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ABSTRACT 

Stiff, H.W., Hyatt, K.D., Stockwell, M.M., Cox-Rogers, S., Hall, P., Alexander, R., 
Kingshott, S.C., Percival, N., and Stewart, B. 2015. Water temperature, river 
discharge, and adult Sockeye salmon migration observations in the Meziadin 
watershed, 1966-2012. Can. Manuscr. Rep. Fish. Aquat. Sci. 3019: v + 147 p. 

 

Historical meteorological and hydrological data were assembled to review the 
influence of changes in these environmental factors on patterns of adult Sockeye 
migration in the Meziadin River, British Columbia. Regional air temperature data 
collected at Stewart, B.C. were statistically related to intermittent water temperature 
time-series (1999-2012) sampled at the Meziadin fishway to hind-cast daily water 
temperature in Meziadin River for 1910-2012. Surprise Creek daily discharge (1967-
2010) provided the best predictor of historical Meziadin River flows, though these 
data could not replicate some observed Meziadin extremes. Frequency distributions 
of historical migration dates (1966-2012), weighted by the daily migration rate, were 
used to discern possible environmental thresholds defining high versus low 
migration classes. Peak-over-threshold analyses were applied to reconstructed time-
series to review long-term trends in temperature and flow by site.  

The climatology remains cool in this northern watershed, with estimated daily mean 

water temperatures of 14.1°C (maximum 19.5C) during Sockeye migration. Low 
daily migration rates (<1.25% of total escapement) were associated with water 
temperatures above 18°C. The average duration of “warm water” periods (>18°C) 
was < 1-2 days for recent decades, and is not trending. While “low flow” events 
(Surprise Creek discharge < 10th percentile of historic flows), which mainly occur 
after peak Sockeye migration, were not particularly associated with low daily 
migration rates, “high flows” (> 90th percentile) were often associated with delayed 
migration, migration stoppages, and low daily migration rate. Migration rates were 
near-zero at high water temperature and high flow combinations. The frequency of 
high flow events increased in the 2000s relative to previous decades, along with the 
mean and maximum duration of high flow periods.  
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RÉSUMÉ 

Stiff, H.W., Hyatt, K.D., Stockwell, M.M., Cox-Rogers, S., Hall, P., Alexander, R.F., 
Kingshott, S.C., Percival, N. et Stewart, B. 2015. Water temperature, river 
discharge, and adult Sockeye salmon migration observations for the Meziadin 
watershed, 1966-2012. Rapp. manus. can. sci. halieut. aquat. 3019: v + 147 
p. 

Nous avons colligé des données météorologiques et hydrologiques historiques afin 
d'examiner l'influence des changements de ces facteurs environnementaux sur les 
tendances de la migration du saumon rouge adulte dans la rivière Meziadin, en 
Colombie-Britannique. Les données régionales sur la température de l'air recueillies 
à Stewart, C.-B., ont été reliées statistiquement aux séries chronologiques 
intermittentes relatives à la température de l'eau (1999-2012) échantillonnées dans 
la passe migratoire de Meziadin en vue de prévoir a posteriori la température 
quotidienne de l'eau dans la rivière Meziadin de 1910 à 2012. Le débit journalier du 
ruisseau Surprise (1967-2010) s'est révélé le meilleur indicateur des débits passés 
de la rivière Meziadin, mais ces données n'ont pas pu reproduire certains des 
extrêmes observés dans la Meziadin. Nous avons utilisé les distributions des 
fréquences des dates de migration passées (1966-2012), pondérées par le taux de 
migration journalier, pour cerner des seuils environnementaux possibles définissant 
les classes de migration forte et basse. Des analyses des dépassements des seuils 
ont été appliquées aux séries chronologiques reconstituées pour examiner les 
tendances à long terme des températures et du débit par site.  

La climatologie demeure fraîche dans ce bassin hydrographique du nord de la 
Colombie-Britannique, avec une température de l'eau journalière moyenne estimée 

de 14,1 C (maximum de 19,5 C) pendant la migration du saumon rouge. Les taux 
journaliers bas de migration (<1,25 % de l'échappée totale) ont été associés aux 

températures de l'eau supérieures à 18 C. La durée moyenne des périodes d'eau 

« chaude » (>18 C) était < 1-2 jours au cours des dernières décennies et ne 
constitue pas une tendance. Si les phénomènes de « faible débit » (débit du 
ruisseau Surprise < 10e percentile des débits historiques), qui se produisent surtout 
après le pic de migration du saumon rouge, n'ont pas été spécialement associés aux 
taux journaliers bas de migration, les « débits forts » (> 90e percentile) ont souvent 
été liés à une migration retardée, des arrêts de la migration et un faible taux 
journalier de migration. Les taux de migration étaient proches de zéro lorsqu'une 
température élevée de l'eau était combinée à un débit fort. La fréquence des débits 
forts a augmenté dans les années 2000 par rapport aux décennies précédentes, tout 
comme la durée moyenne et maximale des périodes de débit fort.  

 

  





INTRODUCTION 

Maintaining healthy and diverse populations of salmon that will support sustainable 
fisheries in the present and for future generations is the key goal of the Department 
of Fisheries and Oceans’ Wild Salmon Policy (FISHERIES AND OCEANS CANADA 2005). 
This goal is advanced by safeguarding the genetic diversity of wild salmon 
populations, maintaining habitat and ecosystem integrity, and managing fisheries for 
sustainable benefits. 

However, management methods to meet sustainable fisheries and biodiversity 
objectives are likely to be affected by climate change impacts on the distribution, 
abundance, and productivity of wild salmon populations (Finney et al. 2002). 
Therefore, conservation, restoration, and harvest management of many wild salmon 
populations will require improvements in knowledge of the extent to which human 
disturbance versus natural disturbance events control variations in salmon growth, 
survival, and production.  

Within the general category of natural disturbance regimes or events, annual and 
seasonal variations in freshwater temperature and flow represent the most common 
factors exerting a major influence over salmon life history outcomes. Analyses of 
historical data indicate that significant changes in regional meteorological factors 
(such as air temperature and precipitation) that directly affect freshwater quantity 
and quality have already occurred in response to climate change in Canada’s Pacific 
region (e.g., Whitfield and Cannon 2000; Whitfield 2001; Whitfield, Bodtker, and 
Cannon 2002), and regional climate model projections point to increased changes in 
these factors through the 21st century (Abdul-Aziz, Mantua, and Myers 2011; Littell 
et al. 2011).  

Recent investigations in the Pacific Northwest and British Columbia have 
demonstrated regional temperature shifts of about 0.8°C over the past century, with 
projected temperature increases of 1.5-3.2°C in near-future decades (Mote et al. 
2003). Seasonal precipitation has also changed markedly in the recent past (Walker 
and Sydneysmith 2008), and future projections point to wetter winters and drier 
summers, with a high likelihood that extreme events involving regional temperature 
and precipitation will become more frequent (Mantua, Tohver, and Hamlet 2010; 
IPCC 2007). These analyses also indicate that the magnitude and direction of 
historical and projected climate variability exhibit sub-regional specificity due to the 
large and topographically complex areas involved (Walker and Sydneysmith 2008).  

Temperature effects on migrating adult Sockeye (Oncorhynchus nerka) have been 
well documented in many river systems in the Pacific Northwest (Nelitz et al. 2007; 
Salinger and Anderson 2006). Lethal temperatures are reported in the range 21-
24°C, and water temperatures in excess of 18°C may affect migration speed, cause 
timing delays, and alter spatial distribution of Sockeye salmon. Increased water 
temperature also may result in secondary effects such as increased disease, 
resulting in pre-spawn mortality (Cooke et al. 2004; Hinch and Martins 2011). 
Thermal stress has also been found to reduce salmon gamete viability, fertilization 
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rates and decrease egg to fry survival rates (Jensen et al. 2004). Since Sockeye 
populations may also differ in their thermal tolerances, reflecting local adaptation to 
conditions over their historic evolution (Farrell 2009; Martins et al. 2012), stock-
specific responses to climate variation and change impacts are also possible 
(Martins et al. 2010). 

Stream discharge levels may also be associated with variations in migration timing, 
causing delays, affecting swimming speed, and inducing biological stress during 
upstream migration of adult salmonids (Hinch and Bratty 2000). The quantitative 
effects may differ between waterbodies due to unique physical stream attributes 
(rapids and falls, canyons, etc., but also man-made fishways and weirs) which 
influence water velocity in key locations along the migratory route. In some cases, 
low flows may result in physical limits to fish passage; in other cases, high flows may 
generate velocity barriers that reduce or prohibit upstream migration. 

This report documents the data assembled for derivation of historic water 
temperature and flow in the Meziadin watershed, the primary source of Sockeye 
production (70-80%) in the Nass system in northern British Columbia (Bocking et al. 
2002). It is one of a series intended to consolidate and document historic 
observations on key life history events and associated environmental variables for 
relatively data-rich Sockeye and Chinook salmon populations distributed throughout 
their range in Canada’s Pacific region (Hyatt et al. 2015; Stiff et al. 2013, 2015a, 
2015b; Damborg et al. 2015). Although there are many potential uses for these data, 
the focus of our current work is to develop lifestage-specific models that identify 
potential associations between salmon production variations and climate variation 
effects in freshwater and marine ecosystems throughout the eastern rim of the north 
Pacific.  

STUDY AREA 

The Nass River is 380 km in length, with a drainage area of 20,839 km2 (Figure 1). 
The 6 km Meziadin River, situated 50 km east of Stewart, B.C., drains 530 km2, 
including Meziadin Lake (37 km2; maximum depth 135 m), into the Nass River, 180 
km from its mouth at Portland Inlet in Dixon Entrance on the northwest coast of B.C. 
Meziadin Lake is situated at 244 m above sea level (Gilbert & Butler 2004). 

The Meziadin watershed is located in the Kinskuch watershed in the COAST 
MOUNTAINS eco-province, in the productive coniferous forests of the INTERIOR CEDAR-
HEMLOCK biogeoclimatic zone. The climate is primarily cool and wet as it is strongly 
influenced by air masses flowing east from the Pacific Ocean, in conjunction with 
high altitudes of the coastal Nass Mountain range (Figure 2). Coastward of 
Meziadin, average temperatures range from 2.3-9.7ºC (at Stewart; 1971-2000) with 
annual precipitation of 1,842 mm (including 571 cm of snow); interior stations record 
cooler and drier climate normals (0.7-10ºC at Nass Camp, with 1,066 mm total 
precipitation (300 cm snow)). Basin hydrology is seasonally-driven by nival and 
glacial melt, with peak flows usually between May-July (Gilbert & Butler 2001).  
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METHODS 

DATA SOURCES AND ANALYSIS 

Sockeye Migration 

Meziadin River water temperature and stage height observations were made at the 
Meziadin fishway, where adult Sockeye enumeration is carried out by personnel 
operating the Meziadin fishway from July to September. The Meziadin fishway, 
located < 5 km from the lake outlet, was constructed to allow migrating salmon to 
bypass Victoria Falls to access upstream spawning grounds, while providing a 
method of estimating the spawning escapement of Sockeye salmon in the Meziadin 
system. The current facility, constructed in 1966 by the federal department of 
Fisheries and Oceans, replaced a fish ladder built in 1914 at the same location. The 
220 m vertical slot design bridges the upper and lower falls with 33 ascending pools. 
A concrete weir at the lower falls directs fish into the fish ladder.1  

Daily Meziadin Lake Sockeye escapement estimates at the fishway (1966-2012) 
were provided by FISHERIES AND OCEANS CANADA (DFO).2 These data are finalized 
post-season as daily totals of large (> 44 cm fork length) and small (“jack”) Sockeye3 
by DFO personnel.4   

To standardize the annual adult migration time-series for inter-year and inter-stock 
comparisons, daily percentages of total Meziadin Sockeye migrants were calculated 
relative to the total annual stock escapement. Annual plots of daily and cumulative 
migration rate (% relative to the annual total escapement) were overlaid with 
historical mean and maximum daily migration rate by Julian day-of-year, for inter-
annual migration pattern comparisons. 

