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ABSTRACT 

Cunjak, R.A., D. Caissie, N. El-Jabi, P. Hardie, J.H. Conlon, T.L. Pollock. D.J. Giberson, and 
S. Komadina-Douthwright. 1993. The Catamaran Brook (New Brunswick) Habitat 
Research Project: Biological. Physical and Chemical Conditions (1990-1992). Can. Tech. 
Rep. Fish. Aquat. Sci. 1914: 81p. 

The Catamaran Brook project is a long-term (15 y) multi-disciplir.:y research study of a small 
stream basin (50 km2) in the Miramichi River catchment of Nc mnswick. The aim of the 
study is to quantify the effects of timber harvest on the aquatic I- tnd their habitat. Initiated 
in 1990 by a group of seven agencies, the project has grown rapi,: ,. and, in 1993, involves 3 
federal and 2 provincial government departments. 8 universities and colleges, 1 industry, and 4 
private organizations. Biological. physical and chemical conditions are detailed at spatial scales 
of stream basin, reach, and habirat-type, as measured between 1990 and 1992. Where possible, 
integration of the various sources of data is emphasized. For example. temporal changes in fish 
movement at the counting-fence or of fish densities are compared with hydrologic dynamics 
within the basin and with site-specific physical habitat characteristics. Storm events are closely 
monitored for quantifying the inter-relationships between meteorological variables, stream 
discharge pattern, water chemistry, and suspended sediments. These data will form part of the 
baseline studies of natural environmental variability to be used for detecting changes due to 
forestry activity, scheduled to begin in 1995. Finally, the report provides a synopsis of the variety 
of research activities undertaken between 1990 and 1992, and ongoing. 



Cunjak, R.A., D. Caissie, N. El-Jabi. P. Hardie, J.H. Conlon, T.L. Pollock, D.J. Giberson, and 
S. Komadina-Douthwright. 1993. The Catamaran Brook (New Bmnswick) Habitat 
Research Project: Biological. Physical and Chemical Conditions (1990-1992). Can. Tech. 
Rep. Fish. Aquat. Sci. 1914: 81p. 

Le projet du ~ i s s e a u  Catamaran Brook constitue une approche de recherche multidisciplinaire 
h long terme (15 ans) d'un petit ruisseau (50 km') du bassin versant de la rivi2re Miramichi au 
Nouveau-B~nswick. Cettc etude $ pour objectif d'itudier les impacts sur I'habitat du poisson 
dus aux aavaux forestiers. Initie par sept agences en 1990, ce projet regroupe en 1993 trois 
ministeres federaux ct deux minist2res provinciaux, huit universids et colleges, une compagnie 
indusaielle et quaue agences prides. Le present rapport foumit des details sur les analyses 
biologiques, physiques et chimiques effectuees sur differen& tronqonsdu cours d'eau et types 
d'habitat de 1990 1992. Lorsque possible, une int6gration multidisciplinaire# dans les analyses 
de donnees ?i 616 effectuee. Par exemple. les changements temporelijp du rnouvement des 
poissons ?i la bani2re de denombrement ou les changements dans les densites de poisson ont ete 
compar6s avec les variations hydrologiques au niveau du bassin versant et des unids specifiques 
d'habitat. Les tempZtes sont observees de pres a f i  de quantifier les interactions enue les 
variables m~c6orologiques. le debit du cours d'eau, la qualit6 des eaux et les sediments en 
suspension. Ces donnees feront panie de la base des informations dans lcs etudes de variabilitCs 
naturelles et pour detecter des changements dus aux activites forestieres qui dibuteront en 1995. 
Finalernent, le rapport foumit kgalement un sotnrnaire des differentes activies de 1990 h 1992 
et des activitks en cours. 



1.0 INTRODUCTION 

The Cam; i nn  Brook pruject is a long-term (15 year) 
multi-disciplinxy research study of a small strelrn 
catchment (50 km2) in  the Mhmichi River system of 
New Brunswick. With a primary frcus on the aquatic 
b ioh (pxlicul;uly ulmonid fishes) and their habitats. the 
hroad objective o f  the study is to qu;mtify the effects of 
timber harvest. 1niti;lted in 1990, the project has gmwn 
quickly and has developed into a truly multidisciplinary 
prnject involving many agencies and individuals from 
v.uious disciplines ( A p ~ n d i x  I) to investigate aquatic iu 
well as terrestrial and atmospheric components, and their 
intcr-relationships. 

Cunjak et a1. (1990) dcscr~bed the general chamtenstics 
o f  the hasin and the sludy dcsign. Briefly. the project 
comprises three phms. A 5-year, prc-logging phase 
(1990-1994) to collect background data wil l  serve as the 
basis for comparison with the logging phase (1905- 
1999). Schindlcr (1987) discussed the importance of 
such long-term bawlinc studies of ecosystems for 
detecting the effects o f  anthropogenic stress m relation 
to natural variations in  the environment. Within the 
logging (or "uwunent") p h m ,  studies wi l l  involve 
investigation of the effects of road cohqlruction/xcess 
(1995) as weU as timber harvest per se (1996-1999) in 
pre-determined harvest blocks which constitute 
approximately 12% of the stream basin. The third 
phase, or post-logging phase (2000-2004), wil l  servc as 
a post-treatment assessment of hahilat changes and a 
period for testing hypotheses developed during the 
previous years. 

The purpose o f  this report is to provide a summary of 
reswch activities undertaken during the t i i t  three y ~ m  
of study. Exhaustive data analyses and complete 
descriptions o f  scientific methodologies are not 
contained hercin hut wi l l  be the focus of subsequent 
publications. I n  addition to providing a means for 
ch;lrxterizing the physid.  chemical and biological 
components of the ecosystem, this repon serves the 
equally valuable role o f  data management and 
organization. With so many suh-projects and agencies 
involved, a massive mount  of data has been generated. 
This is largely a function of the vxiety o f  studies being 
carried out at C a m m  Brook. which arc pictorially 
represented in Figure I. Our decision to summxize and 
publish this information now (nther than at the end o l  
the pre-logging phase in  1994) was to provide a 
preliminary view of developing trends which could. 
therehy, he more precisely addressed within the next 2 
years prior to the commencement of logging activities. 

The report has been organized by genenl discipline (i.c. 
biolog~cal. physical, m d  chemical studies) in order to 
facilitate presentation and interpretation hy the different 
individuals involved. 11 does not imply a separation of 
these various disciplines as is too often the c ~ s e  in 
ecosystem studics. Indeed. one goal of the projcct i s  to 
integntc thc data from various sources to better exphin 
ohserved phenomena Many examples of such 
integration can he found in the respective sections of the 
present report. 

