considered in
the anal ysis. Al so, the nunber of days which each river exceeded 23 +<C was

anal yzed.

Study rivers

The study region conprises 6 Atlantic salnmon rivers within the Maritinme Provinces
for hydrol ogi cal studies and 15 water tenperature sites (Figure 1). These rivers
are: Upsalquitch R ver (01BE0O07, NB), Southwest Mramchi River (01BC001, NB),
WIlnot River (01CD003, PElI), Northeast Margaree River (01FB001, NS), St. Marys
Ri ver (01EC001, NS), and LaHave River (01EF001, NS).

The drainage basin of the studied rivers ranged from 45.4 knf (Wlnot River) to
5050 knf (Southwest Mranmichi River; Table 1). LaHave and St. Marys Rivers have
the longest daily discharge tinme series with over 80 years of record. The nean
annual flow (MAF), which is a function of drainage area, varies between 0.922 ni/s
for Winot River to 116 ni/s for the Southwest Mranichi River. To conpare
di scharge between basins of different sizes, the nean annual runoff was used. This
represents the nean annual flow (MAF) expressed in unit discharge in nm (di scharge
per drainage area). The region has a wde range of runoff characteristics
dependi ng on paraneters such as the anount of rainfall, soil type, etc. Northern
New Brunswi ck (NB) and Prince Edward Island (PElI) showed the |owest runoff wth
only 640 mm (Wl not, PEl) and 568 nm (Upsal quitch River, NB) conpared to nore than
double this value at 1485 in Cape Breton (Northeast Margaree R ver) Nova Scotia
(NS). The precipitation varies from 1080 mm in Northern New Brunswick to 1600 nm
in Cape Breton (NS) (Table 1). The coefficient of variation (CV) of monthly flow
characteristics showed nore stable flow regine for sone rivers than for other
rivers. For instance, Wlnot R ver has a nore stable flowregine with a CV of 0.49

conpared to Upsalquitch River with a CV of 1.01 (Table 1).



RESULTS

PRECI PI TATI ON I N 1999

Long-term precipitation data (1953-1990) are presented in Table 2 for conparative
pur poses. The highest nmonthly precipitation in 1999 was recorded in Charlo in
Septenber with a total value of 293 mm |In contrast, the |owest precipitation
recorded in the region was also in Northern New Brunswick at Charlo with a
precipitation in My of only 25.3 mm Mst areas showed above average
precipitation in March of 1999 and in New Brunswick in Septenber (Table 2). The
Sept ember high values in New Brunswi ck were due to the passing of tropical storm
Floyd in the area. The Maritinme Provinces showed bel ow average precipitation in
June and in May for sone sites in NB. O her nonths showed close to average

precipitation in 1999.

HYDROLOG CAL CONDI TIONS | N 1999

In general, winter flows (January and March of 1999) were excessive (Table 3a).
Flows were excessive in all rivers in the Mritinme Provinces during these two
nmonths. The greatest deviation fromthe long-termmonthly fl ow was observed in New
Brunswick and Nova Scotia with flows close to +200% (Southwest Mramchi R ;
Nort heast Margaree R and St. Marys R Figure 2). The St. Marys River experienced
record flows in March, with flows of 146 ni/s conpared to a 55.3 ni/s as average

(Tabl e 3a).

The spring high flow of 1999 was early with peak flows in March, resulting in
average to deficient flows in April and May. |In fact, many rivers were deficient
in April and May of 1999 (Wlnmot R, PEl; LaHave R NS; St. Marys R, NS; Figure 2
and Table 3a). Record low flow was measured in PEl in April of 1999, wth a

di scharge val ue of 0.88 ni/s conpared to the average val ue of 1.94 ni/s.