Univariate statistical analyses were used to characterize the historical stock 
migration data (location, number of observations; central tendency e.g. mean, 
median, mode, etc.), scale (range, variance, extreme values and outliers), and 
shape (skewness, kurtosis). Median (50th percentile) and 75th quartile values of the 
historical datasets were calculated to establish low (0-75th percentile), medium (75-
90th percentile) and high (90-100th percentile) categories for daily migration rate 
classification. Quartiles of the Julian dates of migration in the historical data were 
used to categorize daily migrant data into early (0-25th percentile), middle (25-50th 
percentile), and late (75-100th percentile) observations. Daily migration rate (%) data 
were transformed using the arcsin function to normalize the percentage data where 
appropriate for parametric analyses (Sokal and Rohlf, 1969). 

Environmental Data 

Meteorological, hydrological, and water temperature data necessary for derivation of 

1
 Regional District of Kitimat-Stikine: http://www.rdks.bc.ca/content/meziadin-river-fish-ladders. 

2
 Meziadin fence counts published online by DFO NORTH COAST STOCK ASSESSMENT DIVISION: 

http://www.pac.dfo-mpo.gc.ca/fm-gp/northcoast-cotenord/meziadin-eng.htm; downloaded 23 Oct 
2012. 
3
 No Meziadin jack Sockeye count data were available for 1966. Count based on large Sockeye only. 

4
 Total Nass system Sockeye returns are also available from NTC FISHERIES for large Sockeye 

returning to the mouth of the Nass River, 1982-2012 (NISGA’A FISHERIES 2010, 2011, 2012). 

http://www.pac.dfo-mpo.gc.ca/fm-gp/northcoast-cotenord/meziadin-eng.htm
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long-term (30+ years) time-series of water temperature and flow conditions were 
assembled from online databases, published documents, unpublished reports, and 
personal records from government agencies (e.g., B.C. MINISTRY of ENVIRONMENT, 
ENVIRONMENT CANADA, WATER SURVEY OF CANADA (WSC), NISGA’A TRIBAL COUNCIL 
FISHERIES (NTC)5, FISHERIES AND OCEANS CANADA (DFO) and environmental 
consultants (LGL Ltd, Sidney, BC). 

Basic statistical analyses were used to document and describe the available data, 
establish relationships between regional air and site-specific water temperature 
datasets, and define inter-site relations for both water temperature and discharge to 
infill missing observations. STATISTICAL ANALYSIS SOFTWARE (SAS® Version 9.2; 
2008) was used to assemble data from MICROSOFT EXCEL

® spreadsheets and 
analyze the data. The resulting datasets were stored in a relational MICROSOFT 
ACCESS

® FRESHWATER ENVIRONMENTAL VARIABLES DATABASE and are available from 
DFO upon request.6 

Hydrology 

Except for a brief period in 1956, Meziadin River remains an un-gauged waterbody, 
and daily discharge data were not available for the Meziadin watershed from WSC 
for an interval matching available salmon migration data. Meziadin fishway 
technicians recorded water levels multiple times per day during the Sockeye 
migration season (July-October) for the years 1998-2012 (NTC FISHERIES

7). Daily 
mean water level (m) data were derived from approximately 4 to 6 readings per day 
recorded between 0800hrs and 1800hrs, depending on migration levels (i.e., 
reduced monitoring during low migration periods; pers. comm., R. Alexander, LGL 
Ltd)8.   

As potential estimators of flow conditions in the Meziadin system, mean daily 
discharge data (m3/s or cms) were obtained from the web archives of the WATER

SURVEY OF CANADA (WSC)9 for relevant stations in the Nass/Kinskuch/Meziadin 
watersheds from the ENVIRONMENT CANADA web site (Figure 2): 

 Meziadin River Station 08DA003 (56.04°N x 129.20°W; drainage area 521
km2) was only operational in 1956, consisting of 35 observations between
June and October, of which 31 observations were in July.

 Surprise Creek Station 08DA005 (56.11°N x 129.48°W) is an active station in
the Kinskuch watershed, a tributary to the Strohn River which drains into the
west end of Meziadin Lake, recording daily flow volumes for a drainage area
of 218 km2 (1967-2010).

5
 NISGA’A LISIMS GOVERNMENT, New Aiyansh, BC 

6
 Contact Howard.Stiff@dfo-mpo.gc.ca or Kim.Hyatt@dfo-mpo.gc.ca. 

7
 c/o Richard Alexander, LGL Ltd. 

8
 Other potentially relevant hydrological data not used in this analysis: the NISGA'A FISHERIES 

FISHWHEEL PROGRAM has monitored daily water level since 1994 at Gitwinksihlkw in the lower Nass 
River, using a staff gauge mounted to a rock-face located downstream of Fishwheel 2 (Baxter and 
Stewart 2005).  
9
 ENVIRONMENT CANADA – WATER SURVEY OF CANADA website: http://www.wsc.ec.gc.ca/applications/ 

H2O/HydromatD-eng.cfm.  

mailto:Howard.Stiff@dfo-mpo.gc.ca
file:///C:/Users/stiffh/Documents/FISHERIES/Sockeye%20Return%20Timing/SOMASS/Kim.Hyatt@dfo-mpo.gc.ca
http://www.wsc.ec.gc.ca/applications/%20H2O/HydromatD-eng.cfm
http://www.wsc.ec.gc.ca/applications/%20H2O/HydromatD-eng.cfm
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 Nass River Above Shumal Station 08DB001 (55.26°N x 129.09°W) is a long-
term active station (1929-2012), recording daily flow volumes for a gross 
drainage area of 18,400 km2. Real-time data for 2012 were appended to the 
archived data retrieved for 1929-2011. 

Simple least-squares regression models (linear: y = a + bX; power: y = aXb; and 
polynomial curvilinear: y = a + bX + cX2) were derived for estimating historical daily 
Meziadin water levels as a function of the more extensive time-series from the WSC 
station discharge data for Surprise Creek and Nass River above Shumal. Model 
selection was based on highest correlation and lowest root mean square error 
(RMSE), and goodness-of-fit was assessed using correlation of observed versus 
predicted Meziadin data and subjective examination of time-series plots. 

Univariate statistical analyses were used to characterize Meziadin River daily water 
level and nearby WSC station discharge data (number of observations, central 
tendency e.g. mean, median, mode, etc), scale (range, variance, extreme values 
and outliers), and shape (skewness, kurtosis). Deciles and quartiles were derived for 
the migration months (July-September) to identify low (< 10th percentile), moderate 
(10-90th percentile) and high (90-100th percentile) categories. Plots of the historic 
mean and variance of daily discharge were used to characterize the flow patterns 
during the adult migration period (July-September). 

Water Temperature 

The most extensive Meziadin water temperature readings were supplied courtesy of 
NTC FISHERIES for the years 1998-2012. These data were collected at the Meziadin 
fishway during the Sockeye migration period (July-October), approximately 4 - 6 
times per day between 8 am and 6 pm using a standard thermometer, and averaged 
by date (pers. comm., Richard Alexander, LGL Ltd).  

Univariate statistical analyses were used to characterize the daily mean water 
temperature (MWT) time-series for the period of record (i.e., number of 
observations, central tendency e.g., mean, median, mode, etc), scale (range, 
variance, extreme values and outliers), and shape (skewness, kurtosis).  

Water temperature data cleanup consisted of examining descriptive statistics and 
graphic output to identify anomalous data and outliers, in conjunction with a review 
of field notes regarding data logger installation and removal dates and times. 
Anomalous data were corrected, or retained in the database but flagged for omission 
(i.e., OMIT field = YES) from data analyses. Unresolved data issues included: 

1. Unusually high variability between dates: July 12-16, 1999; and July 21 - 
August 12, 2000.  

2. Unusually low variability between dates: August 12-25, 2002; September 
2006; September 2007; August 29 – September 26, 2008; Oct 14-23, 2011. 

These anomalies were not clearly related to changes in other environmental 
variables such as water level or precipitation, and thus were excluded from 
analyses. 

Water temperature datasets for other locations in the Nass drainage not used in this 
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analysis but documented in the FRESHWATER ENVIRONMENTAL VARIABLES DATABASE 

(Appendix A), include: 

 Minimum and maximum daily water temperatures collected in the Nass River 
near Gitwinksihlkw, June-September 1994-201110, courtesy of NTC FISHERIES 
(c/o Richard Alexander & Anita Blakley, LGL Ltd).  

 NTC FISHERIES installed automated water gauging data loggers in the 
Meziadin River (~0.5 km upstream of the fishway, adjacent to the White River 
bridge) between 1999 and 2004 to monitor hourly water levels, water 
temperature, and air temperature between April and November (Baxter 2000, 
2001, 2002, 2003; Baxter and Stewart 2005). However, these data were not 
available in electronic form for this analysis.  

 Water temperature from data loggers in Meziadin River and Tintina Creek 
(tributary to Meziadin Lake; sited at the Hwy 37 bridge crossing) may also be 
available for 2011 (unpub. data, S. Kingshott, LGL Ltd). 

 Spot water temperatures also exist for the Nass Shumal WSC station 
(08DB001). These data are taken during sporadic site visits by departmental 
personnel, on average, less than once a month, from 1958-2011.11 

Precipitation 

Precipitation data may be correlated with discharge levels and water temperature. 
They may also be useful for downscaling projected changes in regional precipitation 
from global or regional climate models to specific sites at the local level.  