2.0 T f l E  STUDY DFSl(;N 

The general plan of study and description of the basin 
chmteristics were outlined by Cunjak et al. (1990). 
The present section provides the detail of the adopted 
plan and the various .scales o f  study together with the 
rationale for the choices. 

2.1 The Stream Reaches 
Four stream reaches were chosen for the study p ~ g u r e  
2) hascd on thcir proximity to the proposed timber 
harvest blocks in  the catchment (.we Figure 3 i n  Cunjak 
et al. 1990). The Upper Reach, n w  the headwaters of 
Catamam B m k ,  includes the lower section of the 
C a t a m m  Lake Outflow (CLO) tribu1:uy and that 
section of the main watercourse (flowing easterly) 
extending from the confluence with the outflow lrihutxy 
and 150 m upstrem. The CLO h n c h  wil l  serve 3s m 
"immediate (or proximal) impact" zone for monitoring 
any impacts from the proposed timher harvest in  the 
adjacent Timber Management Block (TMB) #2021. 
These data wil l  be compared with those collected in the 
"control" section in  C a m a n n  B m k ,  above the 
confluence. Water discharge in  the two hrmches 
avenges 0.227 and 0.201 m3.s.'. respectively. although 
gradient is somewhat higher i n  the CLO bnnch (Figure 
3). 

The Gorge Reach is locdted approximately 5 km 
upstream from the mouth of the hrook m d  1 km 
downstream frum the mouth of Trihutary One (Figure 
2). The Gorge R e x h  serves as the second "immediate 
impact" zone for the proposed TMB #2036 located along 
the south side of the h rwk  here. This reach is 
characterized by a steep gradient (Figure 3) ,and a 
prevalence o f  bedrock exposure in the strwn. The 
avenge flow for the Gorge Reach is approximately 
0.892 m3.s". 

The Lower Reach (lower 2 km of brook) and the 
Middle Reach (near mid-basin) hoth serve :LS "reduced 
impact" zones hecause o f  thcir locations dist:mt from any 



proposed harvest blocks. Hypxhesizing that impacts 
wi l l  he greatest near to hyvest areas. the resulwnt data 
from these reaches wi l l  he compared with those from the 
Upper and Gorge Reaches. Thc Middle Reach, because 
o f  ils lwation (Figure 2). serves 3 second function of 
"control" for the downstrenm Gorge (trcitmenl) Rexh. 
Both the Middle a d  LowerRexhcs haverchtlvely low 
s a w  gndients (Figure 3) with mean annual discharges 
in  the former of approximately half that of the latter at 
0.686 and 1.23 mJ.s". respectively. 

2.2 Habitat-types 
Site-specific studies m performed at the spatial level of 
hahitat-typc. Four habitat-types have been identified in 
the C a m m  Brook: a) flats. b) riffles. c) runs and d) 
pools. Initially, habitat-types were identified visually 
and then their physical chmcteristics werc measured. 

Flats arc typically long, wide. slow-flowing sections of 
the stream with 3 nearly homogenous substrate of small- 
medium particle shes throughout the area: they have a 
very gentle slopc with an unbroken (smooth) water 
surface. Riffles arc shallow. fast-flowing sections of 
stream with a relatively shallow depth. marked gradient. 
3 broken (turbulent) water surface and hetemgenous 
suhsuate oflen with significant amount of rubble and 
boulder. The runs are intermediate to flats and riffles 
and are chamterized by hetcrogenous flow patterns and 
substrate si7.e~. arc usually deeper than riffles and 
shallower than flats. In  the Gorge and Lower Reaches. 
where bedrock predominates in some s u e m  sections. 
sepmtc "bedrock run" sites were also chosen for study. 
Pwls, like flats. are slow-flowing stream sections but. 
unlike the former, pools are more depositional in 
chancter with an obvious reduction in  mean water 
velocity relative to ibdjxent habitat-types: this 1s 
reflected i n  the predominant panicle sires o f  the 
substrate which includes significant amounts of m d s  
and fines (silt). In general. pools have negligible slopes 
and the greatest avenge depth o f  all habitat-types. 

Replicates o f  habitat-types were selected in  each reach. 
In  all. 30 sites were monitored during the first three 
years of the project. The physical characteristics of 
representative habitat-types are presented in  Tahle I. 
Avemge width generally increaces from headwaters to 
the Lower Reach (Table I). Riffles have a steeper 
gradient with all the slopes greater than 1.2 % (Table 1). 
The slopes for the flats are quite genUc. ranging from 
O.WO to 0.213 %; runs have slopes in the nnge of 0.6 
. However, some runs have slopes as steep as 0.851 

% (such as for MRUI )  whereas others have negligihle 
slopes (e.g. LBRU2). 

2 3  Habitat Surveys 
Having era~blished the criteria for designd~ng the 
various hnbiut-types in Caumaran Brook (see above). i t  
was then possible to quantify the representation o f  each 
within the complete watercourse. These data would 
subsequently he useful for extnpolating f t ih density and 
production cstimlltes for the entirc sueam. Funher. the 
relative frcqucncies and areal percentages of the different 
habitat-types could be monitored over time to note 
changes among reaches a d  changes related to 
environmental impacts. Therefore. the area o f  each 
habiwt-type was measured in August. 1991. during low 
waler conditions. The survey began from an impassable 
banier to fish migration (waterfall) on the CLO i r i b u q  
1.5 km upstream of its confluence with C a m -  
Brook and continued along the main watercourse 
downstream to the counting-fence (approximately 15 
km). Calculated areas werc the product of thalweg 
length (m) and average width (from 3-5 measuremeno: 
per habitat-type). I t  was decided to repeat the survey 
every secorut y w  during low flow conditions. and 
following the July elccuofishing surveys. 

Results from the 1991 hahitat survey are shown in  Tahle 
2. Riffles and runs are the predominant hnbitat-types in 
all ruches, with runs being the most frequent and 
constituting the most area o f  stream in  C a m m  
Brook. Flats are mwlerately ahundant in the Upper 
R e x h  but they con:rsise a significant amount of 
available habitat in IC Lower Rexh, probably a 
function o f  the lower ~radient in this section of stream. 
Pools are rare in  all reaches. 

3.0 PHYSICAL STUDIES 

To best understand the effects of forestry practices on 
aqwtic hahiht. one has to study how physical factors 
(such rcs precipiwtion and climate) influence stramflow. 
As previous researchers have shown. timber harvest can 
modify streamflow (Bosch and Hewlett 1982) and 
changes in  s t r m f l o w  can subsequently modify instream 
physical habitats (Bovee 1982). 