Sumrer monthly flows in 1999 were characterized as deficient between May and August
in nost rivers. During June and July deficient flows were observed in all Maritine
province rivers (Table 3a). R vers in NS showed greater deviation fromthe average
with values in the range of —-75% (Figure 2). Record |low flow was measured in June
in the Southwest Mranmichi Rver and Northeast Margaree River. The Sout hwest
Mranichi River flow was at 36.4 ni/s conpared to a |ong-term average of 112 ni/s.
The recorded low flow in the Northeast Margaree River was observed at 3.16 ni/s
conpared to the long-term average of 15.5 mi/s. In August, low flows were

predonminately in NB and PEl, while NS rivers showed normal di scharge.
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I n autum, excessive flows were nonitored in both Septenber and Cctober (Table 3a).
In Septenber these were nmainly concentrated in NB and PElI, with a record high flow
occurring in PEIl. WInot R ver showed a record high value of 0.90 ni/s conpared to
the long-term average of 0.43 ni/s. Excessive flows were also nonitored in Cctober

in Wlnot, LaHave, and Northest Margaree Rivers (Table 3a; Figure 2).

On a daily basis, peak flows in the Maritine Provinces occurred in general earlier
this year than in previous years. Mst peak flows occurred in March, although peak
flows occurred in January for NE Margaree (NS) and in WIlnot River (PEl). The
river which experienced the latest peak flow was Upsalquitch River with a peak
di scharge on May 05 of 373 ni/s (Table 3b). The peak flow for Upsalquitch R ver
represents a flow higher than the 2-year flood (Table 4). Mramchi River (NB)
experienced a peak flow of 580 mi/s on March 31, which is less than a 2-year fl ood.
WIlnot River (PElI) and LaHave R ver (NS) also experienced peak flows that were
| ess than a 2-year flood. Peak flowin WIlnot R ver occurred on January 10 and the
LaHave R ver peak flow occurred on March 17. St. Marys River experienced slightly
hi gher than the 2-year flood with a peak flow on March 16 of 393 ni/s. The river
nost severely affected by high flows in 1999 was Northeast Margaree River with a
peak flow exceeding the 5-year flood at 234 ni/s in January (Table 3b and Table 4).
Dai ly peak discharges were also nmeasured in Septenber of this year, especially in

New Br unswi ck.

On a daily basis, low flows were experienced in winter of 1999, particularly in
Northern NB (Upsalquitch R) and in Cape Breton (NE Margaree R). The nbst severe
low flow conditions in 1999 occurred during late sunmer, especially in Septenber
(Table 3b). The winter low flows were close to sumer |ow flow conditions in sone
rivers. For instance, a flow of 7.15 ni/s (Feb.) was nonitored in Upsal quitch
Ri ver and was conparable to the sunmmer low flow of 5.18 ni/s (Sept.). A so, flows
were low in winter in Northeast Margaree River at 3.8 m/s (Jan.) but higher than
summer values of 1.89 ni/s in June. Rivers in NB experienced |ow flow nore severe
than the 2-year low flow. For instance, Upsal quitch River experienced 5.18 ni/s on
Sept enber 06, which was a discharge | ower than the 2-year flow. In early Septenber
(06) the Southwest Mramchi River experienced a low flow of 12.3 ni/s, bel ow that
of a 10-year event. Rivers in Nova Scotia and PElI for the nobst part nonitored
di scharge higher than the 2-year |ow flow, except for NE Margaree which recorded a
record daily low flow in June of 1.89 ni/s. This flowis in the range of a 15-

year |ow fl ow event.
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In general, peak flows in 1999 were close to or below the 2-year flood event in the
Martime Provinces except for NE Margaree R ver, which experienced higher peak flows
than the 5-year event. For low water conditions this year, many rivers in the
Maritime Provinces showed flows higher than the 2-year low flow The two rivers
nmost affected by low water conditions were the Southwest Mramchi R ver and

Nort heast Margaree River with flows | ower than the 10-year event.