As there are no extended meteorological records available for the Meziadin 
watershed, daily precipitation data from Stewart AHCCD station 1067742 (1910-
2011) were obtained from ENVIRONMENT CANADA.12 Due to the highly localized and 
non-normal distribution of precipitation data, missing values were not interpolated, 
nor were time-series extendible based on parametric statistical relations with other 
stations.13 

Air Temperature 

Although MWT records for Meziadin River date back to the late 1990s, the relatively 
short length of the dataset and discontinuities in the timeline render it inadequate for 
accurately assessing baseline conditions for climatological studies. Reconstruction 
of a long-term freshwater temperature dataset suitable for climate analyses is 
contingent on a set of daily mean air temperature records spanning at least 30 

                                            
10

 Only one temperature data point was taken from 1999-2011 (in the afternoon), corresponding more 
closely to daily maximum temperatures (pers. comm., A. Blakley, LGL Ltd). 
11

 Source: Lauren.Wick@pyr.ec.ca (WATER SURVEY DIVISION, ENVIRONMENT CANADA). 
12

 ADJUSTED AND HOMOGENIZED CANADIAN CLIMATE DATA (AHCCD) – Daily AHCCD precipitation data 
are not currently freely distributable or available online but may be obtained by request to 
AHCCD@ec.gc.ca. See the ENVIRONMENT CANADA website for monthly AHCCD values.   
13

 An alternative approach, not attempted here, may be to obtain daily precipitation data for multiple 
regional meteorological stations to derive an appropriate area average. Regional meteorological 
stations within 100 km of the Meziadin watershed can be found in Table 1. Source: NATIONAL CLIMATE 

DATA AND INFORMATION ARCHIVE (March 2013). 

mailto:Lauren.Wick@pyr.ec.ca
mailto:AHCCD@ec.gc.ca
http://www.ec.gc.ca/dccha-ahccd/default.asp?lang=En&n=B1F8423A-1
http://www.climate.weatheroffice.gc.ca/climateData/canada_e.html
http://www.climate.weatheroffice.gc.ca/climateData/canada_e.html
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years, and more for historic trend analyses.  

Studies have demonstrated that variations in regional air temperature (which often 
span the 19th century) are generally sufficient to explain as much as 80% of the 
variation in local daily mean water temperature (Mohseni and Stefan 1999; Hyatt 
and Stockwell 2003; Pilgrim, Fang and Stefan 1998; Stefan and Preud’homme 1993; 
Webb and Nobilis 1997). Linear and nonlinear regression models are known to be 
accurate at moderate air temperatures typical of adult Sockeye migration periods 
(i.e. 10-20°C), while water temperature “extremes” (<5°C or >20°C) are more 
appropriately modeled nonlinearly (Mohseni, Stefan, and Erickson 1998). The 
resulting time-series spanning the period of record of meteorological observations 
can be used as a consistent index of local water temperature conditions at the daily 
time-scale, and summarized to examine trends and shifts in water temperature 
regimes at longer time-scales (e.g., decadal). 

ENVIRONMENT CANADA’S METEOROLOGICAL SERVICES group maintains an archive of 
climate, hydrographic and water quality data gathered from both active and inactive 
stations distributed throughout British Columbia and the Yukon.14 The EC web site 
was accessed to identify potential sites of air temperature data within the area of 
interest for statistical relationships with water temperature data (Figure 2).  

For the majority of Canadian climate stations, air temperature measurements are 
taken from self-registering, maximum and minimum thermometers that record the 
extremes of each parameter within a 24-hour period. Daily mean temperature, where 
provided, is defined as the average of the maximum and the minimum temperatures 
attained during the 24-hour period. These datasets undergo detailed quality-control 
analysis before posting to the web site.  

As there were no climatological records available specifically for the Meziadin 
watershed, EC climate station Stewart 1067742 (55.93°N x 129.98°W) was selected 
for climate data retrieval on the basis of: (i) the quantity and quality of data available 
(1910-2012); (ii) proximity to Meziadin watershed (<60 km) (Figure 2); and (iii) the 
potential to routinely update data from an “active” climate station. In addition, 
ENVIRONMENT CANADA has refined the air temperature and precipitation time-series 
for this station, as part of the ADJUSTED AND HOMOGENIZED CANADIAN CLIMATE DATA 
(AHCCD)15 group of climatological stations across Canada. These data incorporate 
a number of adjustments applied to the original station data to address non-
climatological shifts related to changes in instruments and observation conditions or 
procedures, thus optimizing their use for climate research (Vincent et al. 2012).16  

Gaps in the meteorological record for Stewart daily air temperature (e.g., Aug-Oct 
1915; 1925-1928; May-Oct 1967, Sep 2009) were in-filled with estimated data based 

                                            
14

 ENVIRONMENT CANADA Climate Data: http://climate.weatheroffice.gc.ca/climateData/canada_e.html 
15

 ADJUSTED AND HOMOGENIZED CANADIAN CLIMATE DATA (AHCCD) – Daily AHCCD surface air 
temperature data are not currently freely distributable or available online but may be obtained by 
request to AHCCD@ec.gc.ca. See http://www.ec.gc.ca/dccha-
ahccd/default.asp?lang=En&n=B1F8423A-1 for monthly AHCCD data.   
16

 AHCCD Licence Agreement: This work contains data licenced "as is" under the Government of 
Canada Open Data Licence Agreement. Such licencing does not constitute an endorsement by the 
Government of Canada of this product. 

http://climate.weatheroffice.gc.ca/climateData/canada_e.html
mailto:AHCCD@ec.gc.ca
http://www.ec.gc.ca/dccha-ahccd/default.asp?lang=En&n=B1F8423A-1
http://www.ec.gc.ca/dccha-ahccd/default.asp?lang=En&n=B1F8423A-1
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on statistical relations with nearby AHCCD meteorological stations. Regression 
relations were generally linear at moderate temperatures (5-25°C) for Stewart and 
Dease Lake stations, and, to a lesser degree, coastal Prince Rupert (Figure 1). 
Dease Lake (1192340; 58.42°N x 130.00°W; 1944-2012) and Prince Rupert 
(1066483; 54.28°N x 130.45°W; 1908-2012). Spearman correlation coefficients (rs) 
were derived to indicate the most correlated time-series for Stewart data for the 
May-October period at daily mean air temperatures greater than or equal to zero. 
Associated linear regression coefficients were then used to construct a dataset that 
included the original non-missing Stewart daily air temperature values, with missing 
Stewart values (May-Oct) estimated from: (i) the primary correlated station, Dease 
Lake (where data exist); or (ii) the secondary correlated station, Prince Rupert 
(where data exist).  

STEWART MULTI-DAY MEAN AIR TEMPERATURE INDEX 
The best predictive air-to-water relationships exist for associations between daily 
mean water and multi-day mean air temperature (Hyatt and Stockwell 2003; Webb 
and Nobilis 1997). Centered moving averages (i.e., mean temperatures from Date – 
(n-1)/2 to Date + (n-1)/2, where n is the number of days) center the multi-day means 
such that peaks and troughs more accurately align with the flux in the original daily 
MAT time-series (Hyatt et al. 2015).  

Correlation analysis was used to identify the multi-day moving average air 
temperature index with the lowest n-value (for n = 1, 3, 5, 7, 10 days)17 while 
retaining a high Pearson correlation coefficient with a representative subset of the 
site daily mean water temperature. The multi-day Stewart CMAT index with the 
lowest adjusted AKAIKE INFORMATION CRITERION (AICc) and the highest Pearson 
correlation coefficient for the calibration data was used for subsequent air/water 
temperature regression relations.18 

Selection of data for the calibration dataset was based on subjective and statistical 
examinations of the annual air and water temperature time-series plots and annual 
regression relationships. Years with consistent and apparently unbiased data logger 
readings associated with a maximum range of temperature values for both warming 
and cooling periods19 were preferred for characterizing the all-year air/water 
temperature relationship. The remaining data were used for validation of statistical 
relations.  

Correlation analysis was used to identify the most appropriate multi-day moving 
average index (n = 3, 5, 7, 10 days) for the Stewart AHCCD air temperatures, by 
comparing Pearson correlation coefficients for each index (including the regional 
daily mean air temperature variable (i.e., n = 1)) with daily mean water temperatures 
from Meziadin River, for the calibration data (Hyatt et al. 2015). The multi-day 
Stewart CMAT index with the lowest adjusted AKAIKE INFORMATION CRITERION (AICc) 
and the highest Pearson correlation coefficient for calibration data was used for 

                                            
17

 n = 1 corresponds to the “observed” STEWART mean daily air temperature time-series. 
18

 Although the 10-d CMAT index was included in this assessment, and (usually) generated the 
maximum correlation, this index was ultimately discarded due to the undesired trade-off between high 
correlation versus the damping effect on daily air temperature variation (Hyatt et al. 2015). 
19

 Derivation of the seasonal flux point between warming and cooling “seasons” is described below.   
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subsequent air/water temperature regression relations.  

Air/Water Temperature Relationships 

Hyatt et al. (2015) describe the basic methodology used to estimate missing or 
historical daily MWTs based on statistical relations with the regional 7-day MAT 
index. The authors calibrated linear (Equation 1) and logistic (Equation 2) air-to-water 
temperature relations using a subset of the site daily MWTs as a function of the 
regional multi-day air temperature index. The remaining water temperature data 
were used as a validation dataset to test the goodness of fit of air-to-water 
temperature models. Models with the relevant air and water temperature datasets for 
the Meziadin system: 

Equation 1:  Tw = α + β * Ta ; where                                    

Tw is the estimated mean water temperature in Meziadin River; 

Ta  is the STEWART 7-day mean air temperature index; and 

α is the y-intercept and β is the regression coefficient. 

Equation 2 :  Tw =  + (– ) / (1 + e  (– Ta)); where                                    

Tw is the estimated mean water temperature in the Meziadin River; 

Ta  is the STEWART 7-day mean air temperature index; 

 is the estimated maximum water temperature; 

 is the estimated minimum water temperature; 

 is a measure of the steepest slope of the function; and 

 represents the air temperature at the inflection point. 

The existence of hysteresis20 in a water body, and the resulting need to use 
separate warming and cooling season regression models to describe air/water 
temperature relations at a particular site, was evaluated for both linear and logistic 
models. In the linear approach, an additional categorical “season” predictor was a 
significant effect (signifying different seasonal model intercepts), and/or whether 
there was a significant interaction effect with air temperature, indicating significant 
differences in seasonal model slopes (i.e., P < 0.05 for the Type III model sum of 
squares (SAS 2008). For the logistic analysis, hysteresis was assessed by 
comparison of the Nash-Sutcliffe Coefficient (NSC) value for the all-season model 
versus the averaged NSC values for the separate warming and cooling season 
models (Mohseni et al. 1998): 

Equation 3:   Hysteresis = [(NSCw + NSCc) / 2 – NSCall] ≥ 0.01; where  

NSCw = NSC for warming season; 

                                            
20

 Hysteresis: the heat storage properties of water. Hysteresis is a measure of the seasonal effect of 
the differential rates of heat exchange between air and water as the spring-to-summer period warms 
up and the fall-to-winter period cools down (Wetzel 1975). The observed pattern of hysteresis is 
related to the complex physics of air-water heat exchange processes. These involve evaporative 
cooling of the lake in the late summer-to-fall, thermal de-stratification in the fall-to-winter; rapid, wind-
induced, mixing of surface and deep waters through the winter, and initiation of thermal stratification 
and evaporative cooling once again in the spring-to-summer season. 
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NSCc = NSC for cooling season;  

NSCall = NSC for all seasons combined. 