To monitor these changes, climatic and hydrologic data 
have been collected for 3 years at C a m m n  Brook. 
Because the research hasin is situated close to climatic 
and hydrologic stations operated by Environment Canada 
since the mid-1960's. data from these stattons wil l  he 



used for regional comparisons and as a historical 
data&. Many site-specific physical data from 
CaLlmaran Brook have also been collected (e.g. stream 
depth and velocity, substrate mearuremenlq. and others). 

3.1 Meteurology 
To establish the climatic conditions, and ultim;~tely the 
hydrologic hudget of the Catamaran Brook hasin. a 
primary meteorological station was installed at mid-hasin 
(sce Figure 3 in Cunjak ct 31. 1990) and has been in 
operation since February 1990. The station monitors the 
following variables: air temperJture. relative humidity. 
solar ndiation. wind speed and direction, prccipitation 
(liquid and solid), snow depth. baromeuic pressure, dew 
point. groundwater depth. and groundwater temperature. 

Historical data on air temperature 'and precipiwtion have 
been collected from the n c a y  McGnw Brook DNR 
station since 1969. Annual precipitation (Figunt 4) 
ranged between RfKI mm in I971 and 1365 mm in 1974. 
a significmt difference of 505 mm. The long.term 
avenge precipitation (excluding 1972) was calculated at 
1142 mm. with a coefficient of variation of 0.134. 
Annual precipiwtion measured in the C a w m m  Brcx~k 
basin was above avenge for I990 and 1991 at 1287 mm 
and 1301 mm. respectively. and helow average for 1992. 
a1 101 I mm. A. described in Botce and Ashkar (190 I). 
the Wald-Wolfowitz's (1943) non-panmetric test for 
independence was performed on the mean annual 
precipitation data from 1973 to 1992. The independence 
was xccptwl at a 5% level of significance. Therefore 
no autocorrelation was detected in the data The Gruhbs 
:ind Beck (1972) outlier test was also performed and no 
outliers were detected at a 10% confidence level. 

T;ihle 3 presents the monthly precipitation distribution 
for 1990 to 1992 and long-term monthly statistics from 
1969 to I992 using data fmm the McGnw Brook 
metwrological station. Monthly precipitation mouncs to 
;~pproximately 90 to 110 mm except for February which 
receives only 71.7 mm on avenge (Table 3). 

The lowest recorded monthly precipitation in the 
Catamaran Brook region was ohsewed in Janwry 1970 
at only 7.1 mm; the lowest monchly precipitation 
recorded during the course of the project was M.1 mm 
in December 1992. The highest recorded monthly 
precipiwtion was ohserved in August 1991. at 245.2 mm. 
During August 1991. one particular event was 
respnnsihle for 108 mm of rain in 14 hours. This was 
the result of Humcane Bob on August 20, the biggest 

storm recorded at Catamaran Brook and will he 
de~r ihcd in detail later. 

The long-term minimum. mean monthly. and maximum 
aa temperatures were also calculated by using data from 
the McGnw Brook DNR swtion (Tahle 3). Januxry has 
the coldest mean monthly temper:iture with a long-term 
mmn of -11.8 'C. a mean minimum of -18.1 OC :md a 
mean maximum of -5.5 'C. July is the wmes t  month 
with a mean monthly temperature of 18.8 "C. a mean 
minimum of 11.8 OC and a mean maximum of 25.7 OC. 

Relative to the long-term data set. air tem~uxatures 
monitored at C a w m m  Brod; between 19W and I092 
indicated some extrcme values (Table 3). Fehrwry and 
July of 1992 experienced the coldest mean monthly 
temperatures recorded (1969- IW2) a1 - 15.3 and 16.1 OC. 
respectively. However. August of 1990 and December 
of 1992 had the wmes t  recorded man  monthly 
tempentures at 19.9 and -1.8 "C. respectively (Table 3). 
Since the installalion of the meteorological stiitlon at 
Cammann Brook, the coldest recorded air temperature 
w x  -33.9 OC on Februvy 27. 1990, while the warmest 
temperature was recorded on &y 22. 1992. a1 35.1 "C. 

3.2 Hydrology 
Water plays an impomnt role in Calamann Brook as in 
all sucams. hy transporting nutrients and ions, forming 
the channel, and providing hahitat for many species. To 
monitor discharge. 3 hydrometric gauge was illstalled at 
mid-basin in October 1989 hy Environment Canada. 3s 
part of their national network. The gauge consists of a 
stilling well connected to the stream via a pipe. Watcr 
level is meawred using a float and chan recorder along 
wich a pressure rnnsducer connected to a dam logger. 
Hourly discharge eslimates are then obtained using a 
relation between the water level and a precalihrated 
rating c~uve. In the autumn of 1992, a pressure 
transducer water level recorder was also installed 31 the 
mouth of C a w m m  Brwk. 

Long-term historical data on discharge at C a m w ~ n  
Brook were uiculated using prorated values from the 
Renous River hydrometric station. Figure 5 shows the 
mean annual flow at Cabmaran B m k  based on prorated 
values from the Renous River. except for 19LN and 1991 
when actual discharge was measured. The mean m u a l  
flow. in the Middle Reach, was estimated at 0.686 m's '  
or 754 mm of ~ n o f f  with a median flow of 0.33 1 ml.s.'. 
The median flow is less than half of the mean annual 
flow and 754 mm of runoff represents 66% of the 
annual precipitation. Figure 5 also shows the a11nual 



variability of flow with the highest mean annual flow at 
0.977 mJ.s". The Wald-Wolfowitz's (1943) non- 
p.mmetric test for independence was performed on the 
mwn annual flow data and the independence was 
accepted 31 a 5% level of signilicmce. Therefore. no 
autocorrelation was detected in mean annual flow dam. 
An outlier test (Gruhhs and Beck 1972) was also 
performed and no outtien werc detected at a 10% 
confidence level. 

Monlhly discharge during the first three years of the 
project nnged from 0.135 mi.s' in July 1991 to 2.18 
m3.s' in April and May of 1991 (Table 4). In fact, 1991 
experienced both the highest and lowest monthly flows 
on record. The long-term monthly flows (Table 4) show 
that the high flow month wcurs in \fay, at 2.15 mJ.s". 
a. a result of spring flmding due I low melt. usually 
incombination with rainfall events. shough the month 
of May generally has the highest flows, spring floods 
can p a k  in late April. 

The low flow month is August with an avenge flow of 
0.256 mJ.s' (Tahle 4). July and Septemher monthly 
flows are often of similar magnitude lo August. Low 
flows can also be experienced in winter. as seen for 
Fcbrwry of 1991 and 1992. On a longer term, January 
has the lowest winter flow at 0.283 mJ.s'. only 11% 
higher than August. the lowest flow month. Winter low 
flows, t l~refore.  can be ;rs important as the summer low 
flows in terms of effects on aquatic habitat, especially 
when ice conditions are factored into the equation. 