The occurrence of high and low flow events was studied for three rivers in the
Maritime Provinces over 4 decades (1960 to 1999). Results on high and low flow
events are presented in Table 6. Annual peak flows for Southwest Mramchi were
hi ghest in the 70s with 6 years having peak flow higher than 1000 ni/s (flow hi gher
than the 2-year flood). The 70s al so showed a high occurrence of wi nter and June
peak flows. Low flow events in the Mramchi were nore inportant in the 60s and
90s each having 6 years with flow lower than 20 ni/s (2-year low flow). Wnter |ow
flow can be inmportant in the Mramchi with the occurrence of one or two |ow flow
years per decade, and up to 60 days of |ow water conditions in 10 years (Table 6).
The occurrence of low flow events was nore inmportant during the summer period,

especially in the 60s and 90s with duration of over 100 days.

Data for St. Marys River showed that the 60s and 70s experienced the nost years of
peak flow having 7 years with peak flow higher than 400 ni/s (close to a 2-year
flood). The recent decades only showed 2 to 4 years. Wnter peak flows are much
higher in relative ternms than those of New Brunswi ck. Results showed that w nter
peak flows have been inportant during the past 3 decades (Table 6). June high flow
events were nost inportant in the 70s with 5 years of peak flow in June higher than
100 m/s. Low flows in St. Marys River are predomnately in summer and have been
consi stent throughout the decades. However, the duration of low flow conditions
has been nost inportant in the 70s with 116 days. LaHave River showed a consi stent
pattern in high flows with 4 to 5 years per decade. Wnter and June high flows
were nmore prevalent in the 70s. Low flow periods have predom nately been observed
in the 60s and 90s with 7 and 6 years respectively. The duration of |ow flow was

twice as long in the 60s and 70s than for other decades.

Al R AND STREAM WATER TEMPERATURES

Air temperatures were obtained for 6 stations across the Maritinme Provinces, at
Charlo (NB), Chatham (NB), St John (NB), Charlottewon (PEl), Halifax (NS) and
Sydney (NS). Mean annual air tenperatures were calculated for all stations and the

results are shown in Figure 3. In order to calculate the nean annual air
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tenperature in 1999, an average nonthly tenperature was assuned for Novenber and
Decenber (data not available for these nonths). From this figure it can be
observed that air tenperature varies depending on the location within the Maritime
Provi nces. Hal i fax showed the highest nean annual air tenperature and Charlo had
the lowest air tenperatures. The Charlo tine series is also shorter than data from
the other stations. Because of the shorter time series at Charlo, mean values for

the Maritinme Provinces will be calculated with and wi thout Charl o.

The mean annual air tenperature was calculated for the Maritime Provinces for the
year and during the sumrer only (Figure 4). It was observed that the overall nean
annual air tenperature was close to 5 «C for the year (Figure 4). This figure
showed a relatively warm period in the early 50s, with tenperatures higher than 5
«C and thereafter they becanme close to 5 «C again. The last 2 years (1998 and
1999) have been higher than normal with tenmperatures of 6.5 °C and 7.1-C. The
sunmer (from May to Septenber) tenperatures can also be of interest for fisheries
resources and they are also presented in Figure 4. The nean sunmer air
tenperature varied between 13.2 «C and 15.9 «C. Summer air tenperatures have been
bel ow 15 «C since the early 60s, except for 1998 and 1999 when val ues exceeded 15
*C. In fact, the highest tenperature since the early 40s was neasured in 1999 at
16.9 «C.

River water tenperatures were available at 15 sites within the Maritime Province in
1999. The high water tenperature events this year can be characterized by multiple
events fromJune to the end of August as presented for sites in the Mranichi River
(Figure 5). The first events occurred in June this year (June 14; day 165 and June
26; day 177). July experienced the highest water tenperature event of the sunmer
on or about July 18 (day 199). August also experienced two significant high water
tenperature events, the first on August 01 (day 213) and the second on August 28
(day 240).