Water Temperature Time-Series Reconstruction 

MODEL CALIBRATION 
Linear and logistic regression relations described above were developed using site-
specific daily mean water temperatures (MWTs) from the sub-daily dataset for 
Meziadin River as a function of the regional air temperature index (7-day centered 
Stewart MAT variate).  

Calibration data were selected based on examination of annual air and water 
temperature time-series and correlation plots. Years of evident bias in the readings 
or anomalies (e.g., 2000, 2002) were excluded from the calibration dataset. A 
minimum of 5 years of representative data including sufficient observations at the 
upper end of the temperature range for both warming and cooling seasons were 
obtained from source MWT datasets partitioned as follows: 

Calibration Years Validation Years 

2001, 2003-2005, 2008-2011 1999, 2000, 2002, 2006-2007,  2012 

 

Due to a lack of late spring observations, the range of temperatures available were 
limited, hampering parameter estimation for logistic models. The logistic intercept (µ 

parameter) was constrained to 0C or more, and the α parameter was constrained to 

21C or less, to enable model convergence. 

To determine whether seasonally-distinct regression relations were required, the 
air/water temperature data for each water body were checked for hysteresis. To 
detect hysteresis, separate functions were fitted to the air and water temperature 
data in each of the warming and cooling seasons.  

The warming and cooling seasons were first distinguished from each other by 
determining the seasonal temperature “turn-around point” (the timing of the winter 
season turn-around point was not required for the purpose of this analysis).21 The 
seasonal transition dates were obtained by plotting weekly mean daily water 
temperatures as a function of weekly mean daily air temperatures, and connecting 
the points chronologically. The week associated with the maximum mean air 
temperature, indicating the ending of the warming season (and the starting point of 
the cooling season) was converted to day-of-year to pinpoint the seasonal turn-
around date.  

Site-specific hysteresis effects were then assessed as described above using all-
year all-season data for both linear and logistic models. If hysteresis was detected in 
either case, linear and logistic models were then fitted to the all-year data for each of 

                                            
21

 For linear models, an additional “winter” season was defined (November 25
th
 to March 10th), 

encompassing the cold-weather months when changes in air temperature are not reflected in 
changes in water temperature due to hysteresis effects at low temperature extremes. These data 
were omitted from this analysis. 
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the warming and cooling seasons separately. 

MODEL VALIDATION 
Site-specific linear and nonlinear air/water regression parameter estimates were 
tested for statistical significance, and applied to the Stewart air temperature index to 
estimate reference site daily MWT for the period of record of air temperature data. 
Modeled MWTs for the validation dataset were correlated with observed reference 
site water temperature data graphically and statistically as a measure of goodness-
of-fit. The all-year Pearson and Spearman correlations for the validation years were 
compared between model types to determine whether linear or logistic outputs best 
simulated observed MWTs at the Meziadin River reference site. 

Trend and Exceedance Analyses 

AIR TEMPERATURE 
Historic mean daily air temperature data (based on STEWART daily MAT, 1908-2012) 
were summarized by year to obtain the mean value during the summer months 
(July-September), and plotted to review the long-term time trend in regional air 
temperature conditions during the migratory period.  

Monthly mean air temperatures of 20°C are considered an upper threshold for 
salmonid life history stages (Mote et al. 2003). Historic mean daily air temperature 
data (based on Stewart AHCCD climate data; 1910-2012) were analyzed for the 
frequency of dates in each year and month (July-September) for which mean daily 
air temperature exceeded this threshold value, and summarized by decade as a 
trend indicator. In addition, the frequency of annual periods in which water 
temperature continuously exceeded this value, and the mean duration (days) of 
these periods, was derived for each year, and summarized by decade to review 
trends in the frequency and duration of continuous periods of potentially stressful 
temperature conditions. 

WATER TEMPERATURE 
Reconstructed daily mean temperature data were summarized by site and year to 
determine mean values during the summer months (July-September), and plotted to 
review the long-term time trend in site-specific water temperature conditions during 
the migratory period. 

A similar threshold exceedance analysis, tallying the decadal mean monthly 
frequency of dates for which the reconstructed MWT temperature index exceeded 
18°C (POT18°C; i.e., peak-over-threshold > 18°C), was used to examine site-specific 
trends in water temperature conditions during the adult migration period (July-
September).  

In addition, the frequency of annual periods in which water temperature continuously 
exceeded this value, and the mean duration (days) of these periods, was derived for 
each year. These data were summarized by decade to review trends in the 
frequency and duration of continuous periods of potentially stressful water 
temperature conditions. 

RIVER LEVEL / DISCHARGE 
For discharge, exceedance analyses for both “low flow” and “high flow” dates are of 
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potential interest, since, conceivably, either flow extreme may influence upstream 
migration. The frequency of dates for which estimated water levels in the Meziadin 
River were either less than the lower 10th percentile (~1.12 m), or greater than the 
upper 90th percentile (~1.44 m) of summer readings, was calculated by year and 
month (July-September), and summarized by decade. From these data, the 
frequency of annual periods in which flow levels continuously remained below/above 
the lower/upper thresholds, and the mean duration (days) of these periods was 
derived for each year, and summarized by decade to review trends in the frequency 
and duration of continuous periods of potential flow barriers to upstream migration. 

A similar exceedance analysis was applied to daily discharge data from WSC station 
Surprise Creek, as a co-variate indicator of flow conditions in Meziadin River, based 
on threshold values set at the 10th percentile (12 cms) and 90th percentile (50 cms). 

Migration, Temperature and Discharge 

Estimated Meziadin daily mean water temperature and water level time-series were 
merged un-lagged with daily Meziadin Sockeye migration rate data for co-variation 
analyses.  

To characterize the temperature and discharge conditions during historical stock 
migration, frequency distributions of observed active migration dates (i.e., filtered for 
non-zero migration rates) at varying levels of temperature, water level, and both 
temperature and level, were generated. By simply tallying the number of dates in the 
historical dataset at which some migratory activity occurred, these plots indicate the 
general distribution of temperature and water level conditions that were available 
during the migratory period. 

A similar frequency distribution of active migration dates, weighted by the daily 
migration rate, indicate how much migration occurred at a given temperature, water 
level, or temperature x level combination. In contrast to the simple distribution of 
dates of migration, these plots indicate which water temperature and level conditions 
are associated with highest migration rates (i.e., presumably most favourable to 
salmon migration), and, by extension, the thermal and hydrological limits (if any) that 
differentiate high versus low rates of migration. 

The 50th percentile migration rate was used to define whether a daily migration rate 
value is positive or negative in relation to the zero-line, and the 75th percentile of 
migration rates (1.66% per day) was used to define whether a positive migration rate 
was “high” or “low”. Thus, the anomaly threshold (“zero-line”) for migration data was 
set to the 50th percentile of the historical daily migration rate (0.77% of annual total 
escapement). The migration threshold value was subtracted from the historical daily 
migration rates to derive the anomaly for daily migration.  

Environmental “limits” derived subjectively from the weighted frequency analyses 
were used to set threshold values for calculation of daily deviations in the modeled 
water temperature and discharge time-series, and combined with deviations in daily 
Sockeye migration rate on annual anomaly plots to examine the pattern of daily 
variation in each time-series in relation to each other.  

The water temperature threshold was set to 17°C, based on an apparent drop in 
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migration rate from high to low at and above that temperature. Utilizing Surprise 
Creek daily flows as an indicator of Meziadin River flows, discharge values of 10 and 
50 cms were used as the zero-line threshold to review patterns of migration in 
relation to low and high flow periods. The difference between these thresholds and 
the daily mean values were plotted on a common axis (discharge rates were 
factored by 0.1 to fit on the y-axis). 

RESULTS 

SOCKEYE MIGRATION DATA 

An average of ~170,000 Sockeye returned to the Meziadin watershed over the past 
47 years (1966-2012), ranging from 40,000 – 600,000 in annual escapement (Table 
2). Meziadin Sockeye migration typically commences in late June or early July and 
terminates by mid-to-late September (Table 2), with time-to-50% (TT50%) occurring 
approximately August 5th (Figure 4). Non-zero migrant counts averaged 
approximately 2,142 fish per day; maximum daily counts surpassed 50,000 fish in 
1992. The median fish passage over the years has been 1,159 fish per day.  

The corresponding all-year mean daily migration rate is 1.25% of total annual 
escapement. Annual peak daily rates are typically in the range of 5-10%; as much as 
18% of the annual escapement occurred on one day in 1986 (Table 2). Annual time-
series of Meziadin Sockeye daily migration rates (%) are plotted in Appendix C, 
along with mean and maximum daily migration rates across all years 1966-2012, 
displaying, in many years, late onset of migration (e.g., 1976, 1986, 2001) and/or 
multi-modal migration pulses separated by lengthy periods of relatively low migration 
(e.g., 1969-1971, 1982, 1989, 1994, 1996, 2000, 2009-2011), either of which might 
be evidence of environmental factors influencing migration patterns. Summarized 
across all years, a bi-modal pattern emerges, with a primary migration mode 
centered in the middle of July, and a secondary mode occurring in late August and 
early September (Figure 4). The time between these modes is normally 
characterized by peak water temperatures and falling discharge levels. 

HYDROLOGY 

Meziadin Fishway 

Water levels measured at the Meziadin fishway (1998-2012) ranged from 0.65 - 2.6 
m during the Sockeye migration period (July-Aug-Sep) with a mean of 1.28 ± 0.16 m 
(Table 3). The time-series typically display a steady drop in water levels through the 
peak Sockeye migration period of less than half a meter (Figure 5, Figure 6), 
indicating little variation in flows that might affect Sockeye migrants. Notable 
exceptions were 2000, 2004, 2007, and 2011, for which water levels exceeded 
statistical norms:  

 In 2000, the Meziadin experienced both sub-average water levels for 
extended periods (in July) followed by above-average water levels from 
August 6th through to early October (Figure 5). Moderate to high migration 
rates (i.e., > 1.66% per day) were sustained from July 18-25th, suggesting that 
the July low flow event (minimum ~0.9 m) was not an impediment to Sockeye 
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migration (Appendix C). Low migration rates (0.77 - 1.66% per day) were the 
norm from July 26th to the flood event beginning August 6th, but moderate 
migration levels commenced again on August 13th indicating that water levels 
of up to 1.7 m were also not an impediment. However, this migration event 
ended precipitously on August 23, coinciding with another flood event that 
increased Meziadin water levels to 1.8 - 2.2 m before returning to near-normal 
conditions by September 4th. This might suggest a possible upper 
hydrological limit for upstream migration, since a subsequent low migration 
event (~1.1%) from August 30-September 1st would suggest that 
(“significant”) migration had not yet completed by August 23rd. Migration was 
“insignificant” (<0.77%) for the rest of September, and likely driven to zero by 
the final flood event of the month that commenced September 19th. (Note: 
Total escapement of ~138,000 Sockeye was below the all-year average of 
~171,000 (Table 2).) 