The discharge hydrograph can show mwked variability 
within months and between years. This was obvious 
from 1990 to 1992 at Catamaran Brook (Figure 6). 
During the spring flood period of late April to early 
Way. an extrcmc flmd of 13.0 m3.s" was recorded on 
May 3. 199 I (not shown on Figure 6 as it exceeds the 
nnge of the graph). The 1992 spring flood was unusual 
as the discharge increased lo only 3.2 m'.s'. The lowest 
daily flows on record occurred July 31 - August I of 
1991. and also m October 10. 1992. at 0.036 mJ.s.' for 
hoh years. 

Flrnxls have been found to have many effects on fishes 
and aquatic invenebntes (Pcarson el al. IWZ: Erman el 
31. 1988). T o  obtain some insight into flooding and is 
possible effects on fish habitats at Catamaran Brook. a 
flmd frequency analysis was performed using long-lerm. 
prorated discharges From the Renous River (an adjacent 
river hasin). To c w y  out the flood frequency analysis. 
thrce different types of prohability distributions werc 

u x d  lo fit the annual flood series dam as describe by 
Kite (1978); the 3 parameter lognormal. the Type I 
cxtrcmal, and the Pcarson type 111 dislribution function. 
A panial duntion series an~lysis (Caissie and El-Jahi 
1991) wasalso performed. Rood frequency analysis for 
Cawmann Brook was performed for recurrence intervals 
ranging from 2 to 100 years (Table 5). The median 
value fmm the different distribution functions w:is used 
to estimate flood. for each recurrence interval. The 2- 
yew flmd was estimated at 6.1 m3.s' with the estimate 
for the 100-year f l m l  at 16.2 m'.s'. The magnitude of 
the May 3. IW I flood. at 13.0 m'.s'. would be between 
that of a 20 and SO-year flood event (Tahle 5). It should 
be noted that the accuracy of the f l d  estimate 
decreases as the recurrence interval increases. and a 
recurrence interval of 50 years represents an 
extnpolation. This is due to the number of years of 
d a b  used for the analysis which w u  25 (1966-91). 

As much as high flows can affect fish population, the 
low flow period is also very i m p o m t .  especially when 
it is coupled with high water tempentures in the summer 
or vely cold tempentures during winter. A low flow 
frequency analysis was carried out using the Type 111 
exmmal distribution function (Kite 1978). The 1.7 and 
14-day low flow are presented (Table 6) because unlike 
flooding, low flows occur over a longer period of time. 
The 7 d a y  low flow. for instance, represents a moving 
avenge of 7 days for which the minimum flow of each 
year was selected and fined lo the dismbution function 
listed a b b e .  The 2-year l-day low flow for C~tamaran 
Brook was estimated at 0.063 mJ.s" while the 5 year 
low flow was estimated at 0.037 rn3.s" (Table 6). The 
14-day low flow is greater than the l-day low flow. 
however, the difference is relatively small (in the m g e  
of 30%). The lowest flow recorded. to date. at 
Calammn B m k  was 0,036 mJ.s'.  estimated to be 
within the range of a 5 -yea  low flow. 

33  Hurricane Bob 
With the insbumentation and data loggers at Catmaran 
Brook, information is k i n g  collected every hour, 
providing detailed analysis of particular events. such as 
storms. To illustrate how hydrologic information from 
the sacam gauge and data collected at the 
meteomlogical station w n  be linked with each other, the 
passing of Hurricane Bob through the Calamaran basin 
in August 1991 is described (Figure 7). 

Hurricane Bob originated in the Bahamas and was 
followed into New Brunswick hy Atmospheric and 
Environment Service (J.F. Aminult, pers. comm.). 



" A  'I'+cil Drpmrsim formed cast of h e  Rahmrs I'nday 
morning ( ~ u g u s l  16) md rnnvcd rlovty wcrlward thcn nonhvard. 
lnck lng along h e  cast coast of t h i d r  lhmgh i:nday m d  
Saturday. G n d d  nrrn#hcning of h e  lyrvrn rrsulrrd in the 
dcprr r iun king upgraded fin1 ru T r q i d  Slum Bob rml Ihcn 
I c l  llurn-e tloh. I ly  SsNrday a f t e rnun  (Augun 17). H u n i c ~ c  
Iloh was r b l  hOO k~ lurne l r rs  souh of Cqx I l a l l e n r  url 
fvlluvong r nonh-nonhe-1 lnck. Bob conllnucd on th is  Inck 
I h g h  Sundry (Augua I R )  psslng jurl wcr l  d Cyc Ctd 
M~mdry d l e r n w n  (Augun 191. Wel tcwd by ilr incmnrer ullh 
Cspe Cd. Bob rncwcd across !he Gull of Maine md made 
landfill n r u  tlnmrwiek. Mrinc. Monday cvcning. The h'uionil 
l l u n i u n e  Cenlcr (P;HC) doungrvlcd Bob l o r  I+cd $lam tale 
Mday  cvming md to an erlra-1ropic.l sysum ur l y  'Tuesday 
rnomlng O\ugua 20) rr ihr pa-tropical ryrrern mmed anms 
Chrhun. i i e v  tlmnrvick url rnlu lhc nvnhcrn Gulf of St 
Imvrmcc.' 

As Hurricane Bob. thcn downgnded to a tropical storm. 
approached Catamann B m k .  the b;irometric pressure 
fell from a high of 1000 mb on August 19. 1991 to 3 

low o f  970 mb on August 20 at 0700h (Figure 7b). The 
barometric pressure rose again to almost 1005 mb as the 
storm left the area. Solar radiation reached a mnximum 
of 1919 W.m2 on August 20, with a daily total of 11616 
kJ.m". In  contrast, the day following Hurricane Bob 
was more overcast, with solar ndiation reaching a 
maximum of only 660 W.m2 and 4791 kJ.m1 for the 
daily total (Figure 7b). 

Air  temperature and wind speed were inversely related 
(Figure 7a). Air  tempewure rellched a minimum of 
I1.9"C at O l O h  then increased to a maximum of 13.2"C 
at 0700h during the peak of the slorm (Figure 73). The 
air temperature then decreased to 12.0°C at lOOOh 
following the storm and increased to a daily maximum 
of 16.2"C at ISOOh. Hourly wind speeds incremd to a 
maximum o f  26.4 km.hl gusting to 52 km.h" at 03mh 
prior to the storm peak: the wind direction at the time 
was northest. By the peak of the storm at 0700h. the 
winds had diminished to 8 km.h". gusting to 18 km.h1 
hefore increasing again during the day (Figure 73): wind 
direction had shifted northwest. 