During these high water tenperature events, many rivers reached mean daily water
tenperatures of 25 °Cin the Mramchi R ver (Figure 5). Such rivers included the
Sout hwest Mramichi River at Cassilis, at Mllerton, and at Wde. The Little
Sout hwest R ver also reached mean daily tenperatures of 25 °C. \Water tenperatures
at other sites in New Brunsw ck showed a simlar pattern, w th maxi num tenperatures
in late July (day 199; Figure 6). Tenperatures exceeding 25°C were nonitored in
both the Nashwaak and Tobique R ver sites. The Kennebecasis R ver site showed

col der water tenperatures throughout the summer season. The Mactaquac Fishway site
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showed nore stable thernal reginme as was observed in previous years (Caissie 1999a;
Cai ssie 1999b). Prince Edward Island water tenperature sites showed results
simlar to those in New Brunswick with the highest tenperatures reached in late

July (day 199; Figure 7).

Maxi mum recorded tenperatures are inportant for nost rivers, and they are
presented in Table 7. Maxi mumrecorded tenperatures in the Mramchi R ver system
in 1999 ranged between 24.5 +<C at Catanmaran Brook to 29.9 «C in the Little
Sout hwest Mramichi River. Oher rivers in New Brunsw ck reached similar values,
except for Tobique River at Arthurette, which reached a high of 30.6 °C. In PEl,
rivers reached high water tenperatures of 23 °C to 26°C. The naxi num water

tenperature was reached on July 17 or 18 for nobst rivers.

H gh tenperature events can potentially effect aquatic biota depending on the
recorded maxi num tenperature and the extent of such events. The last colum in
Table 7 presents the nunber of days with daily maxi num tenperature exceeding 23
*«C. The nunber of days with water tenperatures exceeding 23 «C ranged from2 to 67
days in the Maritime Provinces in 1999. R vers with fewer than 10 days i ncl uded
Cat amar an Brook, Kennebecasis River, and Mrell River at Gants. These are the
rivers which are less affected by high water tenperature events. Qther rivers were
nore affected by high water tenperatures. In 1999, many rivers experienced high
wat er tenperatures (> 23°C) for nore than 2 nmonths (60 days). These sites included
Littl e Southwest Mranichi River, Southwest Mranichi Rver at MIlerton, at Wade,
and at Cassilis. The highest nunber of days in the Mram chi R ver system was
observed at Little Southwest Mramchi River with 62 days (Table 7). Qher high
water tenperature sites in New Brunswi ck included Tobique River and Nashwaak
River. Nashwaak River experienced the highest occurrence of tenperature exceedi ng
23 «C with 67 days. Wen these nunbers were conpared to previous warm years
(Caissie 1999a; Caissie 1999b), the occurrence of high water tenperature events
was al nost double in 1999. For instance, in 1999 the Little Souhtwest M rami chi
Ri ver exceeded 23 «C for 62 days conpared to 16 days in 1998 (Caissie 1999b).
Al so Nashwaak Ri ver exceeded 23 °C for 67 days in 1999 conpared to 30 days in
1998.

To conpare water tenperature in 1999 to previous years, the long-term data series
from Catamaran Brook were used. Water tenperatures have been collected at
Cat amaran Brook since 1991 (Table 8). Hi ghest nonthly water tenperature to date
was recorded in July 1994 at 16.6 «C. In 1999, this high was exceeded during two
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nmont hs, July and August. The highest nmonthly temperature was recorded in July at
17.2 «C conpared to a nmean of 14.5 «C Monthly tenperatures were higher than
normal for all nonths from April to OCctober. Figure 8 shows the daily nean
tenperatures at Catamaran Brook in 1999. This figure clearly shows the above
normal water tenperature this year conpared to previous years. Water tenperatures
rose above normal in early My (day 121) and stayed above nornal wuntil late

Sept enber (day 271).

SUMVARY

In summary, the streanflow conditions during 1999 were characterized by an earlier
spring runoff in March, which resulted in very low nmonthly flow for June. Record
low monthly flows were observed in June for Southwest Mramchi River and

Nort heast Margaree River.