 In 2004, rapid decreases in Meziadin water levels to less than 0.75 m 
(minimum 0.65 m) occurred twice in mid-to-late September (Figure 5; 
Appendix C). A drop in migration rates from moderate (1.66 – 4.17%) to low 
(0.77-1.66%) may have been associated with the onset of the initial water 
level decrease (~September 5th). If so, this may suggest that Meziadin water 
levels of 0.65 – 0.75 m may be a lower hydrological limit for high migration 
rates. (Total escapement of ~144,000 Sockeye in 2004 was below the all-year 
average.) 

 At the beginning of the migratory period in 2007, high water levels (maximum 
~1.85 m) that did not return to normal until July 29th may have resulted in a 
delay to migration, which commenced on July 30th  (Figure 5; Appendix C). 
This contrasts slightly with year 2000, when water levels of up to 1.7 m did 
not impede high migration. Missing data between July 1st and July 21st, 2007, 
obscure the date when Meziadin water level fell below the 1.7 m mark, but 
there is some evidence that high flows may have persisted through the month 
of July – discharge in Surprise Creek exceeded the 95% confidence interval 
between ~July 10-20th, and precipitation was recorded in Stewart throughout 
most of the month (Appendix C). (Total escapement of ~108,000 Sockeye 
was well below the all-year average.) 

 In 2011, a rapid increase in water level (from ~1.1 to 1.4 m) in the last week of 
August may have driven already low migration rates to “zero” (i.e., < 0.77%) 
for a few days as of August 23rd (Figure 5; Appendix C). Moderate migration 
rates resumed as water levels returned to 1.2 m depth, but fell again to zero 
coincident with another peak water level event September 11-15th. (Total 
escapement of ~173,000 in 2011 Sockeye was close to the all-year average.) 

Since the Meziadin site water level data are limited to the past two decades, WSC 
station data were reviewed for the purposes of extending the Meziadin dataset 
through statistical relations.  Simple least-squares regression models (linear: y = a + 
bX; power: y = aXb; or polynomial curvilinear: y = a + bX + cX2) may be suitable for 
reconstructing historical Meziadin flows and/or water levels as a function of the more 
extensive time-series from Surprise Creek or Nass River above Shumal stations. 
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WSC Flow Stations 

Discharge at Meziadin River WSC Station 08DA003 ranged from 55-88 cms (mean 
69). These data were limited to 31 observations in July 1956 (Table 4; Figure 7), and 
were therefore inadequate for analyses with available migration data. 

Discharge statistics for flow data from the Nass River (above Shumal) WSC Station 
08DB001 indicated historic daily mean flows (1929-2012) of 1,246 ± 522 cms (Table 
5; Figure 8, Figure 9). Recent high water level years observed at the Meziadin 
fishway (2000, 2007, 2011) were also marked by above average daily flows in Nass 
River, ranging from 1,453 cms (2007) to 1,581 cms (2011). Corresponding maximum 
flows in those years ranged from 3,720 to 5,910 cms. Similar “high flow” conditions 
in the Nass for years that pre-date the Meziadin water level time-series include: 
1967 (low Meziadin escapement year: 41,842 Sockeye), 1976 (late Meziadin run 
timing), 1985, 1987, 1992. 

Surprise Creek WSC Station 09DA005 demonstrated high daily flows also in 2007 
(mean 37 cms, maximum 117 cms) corresponding to high Meziadin water levels, but 
had similar flow levels also in 2008 (not shared by Meziadin). In 2000, Surprise 
Creek flows (mean 35 cms; maximum 67 cms) were slightly higher than its long term 
average (30±15 cms). Other years with either high mean or maximum flows include: 
1981, 1987, 1992, 1994, and 2001 (Table 6; Figure 10, Figure 11). 

Regression analysis of Meziadin River daily discharge (Table 4) as a function of 
Nass River Above Shumal discharge (Table 5) indicated that the log-linear power 

model (Meziadin = a  NassShumal b) provided the best fit based on highest 
correlation (r2 = 0.34; P < .0001; n = 1,461) and lowest RMSE (Figure 13). Though 
predicted values were reasonably correlated with observed values (rs = 0.56; P = 
0.0005), the resulting model appears inadequate for estimating missing Meziadin 
discharge (Figure 14), due to the statistical limitations inherent in the limited amount 
of overlapping data (n=35 observations in 1956, mostly in July), which restrict the 
predictive power of this relationship to one summer month. Even within the month of 
July, the model overestimates low Meziadin flows and underestimates high flows, 
likely due to the 20-fold difference of water volumes between the two stations for the 
period of overlap (minimum, median, and maximum for Meziadin River: 55, 69 and 
88 cms; versus Nass River: 1050, 1660, 2010 cms).  

Since no dates of overlap exist for Meziadin River flows as a function of the more 
comparable (in terms of volume of discharge and size of drainage area) and 
proximal Surprise Creek station (Table 6), a similar analysis could not be performed 
between those two stations. 

Water level data taken at the Meziadin fishway provide a more extensive time-series 
to relate to regional flows (Table 3).  

Regression analysis of Meziadin fishway water levels as a function of Nass River 

Above Shumal discharge indicated that the log-linear power model (Meziadin = a  
NassShumal b) provided the best fit based on highest correlation (r = 0.59, P < 
.0001) and lowest RMSE (Figure 15 - Figure 16). The significance level of the 
relationship may be a function of the large sample size (n = 1,461), since there is a 
significant lack-of-fit component in the error term, and a large number of outliers 
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(Figure 16). Comparison of observed versus predicted Meziadin water levels 
indicated how this poor fit manifests in the estimates: though average water levels 
are reasonably well predicted by Nass River discharge (e.g., 1998-1999), extremes 
in Meziadin water levels may or may not be, depending on whether local Meziadin 
water level conditions (presumably accurately captured in the data) are reflected at 
the regional scale that determines the flow volumes in the much larger Nass 
drainage (e.g., 2011 versus 2000, 2004; Figure 17 - Figure 18). 

An attempt to model Meziadin water levels based on Surprise Creek WSC data 
yielded a similar result. Regression analysis indicated that the log-linear power 

model (Meziadin = a  Surprise b) provided the best fit, though statistical correlation 
with Surprise Creek was actually lower (r = 0.33, n = 1353; Figure 19, Figure 20) 
than with Nass Above Shumal, and modeled output indicated a similar inability to 
adequately capture extremes in Meziadin flow (Figure 22).  

Due to these statistical limitations, Meziadin fishway water levels were not estimated 
or extended based on relationships with WSC data. However, Surprise Creek data 
were selected as a proxy indicator under the assumption that this station reflected 
local and/or upstream hydrological events, which are more common than large-scale 
downstream events that cause high water levels in the Nass system to block 
Meziadin discharge. Thus, Surprise Creek data were analyzed directly as a simple 
substitute for Meziadin River flows for trend and exceedance analyses.  

WATER TEMPERATURE DATA 

Meziadin River 

The annual (1999-2012) time-series for water temperature data obtained at the 
Meziadin fishway are displayed in Appendix C, condensed in Figure 23, and 
summarized for the months of peak migration (July-August) by year in Table 7. 
Average temperatures during migration were 14.1°C, with rare occasions surpassing 
20°C (Figure 24). The warmest year since 1999 was 2004 (mean water temperature 
16.0°C; maximum 21.0°C). Water temperatures were also above average in 2003, 
2005, 2006 and 2009.  

WATER TEMPERATURE TIME-SERIES RECONSTRUCTION 

Seasonal Turn-Around Point 

The mid-year seasonal turn-around point for all reference sites was in week 31 – 
approximately day 217, or August 2nd – based on maximum mean weekly air and 
water temperatures (Figure 25). The “warming season” therefore extends from April 
1 to August 2nd, followed by the “cooling season” from day 218-329, i.e., August 7th - 
November 25th. 

Multi-Day Air Temperature Index 

The multi-day Stewart air temperature index that best correlated with all-year daily 
mean water temperature was identified as the 7-day centered moving average air 
temperature index (7d-CMAT). The 7d-CMAT scored the highest correlation for 
Meziadin water temperatures in the cooling season, relative to the 3d-, 5d-, 10d-, 
and simple daily MAT air temperature indices (Figure 26). The 7D-MAT index 
provided the best trade-off between maximizing correlation and minimizing the 
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effects of multi-day averaging on predictive power at longer period lengths. Thus, the 
Stewart 7d-MAT was used for subsequent air/water temperature analyses. 

Like other multi-day moving air temperature means, this indicator tends to bias 
extreme air temperatures towards the mean, thus under-estimating the amplitude 
and frequency of peak thermal events that may affect fish behaviour. Therefore, this 
index, and, by extension, any water temperatures estimated as a function of this 
index, should be treated as a conservative indicator of extreme events. 

Model Calibration and Validation 

Logistic and linear air/water temperature models were parameterized using a subset 
of the available data for calibration, and tested for goodness-of-fit against the 
remaining years for model validation. Calibration and validation data years, and the 
number of observations available for analyses by season, are identified for the 
Meziadin watershed reference site in Table 8. 

Hysteresis was not detected in the logistic relations, but was detected in the linear 
relations: Type III sum of squares for season effect (test for equal intercepts) and 
season interaction effect (test for equal slopes) were marginally and highly 
significant, respectively, indicating that air/water temperature relationships were best 
modeled using separate seasonal models (Logistic model: Figure 27; Linear models: 
Figure 28). Due to insufficient data in the warming season, the intercept (µ 

parameter) was constrained to 0C or more, and the α parameter was constrained to 

21C or less, to reasonably reflect likely minimum and maximum water 
temperatures, and enable model convergence. Logistic model parameters, 95% 
confidence limits, and NSC goodness-of-fit coefficients are listed in Table 9. Linear 
regression model output for seasonal air/water temperature relationships and 
calibration data are provided in Table 10.  

Predictive estimates of daily mean water temperature were generated for each 
model type and season for the extent of the air temperature record. Correlation 
analyses between observed and predicted daily MWT values for the validation years 
were used to compare the predictive skill of logistic versus linear models. Season-
specific Pearson (least squares) and Spearman (rank) correlation coefficients for the 
validation data are contrasted in Table 11. Validation data correlations indicate that 
the two model types are essentially equivalent in their skill at predicting Meziadin 
River water temperatures, with marginally improved predictive power for linear over 
logistic model types, likely due to the abbreviated time-series, with observations 
mostly limited to the linear range of air/water temperatures (e.g., logistic fit for the 
cooling season dataset appears virtually linear).  