R:iinfall started late in  the day of August I 9  and 
incremd to an hourly maximum of 14.7 mm at (nOOh. 
the following day, which corresponded to the peak of 
storm and lowest h o m e u i c  pressure (Figure 7c). The 
total rainfall during the passing of Hurricane Bob was 
108 mm in  only I 4  hours. Based on extreme rainfall 
statistics for a 12 h w r  duration. precipitation during 
Hurricane Bob was utimated to have a recurrence 
interval of over 100 years (Hogg and Can 1985). 

Discharge increased from a basc flow level o f  0.095 
m's '  to a pe:k of 6.15 m'.sl. while the suspended 
sediment incrensed to a maximum of 37 mg4' (Figure 
7c). Suspended sedimellts macured during Hurricane 
Bob wcrc the highest recorded 31 Catamaran Bm)k (see 
Tables 7 and 8 for other storm and non-storm cvents). 
The suspended sediment peak preceded the discharge 
peak by approximately 2 hours (Figure 7c). For other 
storm events at Catmann Brook. the suspended 
sediments peak concenwdtions also precede the discharge 
peak hy I to 3 hours. Chmter iz ing such storm eve~lts 
at Catamaran Brook is imponant for understanding the 
inter-relationships of meteorologic and hydrologic 
parameters in a small stream basin. Such an exercise 
wi l l  be especially relevant in  the future for relating 
response curves of discharge and suspended sediments 
before and after timher hmest. for storm cvel~ts of 
similar magn~tude. 

The description of the events surn~unding Hurricane Bob 
was derived mainly from the meteorological and 
hydromcuic station data situated in mid-basin. 
However. five other stations equipped with data loggers 
exist throughout the hasin and the following &~ta arc 
k i n g  collected every hour: water and air temperature. 
stream lcvcl.precipita~ion and stream w31erconduct1vity. 
These wil l  permit deuiled determinations of localized 
hydro-metenrological conditions ( i t .  at sub-basin level). 

3.4 Physical Habitat Characteristics 
A l l  the above variables affect hahitat by modifying 
stramflow, watcr chemistry. discharge. water 
temperature, etc. To monltor the physical habitat 
chmteristics. hydraulic and cross-sectional data are 
collected at the same sites as the hiologicnl data. The 
physical cluncteristics for three represenwtivc habitat- 
types (it. riffle, f i t  and run) in the Middle Reach are 
shown in Tahle 9. Each habitat-type ranges in length 
from 12.5 m (Middle Run 2, MRU2) to 17.3 m (Lower 
Flat 2. LF2). Other meacured variables include dale of 
survey. discharge during the survey. slope o f  the habitat- 
type, and others (%hie 9). For example, the slope of 
the riffle was calculated at 2.3% while the run and f i t  
had slopes of 0.6% and 0.1%. respectively. Also 
presented for each hab~k~t-type. is the surface area. 
wetted area. volume of water, Froude numbcr. Reynolds 
numher. and substrate size (Table 9). 

The substrate sizes identified are D,, and D,. D, 
represents the median subsuatc diameter (size) while the 
D, ( is.  8.1%) relates more to the variability of the 
subswdtc size disuihution. MR? (Riffle) h ~ s  the h~ghest 



median substrate size at 8.0 cm while LR (Rat) has the 
lowest. at 4.0 cm Cable 9). 

The Reynolds (Re) numher is a musurc of turbulence. 
expressed by a dimensionless term that relates the 
inertial force to the viscous force of a fluid (Chow 
1059). The Reynolds numkr  is expressed as: 

where V is the velocity. D the depth of flow and v the 
kinematic viscosity. When the Re < ZNM. the flow is 
laminar. and it is turhulent for values > 2000. The 
Reynold$ number calculated i n  Table 9 shows that the 
flow was turbulent for a11 three sites. 

The Froude numher (Fr) L$ another dimensionless 
p;lrameter in hydraulics that relates inertial to 
gnvilational forces (Chow 1959). The equation is given 
by: 

where g i$ the acceleration due to gravity. When Fr<l. 
the flow is subcritical and when F n l  the flow is 
supercritical. The flow becomes critical when Fr=l. 
however, such a Froude number nrely exists as it only 
pnsses through unity when the flow changes from 
supercritical to subcritical, or vice versa. Both Re and 
Fr are parmeters recommended for use in fisheries 
studies to better understand the physical properties 
affecting fish habitat (Heede and Rinnc 1990). 

To calculate the physical habitat chmcteristics. data 
from five cross-=lions were collcctcd per site. 
Statistics were calculated on the parameters to show the 
homogeneity o f  the habitat unils (Table 9). For 
example, the coefficient o f  variation (Cv) for s u m  
width at MR2 is 26% in comparison with 4.1% and 
7.6% for LF2 and MRU2, rcspectively. which suggests 
a more variable saeam width for MR2. A more 
heterogeneous depth pattern was suggested for MRU2 
with a Cv o f  16.9% compared with 11.1% and 12.0% 
for MR2 and LR, respectively. Such a physical habitat 
cross-xctional analysis makes i t  possible to compare all 
the different habitat-types. 

3 5  Physical Habitat Modelling 
The collected cross-sectional data clln be used to 
simulate the :~vailablc physical habitat using models such 
as the Physical Ilabiwt Simulation or PHABSIM 
(Milhous et al. 1989). PHABSIM is the computer model 
ponion of the Instrerun Flow Incremental Methodology 
(IFI'IM) developed by Bovee (1982). Simulation of 
habitat is u x d  mainly: a) to study impacts o f  water 
withdrawal on tish hahilat and populations (i.e. instream 
flow assessment). 'and b) to correlate the physical habitat 
with existing productive capacity of the stream. This 
latter approach can he used to estimate fish abundance 
when physical habitat acts as the limiting factor. The 
PHABSIM model simulates physical habitat variables 
such as depth. subsmte and velocities for different 
discharges. B a d  on biological preference o f  habitat for 
specific species of fish, a habilat preference curve 
(v~~lues nnging from 0 to 1) is established for each 
habimt varhblc (depth. velocity and subsmte). A value 
o f  0 indiwtes no hahitat preference by the fish and I 
indicates highly preferable habitat. Using the substrate 
d a ~ 1  with the simulated depth and velocities for different 
discharge, PHABSIM calculates the ovenll suitahle 
hahilat or Weighted Usable Area (WUA). 