The spring runoff in 1999 was characterized as nmild in nmost rivers with peak flows
| ess than the 2-year flood with the exception of Upsal quitch and Northeast Margaree
rivers. Upsal quitch R ver discharge exceeded the 2-year flood and the Northeast
Margaree recorded the highest return flow at a 5-year flood event. Peak flows for

many rivers occurred in January to March this year which was early.

Low flows were not severe in PEl and part of NS with discharge higher than the 2-
year low flow R vers in NB experienced |ower flows wth Southwest Mranichi R ver
have a discharge lower than the 10-year low flow in Septenber. Northeast Margaree

Ri ver al so experienced | ower discharge than the 10-year event in |late June.

Mean air tenperatures in 1999 were the highest in the tinme series, which dates
back to the 40s for many stations. Many stations within the Maritime Provinces
recorded their highest sunmer air tenperature ever. These high air tenperatures

resulted in water tenperatures al so bei ng high.

H gh water tenperature during the sunmer of 1999 were the highest recorded in
recent years, however these maximum tenperatures were close to previous warm
sunmers (e.g. 1994, 1995). The year 1999 was different in the nunber of days
whi ch tenperatures exceeded 23 «C. In fact, many rivers exceeded 23 «C for over
50 days, wth Little Southwest Mranmchi R ver and Nashwaak River having the
hi ghest values at 62 and 67 days respectively. Conpared to previous warm years

the high water tenperature events in 1999 were nore than doubled in occurrences.
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Table 1. Characteristics of analyzed Atlantic salmon rivers in the Maritime Provinces.

River Area’ N MAF Runoff CVv Prec.
(km?) (years) (m’/s) (mm) (mm)
Upsalquitch River (NB) 2270 69 40.8 568 1.01 1080
Southwest Miramichi R. (NB) 5050 51 116 725 0.82 1090
Wilmot River (PEI) 454 28 0.922 640 0.49 1100
Lallave River (NS) 1250 83 34.4 870 0.59 1420
St. Marys River (NS) 1350 83 43.0 1007 0.54 1350
Northeast Margaree R. (NS) 368 82 174 1485 0.61 1600

Arca = Drainage area in km?; N = Number of years of data; MAF = Mean Annual Flow in m3/s; Runoff =

Uit discharge (discharge per unit of area) in mm; CV = coefficient of variation of monthly flows; Prec. =

precipitation in mim.



Table 2. Long-term monthly precipitation (mm) and conditions in 1999 for different areas in the Maritime Provinces. (First row of data represents the

long-term precipitation while the second row represents the condition in 1999).

Location Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec Total

Chatham A (NB) LT 85.2 69.5 86.6 86.3 88.1 84.5 97.8 959 87.8 95.2 1044 1055 1087
1999 1008 776 1852 4438 87.8 363 1026 102.1 205.9 w/a n/a n/a

Charlo A (NB) LT 89.3 63.9 844 766 872 843 98.6 98.5 89.4 90.0 87.0 974 1039
1999 98.3 724  190.1 39.5 25.3 78.3 116.1 86.5 292.8 n/a n/a n/a

Saint John A (NB) LT 1283 102.6 1099 109.7 123.1 1048 1037 103.0 111.3 122.5 1462 167.6 1433
1999 1644 1019 136.6 316 83.2 315 585 95.7 229.8 n/a n/a n/a

Charlottetown A (PEI) LT 106.3 915 922 918 968 91.1 81.6 88.6 94.1 111.7 1219 1332 1201
1999 97.3 61.7 1123 55.1 260 327 767 123.0 117.9 n/a n/a n/a

Sydney (NS) LT 1435 1263 1297 1134 1015 87.1 82.8 97.3 107.0 125.7 1540 1522 1417
1999 1740 2146 2538 1624 514 522 1188 100.8 47.8 n/a n/a n/a

Halifax Int. A(NS) LT 1469 1191 1226 1244 1105 984 968 109.6 94.9 1289 1544 1670 1474
1999 1595 1096 2374 593 586 447 569 89.1 121.3 n/a /a n/a

14!