Thus, the seasonal logistic model parameters were selected as the best estimators 
of daily mean water temperature at each site, and were used to reconstruct historical 
daily water temperature estimates for the period of available air temperature data. A 
subset of the validation data years with observed and modeled MWT output, along 
with daily MAT and the 7-d MAT index, are plotted in Figure 29. The modeled 
estimates tend to predict average conditions reasonably well (e.g., 1999), but 
underestimate water temperatures in warm years (e.g., 2004), yielding conservative 
estimates of the frequency and duration of warm water periods. 
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TEMPERATURE, FLOW, AND MIGRATION 

Trends in Environmental Variables 

Since a weak long-term warming trend in the regional air temperature index for the 
summer months (July-September) is evident over the period of record (1908-2012) 
(Figure 30), the analogous estimated Meziadin mean water temperature indicated a 
corresponding warming trend of ~0.014 degrees per year (or 0.14ºC per decade) (r = 
0.17, P < .0001; Table 12, Figure 31). Mean summer water temperature remains 
below 15ºC, however. 

Mean July-September water level at the fishway showed a declining trend in recent 
decades (1998-2012): Y = 17.5 - 0.008 * Year; r = 0.20; P < .0001); the negative 
trend appears to be largely driven by high water levels in 2000 (Table 13, Figure 32).  

Surprise Creek discharge (Figure 33, Figure 34) did not share the Meziadin highs or 
lows in 2000, the below-average flows in 2004, or the above-average flows in the 
first week of July 2007 (Figure 32). Omitting 2000, 2004, and July 1-9, 2007 
significantly improved the relationship (Figure 35), but did not improve the predictive 
power of the model to estimate extremes at Meziadin River fishway, however, since 
the extremes were excluded from the analysis. 

As Meziadin fishway water levels were not easily estimable (specifically the 
extremes that are of interest regarding Sockeye migration patterns), the time-series 
could not be extended to encompass historic daily Sockeye migration data. Co-
variation and trend analyses utilized WSC station Surprise Creek as a proxy dataset 
for Meziadin flows. 

Migration in Relation to Temperature and Discharge 

An un-weighted tally of non-zero migration dates indicated that approximately 77% 
of the historic migration dates occur when flows in Surprise Creek WSC station are 
~20-40 cms (Figure 36). Weighting the frequency distribution by the daily migration 
rate indicated that the highest daily migration rates (>1.5% per day) at the Meziadin 
fishway occur when Surprise Creek flows are ~30-50 cms, and rates are significantly 
reduced above 60 cms (Figure 37). 

Dates of migration activity are normally-distributed around 15°C, with the majority of 
dates (72%) characterized by water temperatures of 13-16°C (Figure 38). However, 
moderate to high average migration rates occurred up to 17°C, and low migration 
rates occurred at 18°C, while no significant migration occurred at 19°C, the 
maximum estimated Meziadin daily mean water temperature (Figure 39).  

A weighted two-way frequency distribution based on combined flow and temperature 
ranges showed that highest migration rates for Meziadin Sockeye occurred at less 
than 17°C and flow rates of 40-50 cms at Surprise Creek WSC station (Figure 40). 

Anomaly plots of migration, water temperature and discharge deviations based on 
these environmental thresholds are inconclusive regarding the exact temperature 
level that constitutes a critical threshold between low and high migration rates for 
Meziadin Sockeye (Appendix D). However, many years indicate that a threshold of 
17-18°C is associated with lower migration (e.g., 1980, 1990, 1991, 1994, 2005), 
and lower temperatures with higher migration (1972-1974, 1977, 1982, 1993). In 
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1973, for example, a strong migration pulse in mid-July tapered off rapidly as water 
temperatures warmed to almost 17°C, and then rebounded as temperatures fell 
back below 15°C (Figure 41). In 1996, the two main migration pulses were basically 
delineated by a brief period of 17°C water temperatures at the beginning of August.  

Exceptions to the rule were found in 2001, 2003, and 2010, where migration pulses 
persisted in August, despite almost a week of temperatures above 17°C.   

There may be an interaction effect between temperature and flow levels on 
migration. For example, the above “exceptions” were also characterized by 
moderate discharge levels (near the all-year mean of 30 cms) of the Surprise Creek 
flow indicator. Significant migration rates (i.e., positive anomalies) do not appear to 
be found with positive anomalies of water temperature (> 17°C) and flow (> 50 cms) 
combined. See for example mid July 1981; mid-August 1997; early August 2009. 
When flows are moderate, however, moderate migration can also occur (e.g., mid-
August 1979). 

Evidentially, flows > 50-60 cms may, without any temperature effect, impose a delay 
on migration (e.g., mid-August 1971; mid July 1973; mid-August 1981; 2000; mid 
July 2006; 2008), and are rarely associated with high migration. In 1976, migration 
was likely delayed three weeks by high flows (40-80 cms), which may have 
suppressed apparent migration efforts in early August (Figure 42).22 On the other 
hand, low flows (< 25th percentile, i.e., < 20 cms) do not appear to be limiting to 
significant migration rates (e.g., September 1969; September 1971, September 
1980, August 1982, August 1998; September 2003). In 1976, when migration finally 
commenced (around 30 cms of the Surprise Creek flow index), flows continued to 
drop to 10 cms while daily migration rates ranged from 4-8% (Figure 42). Other low 
flow periods with moderate (>1.66%) to high migration rates (>4%) occurred in 1969, 
1971, 1980, 1982, 1984, 1989, 1993, 1994, 1998, 2003 and 2005 (not shown). 

Temperature Exceedance Analyses 

A frequency analysis of regional daily mean air temperature indicates that the 
cumulative total number of POT>20°C dates per year has averaged less than 1 day 
per year in the past century (Table 14, Figure 43). The duration of continuous 
POT>20°C periods was less than two days on average (Figure 44). Peak temperature 
conditions occurred in the 1990s with cooler temperatures prevailing in the last 
decade. 

A similar frequency analysis based on estimated daily mean water temperature 
exceeding 18ºC indicated that the cumulative total number of POT>18°C dates per 
year is also negligible, with no evident trend (Figure 45). The combined average 
number of POT>18°C dates across all migration months (July-September) has 
fluctuated around 0-3 days per year on average, mostly in August, with no obvious 
trends (Table 15).  

The average length of POT>18°C periods was < 1-2 days for most decades, and is not 
trending (Figure 46, Table 15). Maximum period length, however, has on occasion, 
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 Perhaps incurring significant en-route mortality in combination with water temperatures of 16-17ºC 
– total escapement in 1976 was only 105,000 fish, significantly below the all-year average. 
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extended more than a week (e.g., 1920s, 1970s, 1990s, 2000s), indicating that in at 
least one year in each decade, direct or indirect thermal impacts may be accruing. In 
1977, for example, an 11-day POT>18°C event occurred in mid-August (Table 16); 
Sockeye migration was negligible during this period, and significant migration did not 
recur until temperatures dropped to ~15°C (see Appendix C and Appendix D). A 
similar 7-day event occurred in 1994 during which migration did not occur, and in 
2004, migration remained at low (though significant) levels until an 8-day POT>18°C 
event in mid-August was over (Table 16, Appendix D). 

Discharge Exceedance Analyses 

Extremes in observed Meziadin River water levels indicate no obvious trends since 
1998 (Figure 47, Figure 48). Low water levels (< 10th percentile of ~1.1 m) occurred 
on average ~10 days per year, principally in September after peak Sockeye 
migration23 (Table 17). Although the overall mean duration of low periods was 7-8 
days (Figure 47), continuous low flow events of 14-18 days characterized 5 of the 9 
years since 2004, including 2005-2007, 2010 and 2012 (Table 18).  

High water events (> 1.44 m) during the Sockeye migration period are normally 
infrequent, typically lasting less than a week, most often in July (Table 17, Table 18). 
The flood year in 2000 was exceptional in that the high waters occurred through 
August and September, after the primary migration pulse. Two other years with 
higher water levels than average in July were 1999 and 2007 (Figure 48).  

A similar exceedance analysis based on 10th and 90th percentile thresholds (i.e., ~12 
and ~50 cms) for the more extended Surprise Creek daily flow dataset indicated that 
low flows were more common in the 1970s and 1980s than in subsequent decades 
(Figure 49). 1976, 1977, 1983 and 1985 were particularly dry years, with multiple 
periods of 3 weeks or more at low flow levels (Figure 50, Table 19), principally in 
September.  

The frequency and variability of high flows in Surprise Creek (> 50 cms) may be on 
the rise. A steady increase in the average number of POT50 dates per year has 
occurred since the 1980s (Figure 51, Table 20), accompanied by a minor trend in 
average period length from 2.3 days (1980s) to 3.0 days (2000s) and mean 
maximum length from 3.2 days to 5.8 days. Maximum peak flow period lengths 
occurred in 2007 (13 days), 1999 (10 days), and 1981 (10 days) (Figure 51, Table 
20). 

Low flow events in Surprise Creek showed only weak association with low water 
level events in Meziadin River for the period of overlapping data (1999-2010), 
presumably due to the buffering capacity of Meziadin Lake. Flooding in the Meziadin 
in 2000 due to high waters in the Nass was also not reflected in Surprise Creek 
flows. Certain high flow events (1999 and 2007), however, were captured in both 
datasets (Figure 52), presumably indicating weather events that exceeded the 
buffering capacity of the lake.  
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 The “flood year” of 2000 was a notable exception: low flows occurred in July during peak migration 
(without apparent effect on migration rate which reached 10% of total migrants: Appendix CAppendix 
D). 
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DISCUSSION 

Sockeye Migration and Water Temperature Conditions 

Choice of linear or logistic model to utilize for air-to-water temperature conversion 
may depend on specific analytical needs. Bias analyses suggest that, relative to 
observed data, the linearly-estimated time-series tends to over-estimate water 
temperatures in July and September, with no significant difference occurring in 
August, when water temperatures are warmest. The selected logistic model tends to 
over-estimate daily MWT in June, and to under-estimate it in July and August. Thus, 
the results of analyses regarding peak temperatures (e.g., frequency and duration 
thereof) using the logistic model might be considered more conservative than 
linearly-derived results, though any inter-annual and decadal trends should be 
consistent between these conversion methods.  

Given these qualifications, it appears that estimated mean water temperatures in the 
Meziadin during the Sockeye migratory period are rising slowly, at a rate of about 
0.14°C per decade, but currently remain below 15°C. On average, the frequency and 
duration of periods in which conditions might be thermally-stressful to Sockeye 
migrants (18°C or more) appears to be negligible, with perhaps one or two periods 
per year in which water temperatures rise above that threshold, typically for 4-5 
days. However, the maximum length of such periods may be a better indicator of the 
potential cumulative stress on migrants. In 1977, for example, an 11-day POT>18°C 
event occurred in mid-August (Table 16); Sockeye migration was negligible during 
this period, and significant migration did not recur until temperatures dropped to 
~15°C (see Appendix C and Appendix D). A similar 7-day event occurred in 1994 
during which migration did not occur, and in 2004, migration remained at low (though 
significant) levels until an 8-day POT>18°C event in mid-August was over (Table 16, 
Appendix D).  