Such an analysis wm carried out for 20 slks at 
C3tammn Brook including three different habitat.typcs 
(riffles, runs and flats). Figure 8 shows the habibt 
(WUA) - discharge relation for fry of sites MR2 and 
MRUZ using PHABSIM (Milhous el al. 1989). Thc 
habitat is expressed as an area of suitable habilat (m') 
per 1000 m of stream length. In  general. the habitat- 
discharge curve indicates an increase in usable habitat to 
a threshold value, followed by a decrease in  habitat area 
as discharge continues to increase. For the threc sites 3t 
Catammn Brook. the maximum mount  of usable 
habitat occurs at a discharge similar to the mean annual 
flow (0.686 m'.s-I). Riffle. MR2. has more usable 
h;~bitat space than does the run. MRU2 (Figure 8b). The 
confidence intervals ;ire influenced by the homogeneity 
of cross sections in relation to the simulated depth and 
veltrities. The habitatdischarge curve praluced by 
PHABSIM makes the assumption that the stream water 
tempenture is suitable although i t  c w l d  also be 
incorporated into the modelling equation with depth. 
velocity and substrate. 

3.6 Stream Temperature Modelling 
Two approxhes exist for modelling stram water 
temperature: deterministic and stochastic. The 
deterministic approach predicts stream water tempenture 
using the different physical processes involved in  the 



change of water temperature. The stochastic apprtr~ch 
uses a time series analysis technique and prcdicL~ future 
s t ram water tempenture hascd on the internal slructure 
of the series and using a transfer function that 
eswblishes a relationship between air and water 
tempcrature. 

The detenn~nistic approach used 31 C a w m m  Brook 
involvcs :In input-output type model based on causative 
factors that heat and cool sueam water. This type of 
modelling approach for water temperature involves 
energy budget equations. In such a model. input 
pwamctcrs such as solar radiation, air rempenture. 
cvapqt ion.  and precipitation are important. 

The present report will only briefly discuss the 
modelling of sueam water temperaturc using the 
stochastic approach. For funher discussion on the 
subject at Calammn Brook the readers are referred to 
the study of El-Kourdahi (1993). 

In the stochastic appronch, the s w o n a l  and non-sewnal 
componenb of the time series wen: studied. The 
nonseasonal component is the part of the series which 
represents the long-term annual variation of s u a m  
temperatures. This component at Cawmafan Brook 
rakes the form of a Fourier series given by: 

where 

and 

In equation 3.3, n represents the number of harmonics. 
A012 the arithmetic m a n  of function f(1) and N is the 
r~umbcr of obscrvnions. For the present study. the 
strenm water temperaturc modelling at Calamaran Brook 
using only I harmonic will be discussed. The calculated 
equation for nonseawnal variation is given by: 

For the seasonal variation. a Box and Jenkins (1976) 
type mule1 was calculated using the residuals between 
the nonsemnnal variation and the actual meaurcd w:iter 
:md air tcmpcmtures. Using the procedure ARIMA 
(SAS 1988) the following transfer function WAF 

obhined: 

with \(t) and R,(t) k i n g  the residual of sueam water 
and air temperature and time t (or day 1). The last 
componenw of equation a(1) and a(t-I) represents the 
white noise at time t and 1-1. The white noise can bc 
modelled using a random generated number distributed 
normally with 3 m a n  of 0 and standard deviation of 
0.72 as calculated by SAS (1988). Filli~lly. the predicted 
stream water temperature. P,. is ohwined hy summation 
of the seasonal and nonseasonal variations: 

Figure 9 shows the simulated and measured stream water 
temperature at C a h m r a n  Brook for the years 1991 and 
1992. The smoothed line rcpresenls the nonseas(nal 
variation which is the result of the Fourier 'analysis of 
equation 3.6 using one harmonic. 

The residuals were modelled using equation 3.7 and the 
predicted s t a m  water temperature was obtained using 
equation 3.8. A very good fit was obwned for hoth 
years. However. in 1991. the male1 calihntion year. 
stream temperature followed the nonseasonal variation 
curve very closely with an increase in temperature 
reaching a maximum on day 202 (Figure Oa). The 
n o n s m n a l  variation curve has a maximum value on 
day 210. As pointed out previously. July 1992 was the 
coldest July since 1969 and the effect on water 
temperature is evident in Figure 9h. In fact. during 
1992. the stream water tempenture was below n o n d  
from approximately day 175 to day 235. It should be 
noted that h e  predictions during the Mow-normal 
temperatures of 1992 were very good. This suggest that 
the model is quite robust in predicting stream water 
temperature even during ahnormal y m s .  



3.7 Snow Depth and Density 
Snow is a significant ix~nion of the precipitation 
conrrihuting to streamflow in Catamaran Brook. 
Determining snow quantity and it.. water equivalent is 
necesslry to quantify the hydrologic budget in the 
CaLzmann Basin. end for predicting ground water levels 
:md spring flood evenu. Present timber h m e s t  practises 
(i.e. clear.cutting) may affect snow accumulation. 
melting rates and, subsequently. flood timing and 
m~~gnitude. 

Snow survey plots were selectcd in 1991 and are 
monitored bi-monthly dur~ng the snow season. Two of 
these plots are located in harvest blocks scheduled for 
cutttng in 1996. Replicates of these plou were selected 
in adjltcent non-hmest areas. with similar m e  spcctes. 
stem density, canopy closure, slope and aspect. In each 
plot. ten points arc sampled for depth and water content 
at 2 m intervals along a uansect line. Subsequent 
sampling. within the same s u w n .  is carried out on a 
line parallel to, but 2 m distant from the previous 
tnnsect line. Monitoring will continue throughout the 
lifc of the project. 

4.0 WATER CHEMISTRY 

The Monitoring and Evaluation Bnnch of the Water 
Resources Directonte of Environment Canada has 
contrihutcd to tbe C a t a m m  Brook project hy 
maintaining a stream gauge and by analyzing u* lc r  
samples since the project began in 1990. Water r, .:s 
are collected on a monthly basis from 3 locations: e 
Middle Reach, just upsmam of the road bridge wh.. IS 

approximately 7 km from the s m  mouth: (ii) the 
Lower Rexh .  between the counting-fence and the 
stream mouth: and. (iii) the Little Southwest M i m i c h i  
River approximately 50 m upstream from the confluence 
with C a m a r a n  Brook. Water samples are analyzed for 
25 chemical variables (Tables 10. 1 I. and 12). 