Table 3a. Long-term monthly and 1999 average flow conditions for different Atlantic salmon rivers in the Maritime Provinces. (First row of data for each
river represents the long-term flow condition while the second row represents the 1999 discharges expressed in ni' /s).

River Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Upsalquitch River (NB) LT 14.0 10.8 132 88.6 158 53.8 25.7 18.7 179 272 347 258
1999 21.7E 12.4 17.8E 110 142 22.8D 109D 841D 34.8E 374 n/a n/a
SW Miramichi R. (NB) LT 56.7 49.8 66.4 316 318 112 60.0 547 54.1 89.5 116 98.8
1999 81.1E 73.4 196E 392 177D 36.4DR 26.0D 28.6D 93.8E 119 wa n/a
Wilmot River (PEI) LT 1.07 0.932 1.62 1.94 1.21 0.773 0.572 0.4%4 0.434 0.499 0.636 0.884
1999 2.14E 0.752 2.14E 0.881DR 0.716D 0.469D 0.399D 0.384D 0.898ER 0.936E n/a n/a
LaHave River (NS) LT 47.0 384 533 733 38.9 20.6 11.3 8.97 8.89 19.8 427 50.7
1999 57.0E 29.0E 91.5E 34.3D 16.6D 59D 2.32D 7.05 21.0E 33.6E n/a /a
St. Marys River (NS) LT 51.1 40.3 553 91.2 57.1 23.8 14.4 15.1 16.0 342 58.0 59.0
1999  66.2E 359 146ER 55.7D 24.5D 44D 576D 10.3 14.1 40.9 n/a /a
NE Margaree River (NS) LT 15.3 11.0 12.3 27.1 434 15.5 6.80 7.56 9.38 16.2 22.8 19.1
1999 274E 11.3 34.8E 233 24.0D 3.16DR 381D 11.6 8.25 233E n/a n/a

D= Deficient flow; E = Excessive flow; R = New record flow (see text for more details).

ST



Table 3b. Daily maximum and minimum flow conditions by month for different A tlantic salmon rivers in the Maritime Provinces. (discharges expressed in

3y

I /S).

River Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Upsalquitch River (NB) Min 159 7.13 89 313 369 129 7.36 6.09 5.18 24.4 30.0 n/a
Max 299 17.5 44.0 256 373 434 253 213 99.6 56.2 942 n/a
SW Miramichi R. (NB) Min 300 385 36.5 221 85.2 20.7 19.1 16.1 12.3 63.4 794 n/a
Max 262 116 580 527 375 69.3 43.6 108 508 267 305 n/a
Wilmot River (PED Min 0.68 0.44 0.57 0.74 0.61 0.39 0.36 0.34 0.33 0.89 0.57 w/a
Max 112 1.57 10.9 1.41 0.87 0.56 0.48 0.60 9.8 1.35 0.86 n/a
LaHave River (NS) Min 198 16.0 30.7 17 8.22 2.78 1.97 2.1 1.95 15.8 12.4 n/a
Max 103 54.8 153 77 33.8 14.0 2.98 21 110 65.0 48.0 n/a
St. Marys River (NS) Min 210 16.9 47.0 28.8 9.46 22 20 1.89 1.98 12.0 16.9 n/a
Max 182 105 393 110 71.8 9.26 343 48.6 37.7 105 68.0 n/a
NE Margaree River (NS) Min 3.8 54 9.62 11.2 6.30 1.89 20 2.06 3.29 6.1 7.29 n/a
Max 234 32.8 129 81.8 52.7 5.46 21.0 91.2 303 93.9 121 n/a

91
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Table 4. Flood frequency analysis (using a 3-parameter lognormal distribution function) for different
Atlantic salmon rivers in the Maritime Provinces and for different recurrence intervals (T) in years. All
flood flows are expressed in m/s.