Events such as these, though currently intermittent, may provide some insight into 
the potential impacts if regional climate conditions were to become warmer or drier 
in the future, as is widely anticipated (Abdul-Aziz et al. 2011; Littell et al. 2011). 
However, it is not possible from the data to conclude that migration was actually 
affected in these cases, since it is unknown if significant migrants were present in 
the lower Meziadin, or pooling in the Nass River below the confluence at the time. A 
study using archival button tags to track the ambient water temperatures during fish 
migration might be useful, in conjunction with accurate temperature data obtained at 
the fishway, to discern how Meziadin Sockeye respond to rising water temperatures. 

High resolution water temperature data at the fishway, collected 24 hours a day by 
automated data loggers, would not only be key to resolving this question, but would 
also improve the confidence in the site air/water temperature relationships, which 
currently rely on instantaneous “spot” temperature measurements taken during 
summer daylight hours only, which may therefore be positively biased. In addition, 
only eight of the fourteen years of data available were suitable for this analysis due 
to unresolved issues in the data for six of the years. An automated data logger 
maintained at the fishway from March/April to November, and (for comparison) 
another in the Nass River below the confluence, would serve to improve the water 
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temperature estimation procedures, and bench-mark any thermal signals evident in 
archival tag data monitoring Sockeye migratory behaviour and movement into the 
Meziadin system. 

Sockeye Migration and Flow Conditions 

Under the assumption that Surprise Creek discharge data captures at least some of 
the local/upstream flow events that affect Meziadin water levels, preliminary results 
utilizing Surprise Creek flows in this analysis suggest that high flow conditions may 
have been a factor affecting adult migration historically, and that the frequency and 
duration of high flow conditions may be increasing. The frequency and duration of 
low water events (< 10th percentile) have been low but variable in the 2000s relative 
to previous decades, with no discernible impacts on daily migration rates at the 
range of water levels recorded. High flows (> 90th percentile), however, were 
associated with delayed migration, migration stoppages, and low daily migration 
rates, and appear to have an interaction effect with water temperatures: while 
moderate- and high migration rates were observed at water temperatures up to 18ºC 
when flows were average or low, combinations of high water temperature and high 
flow levels were associated with near-zero migration rates. The frequency of high 
flow events increased in the 2000s relative to previous decades, along with the 
mean and maximum duration of high flow periods. 

These results are largely based on flow data from Surprise Creek, a remote gauged 
watershed upstream of Meziadin Lake, which are not highly correlated with Meziadin 
River conditions. For example, observed Meziadin data (1998-2012) suggest 
declining trends in mean water levels, but this trend conflicts with Surprise Creek 
data which indicate positive trends in discharge over the same time period as well as 
over the extended period beginning in 1967. Evidently, the two sites do not always 
experience the same weather systems, or else react hydrologically differently to 
weather events, perhaps due to the buffering capacity of the intermediate Meziadin 
Lake. Thus local precipitation events may briefly intensify flows in Surprise Creek, 
but not be reflected strongly in Meziadin River water levels (e.g., 2008). Conversely, 
large or distant weather systems amplifying Nass flows upstream of the Meziadin 
confluence may back up flows in Meziadin River but not correlate hydrologically with 
upstream tributaries that are buffered by Meziadin Lake (e.g., 2000, 2007, 2011; 
pers. comm., R. Alexander, LGL Ltd.). 

The inability to reliably hind-cast or forecast Meziadin hydrology may also limit 
climate analyses that depend on suitable baseline reference data for downscaling of 
climate model outputs to local conditions. Continuous high-resolution monitoring at 
the Meziadin fishway via automated data loggers, including outside the Sockeye 
migration season (when discharge levels are typically more variable) might improve 
statistical relations with other locations, but might not address the nonlinear 
differences between stations. Since high water events in the Meziadin may be driven 
by either local / upstream precipitation or regional / downstream events affecting the 
Nass system, a more sophisticated multi-factor analysis may provide more predictive 
power. Non-parametric approaches (e.g., categorical models, extreme values 
analysis, or hydrological modeling) may also be necessary.  
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The Nass River system is one of the most important Sockeye watersheds in British 
Columbia. The Meziadin Sockeye stock comprises an average of 75% of the 
Sockeye production in the Nass, representing nearly $10 million in landed value 
(Bocking et al. 2002). Monitoring of the physical environment appears to be under-
resourced. Enhanced monitoring of environmental variables in this watershed via 
automated data logger installations, combined with advances in the analysis of how 
these factors co-vary with Meziadin Sockeye behaviour and migration patterns, 
might be considered a wise investment in this valuable resource. 
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intercepts) and season interaction effect (test for equal slopes) are 
marginally and highly significant, respectively, indicating that hysteresis 
exists. 
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Table 11. Comparison of Pearson (least squares) and Spearman (rank) correlation 

coefficients for observed (WaterT) versus estimated (from logistic and 
linear models) daily mean water temperature for validation data years: 
warming season (top); cooling season (bottom). Analysis indicates 
marginally improved predictive power for linear over logistic model types. 
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Table 12. Statistics for regional mean air temperature (Stewart) and estimated water 
temperature in Meziadin River for the months of July-September, 1960-
2012. 
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Table 13. Statistics for observed water level at the Meziadin fishway, July-
September, 1998-2012. 
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Table 14. Frequency analysis of decadal mean number of dates per month (July-

September) in which regional daily mean air temperature at STEWART 
weather station exceeded 20°C (top); min., mean and max. length (days) 
and total frequency of periods in which regional daily mean air 
temperature continuously exceeded 20°C (July-September), by decade 
(bottom).  
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Table 15. Frequency analysis of decadal mean number of dates per month (July-

September) in which estimated mean water temperature in the Meziadin 
River exceeded 18°C (top); min., mean and max. length (days) and total 
frequency of periods in which estimated mean water temperature 
continuously exceeded 18°C (July-September), by decade (bottom). 
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Table 16. Min., mean and max. length (days) and number of periods in which 

estimated mean Meziadin River water temperature continuously exceeded 
18°C (July-September), by year (1960-2012). 
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Table 17. Annual mean number of dates per month (July-September) in which 
observed water level at the Meziadin fishway was less than 1.12 m (10th 
percentile; left); or greater than 1.44 m (90th percentile; right). 
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Table 18. Min., mean and max. length (days) and number of periods in which observed 
water level at the Meziadin fishway (July-September) was less than 1.12 m 
(10th percentile; left); or greater than 1.44 m (90th percentile; right). 
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Table 19. Annual mean number of dates per month (July-September) in which 

observed discharge in Surprise Creek was less than 12 cms (10th percentile; 
top left); Min., mean and max. duration (days) of POT<12 cms periods, by year. 
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Table 20. Decadal mean number of dates per month (July-September) in which 
observed discharge in Surprise Creek exceeded 50 cms (~90th percentile; 
top left); Min., mean and max. duration (days) of POT>50 cms periods, by year. 
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FIGURES 

 

 
 

Figure 1. Nass River watershed, British Columbia (source: Wikipedia). 
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Figure 2. Nass River system with monitoring stations. 
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Figure 3. Meziadin watershed with monitoring stations. 
 



63 
 

 

 
 

 

Figure 4. Historical mean daily migration timing. Mean and variance (95% CI) of daily 
Sockeye migrants (top) and mean daily % and cumulative % of total annual 
escapement (bottom). Time-to-50% ~ day 217 ~ August 5th (Source: DFO 
North Coast, unpub. data). 
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Figure 5. Observed daily mean water level (m) at the Meziadin River fishway, by year 
(1998-2012). Extreme flows in years 2000, 2004, and 2011. (Source: NTC 
Fisheries, c/o R Alexander, LGL Ltd.) 

 

 

Figure 6. Observed daily mean water level (m) ± two standard deviations at Meziadin 
River fishway (1998-2012). 
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Figure 7. Observed daily mean discharge (cms) for Meziadin River (08DA003), by year 
(1956). Observations limited to 35 dates between 10-Jun and 23-Sep, 1956. 
(Source: WSC) 
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Figure 8. Observed daily mean discharge (cms) for the Nass River above Shumal 
(08DB001), by year (1966-2012). (Source: WSC) 

 

 

Figure 9. Observed daily mean discharge (cms) ± two standard deviations for the Nass 
River above Shumal (08DB001) (1966-2012). 
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Figure 10. Observed daily mean discharge (cms) for Surprise Creek (tributary to 
Meziadin Lake), by year (1967-2012). (Source: WSC) 

 

 

 

Figure 11. Observed daily mean discharge (cms) ± two standard deviations for 
Surprise Creek (08DA005) (1966-2012). 



68 
 

 

 
 

 

Figure 12. Meziadin River discharge (station 08DA003) as a function of Nass River at 
Shumal discharge (station 08DB001), 1956. Models include simple linear  
(Y=a+bX, r2 = 0.38, P < .001, n=35; top), and curvilinear (Y=a+bX+cX2, r2 = 
0.38, P < .001, n=35; bottom).  
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Figure 13. Meziadin River discharge (station 08DA003) as a function of Nass Above 
Shumal discharge (station 08DB001), 1956. Models log-linear (Y=aXb; r2 = 
0.48, P < .001, n=35).  

 
 

 

Figure 14. Observed (solid line) and predicted (dashed line) Meziadin River discharge 
(station 08DA003) based on log-linear (Y=aXb) relationship with Nass River 
at Shumal discharge (station 08DB001), 1956 (r2 = 0.31, P < .001, n=35).  
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Figure 15. Mean daily mean water level (m) at the Meziadin River fishway as a linear 
function of daily mean discharge in the Nass River at Shumal (WSC Station 
08DB001) (1998-2012). 
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Figure 16. Logarithm of mean daily mean water level (m) at the Meziadin River fishway 
as a function of logarithm of daily mean discharge in the Nass River at 
Shumal (WSC Station 08DB001) (1998-2012). 
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Figure 17. Observed daily mean water level (blue solid line) at the Meziadin River 
fishway and estimated Meziadin water level (red dashed line) based on log-
linear (Y=aXb) relation with daily mean discharge at Nass River at Shumal 
(WSC Station 08DB001). Sample plots: 1998, 1999, 2000. 



73 
 

 

 

 

 

Figure 18. Observed daily mean water level (blue solid line) at the Meziadin River 
fishway and estimated Meziadin water level (red dashed line) based on log-
linear (Y=aXb) relation with daily mean discharge at Nass River at Shumal 
(WSC Station 08DB001). Sample plots: 2004, 2010, 2011. 
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Figure 19. Mean daily mean water level (m) at the Meziadin River fishway as a linear 
function of daily mean discharge in Surprise Creek (WSC Station 08DA005) 
(1998-2010). 
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Figure 20. Mean daily mean water level (m) at the Meziadin River fishway as a log-
linear function of daily mean discharge in Surprise Creek (WSC Station 
08DA005) (1998-2010). 
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Figure 21. Observed daily mean water level (blue solid line) at the Meziadin River 
fishway and estimated Meziadin water level (red dashed line) based on log-
linear (Y=aXb) relation with daily mean discharge at Surprise Creek (WSC 
Station 08DA005). Sample plots: 1998, 1999, 2000. 
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Figure 22. Observed daily mean water level (blue solid line) at the Meziadin River 
fishway and estimated Meziadin water level (red dashed line) based on log-
linear (Y=aXb) relation with daily mean discharge at Surprise Creek (WSC 
Station 08DA005). Sample plots: 2004, 2008, 2010. 
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Figure 23. Water temperature data for Meziadin River at the fishway (Source: Nisga’a 
Fisheries). 