The monthly data (Tables 10.1 1.12). augmented by some 
storm event data (unpuhl.). show that stream water 
chemistry at the mouth of Cawmaran Bmok is not 
significanuy different from that in the Middle Reach. 
However, major ion values in C a m m n  Brook are 
always greater than thme in the LilUe Southwest 
Minmichi River as can be seen in the time plot of 
specific conductance (Figure 10). The observed seasonal 
pattern is typical of groundwater baseflow interrupted by 
sudden summer events, autumn nins. and spring 
snowmelt. Avenge pH in Catammn B r d  is 7.25 and 

7.26 for the Middle and Lower Reaches. respectively. 
wherus pH in the Little Southwest Miramichi River is 
slightly lower. averaging 6.84. The time plot of 
alkalinity (Figure 10) dcmonstntes that Catmaran 
Brook is sufficiently well-buffered that none of the 
acidifying events :we able to rcduce alkalinity to zero. as 
crcurred in the Little SouUlwest Miramicht River in 
early May 1991. On that dale. the spring 
qxate/snowmelt depressed pH to 5.3. the lowest rccorded 
during our study: pH in Catamaran Brook remained 
between 6.9 mi 7.1 (Tables 10. 11. and 12). 

Turbidity is a measure of the water column's ability to 
scatter light and is most oftcn associated with the 
suspended sediment load in the water column. That load 
has the potential to settle out in quiescent sections of the 
s u m  and adversely affect fish habitat. Turbidity 
values <I are indicative of concentrations which will not 
impact on fish habitat. The data in Figure I1 all meet 
that criterion except for one sample collected from the 
Lower Reach after during the Hurricane Bob event. 
Data such as these provide the background values for 
determining the effects of road construction (1995) and 
timber harvest (1996-1999). 

In general, the conccntmtions of dissolved nitrales. 
phosphorus, and poostium are close to the laboratory 
equipment's detection limits (Table 10. 1 I .  and 12) and. 
therefore, typical of sncams draining "healthy" forested 
catchmenu. Another important nutrient that may bc 
exported via the w;i:-r column i.5 dissolved organic 
c;ubon (DOC). Duriq ..!lse periods where streamflow 
is derived mainly frl. -oundwater (i.e. at baseflow). 
concenvations of ne~t . DOC, nor of aluminum. are 
elevated. This is in accordance with the known 
insolubility of Al sulk at near neutral pH's and funher 
suggesu that DOC is being removed from the soil 
column before it reaches the groundwater. The tune plot 
of Al and DOC in the Lower Reach of Catamxin Brook 
(Figure 12) does show Al concenvations M.1 mgL" 
which is the CCME (Canadian Counc~l of Ministers of 
the Environment) guideline value for the protection of 
aquatic lifc. However. the Al is associated with DOC 
when it is mwured  at these higher concentrations and, 
therefore. chemiwlly complexed so  as to be unavailable 
to the quat ic  biota. 

5.0 BIOLOGICAL STUDIFS 

The list of fish species found in Cawmaran Brook has 
been expanded from that originally noted at the swrt of 



the project (Cunjak et al. 1990). A total of 16 spec~cs 
rcpesenting R families has teen identified (Tahle 13) 
~;LSCXI on sampling results from all hahitat-types within 
the catchment. as well as from the countrng-fence. O f  
these, juvenile Atlantic salmon, brook &out, hlacknose 
dace. hke  chuh. and slimy sculpin are the most 
common species resident in  the brook. Brook m u t  are 
most ahundant in the Middle and Upper Reaches o f  the 
catchment whereas lake chuh occur mainly in thc Lower 
Reach. in the pooL$ and deep runs. 

5.1 The Fish-Cnunting Fence 
The fish-counting fence used at Catamarm Brook is a 
single-trap, two compmment design permitting 
simultaneous capture of upsueam and downstrum- 
moving fishes. similar to that described hy Mullins el al. 
(1991). The fence portion consisui of a series of vcnical 
conduit pipe. spaced 12 mm apm, angled so as to direct 
fish and water now into the trap. 

In  1990. the fence was consuucted within 50 m of the 
mwth  of C a t a m m  Brwk. However, the relatively 
narrow width and high hanks in  this location precluded 
an efficient opention of the tnp and contributed to the 
damage sustained during a late October flood event. 
Consequently. the fence was moved to a more suibhle 
location 250 m upstream o f  the river mouth where i t  has 
been operated for the 1991 and I992 seasons. 

Fence opcntion begins in  early May as stnn as possible 
following the spring thawlfreshet while water 
tcmpentures arc still low (4°C) and prior to significant 
fish movement into or out o f  the h rwk  (Figure 13). The 
m p  is checked at least twice per day: more often during 
peak migrations. In  general. all fish are identified to 
species (and life-stage for salmonids), measured (fork- 
length (FL). cm) and weighed following anaesthetization. 
before being r e l d  into the s u w n .  Adult salmon and 
smolts me handled slightly differently. Adults are 
identified as grilse (<63 cm FL) or multi-sea-winter 
(MSW) .salmon. sexed on the basis o f  phenotypic 
featuns, sampled for scales, measured OX) and tagged 
(beginning in  1992): smolts are only counted. although 
5 of every 200 me subsampled for determinations of FL 
and age (i.e. scales arc taken). Opention o f  the 
counting-fence ended in  mid-November in  1991 and 
1992, just prior to freeze-up in the stream and well after 
the spawning run of salmon (Figure 13). 

Capture efficiency at the fence was estimated in  1991 
and in 1992 hy mark-recapture of down-mignnt smolts 
during May. A sample o f  50 smalls wm trapped in 

fyke-nets at a location 300 m upstream of the counting- 
fence: they were marked with a Panjet dye-innoculator. 
and released hack to the stream. Subsequent recaptures 
at the counting-fence indicated a uapping efficiency of 
70% in 1991 and 86'70 in 1992 (Table 14). The 
improvement likely reflects malific;~tions made to the 
fence/tnp design m I992 based on experience from the 
previous years. That time of inoperation of the fence (a$ 
a result of flood evenls) declined in 1992 provides 
funher evidence of the improved efficiency of the 
counting-fence since lW (Tahle 14). 

Most of the movement of fish through the counting- 
fence at C a t m m  B r w k  in  1990 - 1992 occurred 
during late May and June (Figure 13). The predominant 
direction of movement was downstre;un with an annual 
average of 4.924 fish moving out o f  Camaran Brodc 
compared with .m avenge of 1.49 I fish moving into the 
h rwk  e x h  yenr. This net "loss" of fish from the h rwk  
reflecls the importance of such tributary strums for 
spawning, and ~LF juvenile r w i n g  hahitats (e.g. for 
Atlantic salmon, lake chub). However, i t  should be 
noted that capture efficiency of the counting-fence is 
better for downstrc;lm-moving fish than for those 
moving upstream and also more effective for retaintng 
larger individuals (xe Symons 1969: Cunjak et A. 
1989). Therefore, fence totals in  both directions would 
tend to underestimate very smaU (e.g. young-of-the-year) 
emigrants a$ well as relatively smidl-bodied fishes (e.g. 
cyprinids) entering the brook to spawn. 