Recurrence interval (T) in years

River 2 5 10 20 50 100
Upsalquiteh River (NB) 354 479 552 617 695 750
SW Miramichi R, (NB) 834 1164 1391 1613 1909 2137
Wilmot River (PED) 11.6 153 17.4 19.2 212 22.6
Lallave River (NS) 195 284 363 454 596 721
St. Marys River (NS) 382 509 593 675 782 863
Northeast Margarce R. (NS) 166 225 266 306 359 400
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Table 5. Low flow frequency analysis (using a Extremal type I1I distribution function) for different
Atlantic salmon rivers in the Maritime Provinces and for different recurrence intervals (T) in years. All
discharge values of low flows are expressed in m’/s.

Recurrence interval (T) in years

River 2 5 10 20 50 100
Upsalquitch River (NB) 552 3.99 332 2.85 242 2.20
Southwest Miramichi R. (NB)  19.8 15.1 12.9 11.2 9.70 8.84
Wilmot River (PLi1) 0.295 0.223 0.189 0.164 0.139 0.125
Lallave River (NS) 1.59 0.619 0.355 0.226 0.147 0.119
St. Marys River (NS) 1.64 0.682 0.407 0.267 0.177 0.144
Northeast Margaree R. (NS) 3.02 2.35 2.01 1.73 1.44 L.26
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Table 6. Results on the number years with high flow and low flow events by decades. Values in
purentheses represent the number of days within the decade with flows below the target value.

Southwest Miramichi River

Annual Winter June Annual Winter Summer
Period Q>1000 Q>250 Q>250 Q<20 Q<20 Q<20

m’/s m’/s m’/s m’/s m’/s m’/s
1960-09 2 0 2 6 2 (44) 5 (1206)
1970-79 6 5 3 3 0 (0) 2 27
1980-89 3 2 2 3 2 (60) 2 (34)
1990-99 3 3 1 6 1 (13% 5 (1199

St. Marys River
Annual Winter June Annual Winter Summer
Period Q>400 Q>300 Q>100 Q<1.6 Q<1.6 Q<1.6
m’s m’/s m’/s m’/s m®/s m’/s
1960-69 7 0 1 5 0 5 (111)
1970-79 7 4 5 4 0 4 (116)
1980-89 2 4 1 2 0 2 (56)
199099 4 7 3 5 0 5 (70Y
LaHave River
Annual Winter June Annual Winter Summer
Period Q>200 Q>150 Q>60 Q<1.6 Q<1.6 Q<1.6
m’s m’/s m’/s m’/s m’/s m’/s
1960-69 5 1 0 7 0 7 (390)
1970-79 5 5 3 4 0 4 (111)
1980-89 4 3 1 5 0 5 (129)
1990-99 5 5 2 7 0 7 (270%
Winter = Jan. to Mar.; Summer = Jul. to Oct.

* duration calculated from 1990 to 1997.
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Table 7. Stream water temperature characteristics in selected Atlantic salmon rivers in the Maritime
Provinces. ‘Temperatures in deg. C.

River

Maximum
daily mean

Maximum
recorded

No of days
above 23 °C

Catamaran Brook (NB)

L.SW Miramichi R. (NB)

SW Mira. R. at Sister’s Bk (NB)
SW Mira. R. at Millerton (NB)
SW Miramichi R. at Wade (NB)
NW Mira. R. at Cassilis (NB)
SW Miramichi R. at Nelson (NB)
Tomogonops River (NB)
Nashwaak River (NB)

Tobique R. at Arthurette (NB)
Mactaquae Fishway (NB)
Kennebecasis River (NB)
Morell River at Grants (PL
Morell River al McKenna (PEI)

Morell River at St. Patrick (PEI)

20.8 (Jul 18)
26.1 (Jul 18)
234 (Jul 17)
26.4 (Jul 19)
25.9 (Jul 18)
26.5 (Jul 18)
23.1 (Jul O1)
24.2 (Jul 18)
26.4 (Jul 18)
26.5 (Jul 18)
232 (Aug O1)
22.0 (Jul 18)
21.1 (Jul 17)
23.6 (Jul 18)

21.3 (Jul 31)