   

 

 

Figure 24. Annual thermograph of water temperature data ± two standard deviations 
for Meziadin River at the fishway (Source: Nisga’a Tribal Council Fisheries). 
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Figure 25. Derivation of seasonal turn-around point for Meziadin River, based on 
maximum weekly mean air and water temperature data. The seasonal turn-
around point is in week 31-32, approximately August 6th. The “warming 
season” therefore extends from April 1 to August 2nd, followed by the 
“cooling season” from day 218-329, i.e., August 3rd – November 25th.  
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Figure 26. Derivation of optimum regional air temperature index for air/water 
temperature analyses, based on maximum all-year correlation between 
various Stewart multi-day mean air temperature indicators (MATs) with 
Meziadin daily mean water temperature (MWT) for calibration (red) and 
validation (black) data; warming season (top), cooling season (bottom). 
Stewart air temperature indicators include (l-r): Air Temp (same day mean); 
3-day centered moving average air temperature (3D-MAT), 5D-MAT, 7D-
MAT, and 10-DMAT. Overall, the 7D-MAT provides the best trade-off 
between correlation and multi-day averaging (which affects predictive power 
at longer period lengths).  
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Figure 27. Logistic regression fits for air/water temperature relationship for Meziadin 
daily mean water temperatures as a function of the STEWART 7d-CMAT (air 
temperature index): seasons combined (top); separate warming season 
(red) and cooling seasons (blue)(bottom).  
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Figure 28. Linear regression fits for air/water temperature relationship for Meziadin 
daily mean water temperatures as a function of the STEWART 7d-CMAT (air 
temperature index), by season (warming season (red) and cooling season 
(blue)).  
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Figure 29. Sample validation plots of daily mean air temperature (red line), 7-day MAT 
index (broad pink line), observed daily mean water temperature (blue solid 
line) and estimated MWT (black dashed line; based on seasonal logistic 
regression models) for Meziadin River, July-September 1999 (top), 2004 
(middle), 2010 (bottom).  
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Figure 30. Observed and estimated STEWART mean air temperature ± 2 std deviations, 
July-September 1908-2012. Long-term warming trend is evident (Y = -13.0 
+ 0.013 * Year; r = 0.14; P < .0001).  

 

 

Figure 31. Estimated Meziadin River mean water temperature ± 2 std deviations, July-
September 1908-2012, based on seasonal logistic air/water temperature 
regression models. Significant long-term trend is evident (Y = -13.13 + 
0.014 * Year; r = 0.17; P < .0001).  
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Figure 32. Meziadin River mean water level ± 2 std deviations, July-September 1998-
2012, based on observed data from the fishway. Negative trend is evident 
(Y = 17.5 -.008 * Year; r = 0.20; P < .0001).  

 

Figure 33. Surprise Creek mean discharge ± 2 std deviations, July-September 1998-
2010 for comparison with Meziadin water level. Weak positive trend is 
evident (Y = -483.1 + .257 * Year; r = 0.06; P < .027).  

 

Figure 34. Surprise Creek mean discharge ± 2 std deviations, July-September 1967-
2010. Positive trend is evident in time-series (Y = -228.6 + .130 * Year; r = 
0.10; P < .0001).  



86 
 

 

 

 

 

Figure 35. Meziadin River water level as a function of Surprise Creek discharge, July-
September 1998-2010 (top; r = .36, P < .0001, n = 1196); outliers (2000, 
2004, and July 1-9, 2007) removed (bottom; r = .64, P < .0001, n = 1003). 
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Figure 36. Frequency plot of historical Meziadin Sockeye non-zero migration (un-
weighted tally of non-zero migration dates), at varying levels of Surprise 
Creek discharge (as an indicator of Meziadin flow conditions). Most dates 
(77%) of migration in the Meziadin occur when flows in Surprise Creek are 
~20-40 cms. 

  

 

Figure 37. Frequency plot of historical Meziadin Sockeye non-zero migration dates, 
weighted by daily migration rate, at varying levels of Surprise Creek 
discharge (unlagged). Ignoring low-frequency occurrences (FREQ < 3), the 
highest daily migration rates (>1.5% per day) at the Meziadin fishway occur 
when Surprise Creek flows are ~30-50 cms. 
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Figure 38. Frequency plot of historical Meziadin Sockeye migration (un-weighted tally 
of non-zero migration dates), at varying levels of Meziadin River water 
temperature. ~72% of migration activity occurs at 13-16°C. 

   

 

Figure 39. Frequency plot of historical Meziadin Sockeye non-zero migration dates, 
weighted by daily migration rate, at varying levels of Meziadin River water 
temperature. Highest migration rates (i.e., > 75th percentile, ~1.66%) are 
associated with temperatures of 14-17°C.  
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Figure 40. Distribution (top) and smoothed contour (bottom) of historical Meziadin 
Sockeye migration rates (daily %), at varying levels of Meziadin River water 
temperature and Surprise Creek discharge (filtered for a minimum of 3 
observations at each MWT x flow point). Maximum migration rate found at 
17°C or less and 40-50 cms. 
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Figure 41. Annual anomaly plot for Meziadin migration, Meziadin River water 
temperature (estimated), and flow indicator variable Surprise Creek 
discharge (factored by 0.1 to fit on y-axis), 1976 (top), 1980 (bottom). Zero-
line thresholds: (a) Daily migration rate = 0.77% (50th percentile of non-zero 
daily migration rates (1966-2012); (b) water temperature = 17°C; discharge 
= 50 cms. 
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Figure 42. Annual anomaly plot for Meziadin migration, Meziadin River water 
temperature (estimated), and flow indicator variable Surprise Creek 
discharge (factored by 0.1 to fit on y-axis), 1976 (top), 1980 (bottom). Zero-
line thresholds: (a) Daily migration rate = 0.77% (50th percentile of non-zero 
daily migration rates (1966-2012); (b) water temperature = 17°C; discharge 
= 20 cms. 
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Figure 43. Frequency analysis of decadal mean number of dates per month in which 
regional daily mean air temperature (at Stewart) exceeded 20°C (Jul-Sep). 

 

Figure 44. Mean length (days) and total decadal frequency of periods in which regional 
daily mean air temperature (at Stewart) exceeded 20°C during Jul-Sep. 
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Figure 45. Frequency analysis of decadal mean number of dates per month (Jul-Sep) 
in which estimated mean water temperature in Meziadin River exceeded 
18°C. 

 

Figure 46. Mean length (days) and total decadal frequency of periods in which 
estimated daily mean water temperature (Jul-Sep) in Meziadin River 
continuously exceeded 18°C, by decade. 
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Figure 47. Mean length (days) and frequency of “low water level” periods in which 
Meziadin River water level continuously remained below 1.12 meters (i.e., 
10th percentile of July-September levels). 

 

 

Figure 48. Mean length (days) and frequency of “high water level” periods in which 
Meziadin River water level continuously remained above 1.44 meters (i.e., 
90th percentile of July-September levels).  
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Figure 49. Frequency analysis of decadal mean number of “low water level” dates (i.e., 
< 10th percentile of July-September flows, ~12 cms) per month at Surprise 
Creek (as an indicator of Meziadin water levels). Note: “1960s” contains 
only three years of data (1967-1969) and may not be directly comparable to 
other decades. 

 

 

Figure 50. Mean length (days) and frequency of “low water level” periods in which 
Surprise Creek discharge continuously remained below the 10th percentile 
of July-September flows (~12 cms).  
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Figure 51. Frequency analysis of decadal mean number of “high water level” dates 
(i.e., > 90th percentile of July-September flows, ~50 cms) per month at 
Surprise Creek (as an indicator of Meziadin flows). Note: “1960s” contains 
only three years of data (1967-1969) and may not be directly comparable to 
other decades. 

 

 

Figure 52. Mean length (days) and frequency of “high water level” periods in which 
Surprise Creek discharge continuously remained above the 90th percentile 
of July-September flows (~50 cms).  
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APPENDICES 

Appendix A. DFO STOCK ASSESSMENT DIVISION environmental variable datasets 
documented in the FRESHWATER ENVIRONMENTAL VARIABLES DATABASE. 
Where DATA = YES, raw data are included in the database. Where DATA = 
NO, raw data may be available from the CONTACT NAME. 
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Appendix B. Reference climate station environmental variable datasets documented in 
the FRESHWATER ENVIRONMENTAL VARIABLES DATABASE. Where DATA = 
YES, raw data are included in the database. Where DATA = NO, raw data 
are available online or from the CONTACT NAME. 
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Appendix C. Multi-panel plots of daily Meziadin Sockeye migration in relation to 
environmental variables, by year, 1966-2012. 

Sample plots for the year 2000 (below) display legend with vertical axis variates and 
horizontal axis with day of year (month label is approximate start of each month). 
Annual plots (following pages) are organized in a multi-panel format for comparison of 
the following variates: 

 

1. Daily migration rates as a percent (%) of annual stock escapement (black line), 
from daily Sockeye (adult + jack) migrants counted at the Meziadin fishway. 
Historical mean daily migration rate (dark gray area) and maximum daily 
migration rate (light gray area) for years 1966-2012.  

 

2. Observed (solid blue line) and estimated (dashed blue line) daily mean water 
temperature at the Meziadin fishway, with historical daily MWT and variance 
(dashed line and gray area), 1998-2012, and daily air temperature index (pink). 
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3. Daily mean discharge (cms) at WSC station Surprise Creek (green line), with 
historical daily mean and variance (dashed line and green area), 1967-2010.  

 

4. Daily mean water level recorded at the Meziadin fishway (in meters, blue line), 
and estimated Meziadin water level as a function of Surprise Creek discharge.  

 

5. Precipitation (mm, blue bars) and daily mean air temperature (°C, red line) at 
EC meteorological station Stewart, with historical daily mean and variance 
(dashed line and red area), 1911-2012. 
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Appendix D. Annual anomaly plot for Meziadin migration, Meziadin River water 
temperature (estimated), and flow indicator variable Surprise Creek 
discharge (factored by 0.1 to fit on y-axis), 1976 (top), 1980 (bottom). 
Zero-line thresholds: (a) Daily migration rate = 0.77% (50th percentile of 
non-zero daily migration rates (1966-2012); (b) water temperature = 
17°C (~90th percentile); discharge = 50 cms (~90th percentile).  
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