24.5 (Jul 17)
29.9 (Jul 31)
27.1 (Jul 17)
27.1 (Jul 19)
28.7 (Jul 17)
27.5 (Jul 18)
25.9 (Jul 17)
29.3 Jul 17)
29.4 (Jul 17)
30.6 (Jul 18)
23.7 (Jul 30)
24.0 Jul 17)
23.4 (Jul 17)
26.2 (Jul 17)

25.9 (Jun 13)

62

29

59

60

61

18

67

61

13

38

12
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Table 8. Monthly water temperatures at Catamaran Brook Middle Reach (located in central New
Brunswick, a part of the Miramichi River Basin). All temperatures are expressed in °C.

Month Apr May Jun Jul Aug Sep Oct
1991 n/a 7.76 12.45 * 14.66 15.07 * n/a n/a
1992 n/a 8.11* [1.55 12.15 12.86 11.56 5.58
1993 0.35 5.80 10.52 13.39 14.79 10.69 4.49
1994 0.75 4.98 12.41 16.58 1522 10.26 5.55
1995 0.99 5.89 13.52 16.24 15.26 9.88 7.18
1996 0.72 541 13.63 14.29 15.22 11.51 6.01
1997 0.38 3.84 11.48 1391 13.72 11.04 4.79
1998 2.55 8.91 11.40 14.70 14.27 11.31 6.51
1999 1.60 9.27 1522 17.23 16.52 14.16 5.84
Mihly Mcan 0.04 5.6l 12.19 14.46 14.51 10.82 5.60

Nolte : * indicates that these months had missing values, and therefore the average was calculated with a
reduced sample and these months were not used in the calculation of the monthly mean. June 1991 (28 days),
August 1991 (27 days), and May 1992 (19 days).



22

. 7 -
/’/

Water temperature
1 SW Miramichi R at Sisters Brook

2 Tobigue R at Arthurette
3 Kennebecasis R
g ) 4 Nashwaalk Fishway
r/ beé/é"@x@ 5 Mactaguac R
pd 6 Little Southwest Miramichi R.
g 7 3W Miramichi R at Nelson
e 8 Tomogonops R
_ I
a N m 9 SW Miramichi R at Wade
f Upsalq h N 10 SW Miramichi R at Millerton
. “River > 11 Catamaran Brook
e \R?veligou \ L/j 5/ 12 Morell R at Grants
— - >> 13 Morell R alt McKenna
N /1} 14 Morell R at St Patrick
:E?\?;Sue / 15 NW Miramichi R at Cassilis
A 7
N, N
||{12 lr:l' '\/j
[ Southwest / ej‘{) i
[{ Miramichi b 4J) S
| : 11 !
| \) &/%/;bttﬁ’ Rleéj - _:;;iﬁ . “7;f§x (f“ // )
Q}a FLAS {ILC % Margéree
. Nashwaak ‘)“J‘—M‘\ River

/
{

More]l“

314

River

ﬁ/—&)\’\ "

e i (\_{f

Flov
b e 1
b b W 0 160 km e
et ln q\j\v}" ——— O D O |$

Il_,_é‘\f\!
Figure 1. Location of water temperature stations on selected

Atlantic salmon

rivers in the Maritime Provinces.




Deviation from normal (%)

Deviation from normal (%)

23

200
[ Wilmot R. (PEI)
150 | Upsalquitch R. (NB)
B SW Miramichi R. (NB)
100 |
50
0
-50
100 I | I | | | | | | | |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
200
b) | LaHave R. (NS)
150 - 1 St. Marys R. (NS) .
B NE Margaree R. (NS)
100

-100 | | | | | I | | | | 1 | —
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 2. Deviation from normal monthly discharge in 1999 (in percentage, %)
for studied rivers in the Maritime provinces.
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Figure 3. Long-term annual air temperature at different sites within the Maritime Provinces
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Figure 8. Stream water temperature at Catamaran Brook (Middle Reach) from 1992 to 1999; Fourier series
represents long-term temperatures.
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