Fish movement generally slows down through August 
and mid-September hefore increasing again in the 
:iutumn (Figure 13). 3s water temperatures decline and 
water discharge gcnenlly incr~ases. This autumnal 
movement is almost exclusively o f  salmonid species. 

A breakdown o f  fish movement. by family shows that 
cyprinids were the predominant group of fishes 
emigrating from C a m a n  Brook during June of LY)O 
and 1991 making up between 82% and 45% of the 
monthly downstream movement. respectively (Figure 
14a.h). However, in 1YY2, relatively few cyprinids 
moved downstream in June except for a peak emigration 
during the last week of the month which coincided with 
a sudden increase in discharge (Figure 14c). This 
similarly stimulated other fishes to emigrate from 
Catamaran Brook (Figure 13). In conmt .  in 1992. 
cyprinids xcountcd for much (73%) of the u p s w m  
movement during June. 



Species differences ch.mcteri7.ed the movemcnt panerns 
of cyprinids from 1990.1992. In 19'M, golden shiners 
(Notemigonus crysoleucos) were the predominant 
cyprinid species counted through the fence at C a t m m  
Rrwk ( ~ 2 2 2 9  downstream). By 1991, their numbers 
had dropped significantly such that lake chuh (Couesius 
pluntbeus) and shiners were equally abundant (n-580). 
During 1992. shiner numbers continued to decline 
(11-210) wherws lake chuhnumbers i n c r m .  with >900 
chub entering Callmaran Brook (presumably to spawn) 
in early to mid-June before emigrating hack to the little 
Southwest Mirunichi River from lab June thmugh July 
(Figure 14c). Blacknose dace (Rhinichrhvs urrorrtlus). a 
common fish species throughout thc -1ver systcm 3s 
shown by the electrofishing surveys a below) shows 
little movemcnt between the Little Sol, vest M i m i c h i  
River and Carammn B w k  suggesting a more restricted 
home range and migntory pattern. 

I t  is difficult to explain the inter-annual differences in 
movement patterns of these spring/summer-spawning 
fishes. Water temper;!ture regimes were similar during 
the spring of all t h e  years. Discharge did, however. 
differ markedly in the spring of 1992. being atypically 
dry until the freshet at the end of June. Such conditions 
may have been conducive to an immigration pttern 
rather than emigration, which was the characteristic 
situation in 1990 and 1991 when river flows were 
higher. The marked decline in golden shiner abunhce 
in the lower rexhes of Catammn Brook might be 
explained by proximity to the Little Southwest 
M i m i c h i  River. In 1990. the fence was located al the 
mouth of Ule stream. Filamentous algae and 
macrophyles. ahundant in the main river but scarce in 
Catamaran Brook, are essential for spawning of golden 
shiners (Cooper 1935. in Scotl and Crossman 1973). 
Therefore, movement around h e  fence in 1990 may 
have been rehted to the proximity of suitable spawning 
hirhitat nearhy. a situation which did not occur in the 
two suhscqucnl years when the fence was situated 
farther upstream. 

Salmonid fishes are the f i t  f i h  observed in the fence 
traps e x h  spring wilh net movement in a downstream 
dirwtion. Of these. Atlantic salmon smolls arc the most 
numerous (Figure 15a-c) with the annual number of 
cmigranls nnging between 760 (1990) and 2131 (1992). 
Based on the ( n ~ i n g  efficiency rcsulu (Table 14) and 
assuming similar wpture efficiency in 1990 and 1991. 
the estimalcd number of smolu leaving Catamaran 
Brook c x h  y w  varies fmm 988 - 2430. Movemcnt of 

smolts is stimulated by a comhination of  suitahle water 
temperatures (>5@C daily average) and an i n c r w  in 
dischiuge. This was p3rlicularly evident in mid-May of 
1990, when falling water temperatures failed to stimulate 
smolt emigration despite rising water levels (Figure 15a). 
Similarly. in the relatively dry spnng of 1991. :I 
s~gnificant number of smolts were delayed in leaving 
Catamann Brook until the third week of June when 
discharge increased sufficiently (Figure 15c). The fate 
of these late smolts is unknown with regards to their 
ability to c(xnplea smoltification at so late 3 date wl~en 
surface wdcr tempenlures in the Mirunichi estwry 
were >I%. Peak movemenu generally coincided with 
mean daily water temperaturs of 9-IV'C and a 
discharge near lm3s". 

Smolts from C a l l m m  Brook have a modal age of 2-3, 
depending on the y w  (Tahle 15). For example. age-2 
smolts were numerically dominant in 1991 yet rare in 
1992. has4 on subsampling at the counting-fence. This 
pttern is typical for the Miramichi system (Randall and 
h i m  1982; Randall el al. 1987; Moore ct al. 1992). 
Mean fork length of smolts in Cat3mwm Brook was 
between I 1  and 14 cm with the larger smolts k i n g  
older. on avenge (Table 15). 

Si7c of smolts increased during the period of emigration 
in 1990 and 1992; no such increase was obvious in 1991 
(Figure 16). The large size and scale circuli of [he late- 
run smolls in 1992 (Figure 16) nirest lo the rapid growth 
of these fish while in the stv prior to emigration. 
Snorkeling ob~rvations foun. ;e fish to be feeding 
vomiously on invertebntt. young-of-the-year 
(YOY) fishes. including salmo~i ~ h i c h  typically emerge 
aner the smolt migration. TIIC "normal" timing of 
emergence seems, therefore, to be adaptive for YOY 
salmon by avoiding prcdalion by the.se older 
conspecifics. 

Coincident with, but extending longer than. the smolt 
out-migration. salmon p m  displayed a net movement 
downstream in e s h  of the three y w s  (Figure 17ac). 
Upsuean movement of p m  was also occurring. but to 
a lesser extent, wilh p k  upstream movement often 
coinciding with high water temperatures in JuneIJuly 
(Figure 173-c). This phenmenon, also ohserved for 
trout. wil l be discussed in more delail below. 

A secondary peak i n  parr movement @oth upsueam and 
downstream), during the autumn. was most ohvious in 
1990 and 1992 (Figure 173s). This movement WAS 

largely. but not exclusively. ~ w c i a t e d  with the adult 



spawning run. Indeed, many of the p m  were mature 
(precocious) malcs (Tahle 16). Apparently. some p m o f  
Little Southwest M i m i c h i  River origin contr~hutcd to 
the reproductive effort in Catamaran Brtmk as evidenced 
hy the upstream movement of precwious parr each yenr. 
It should be noted that the counLs of pan in the autumn 
are minimum estimates. High water discharge and leaf 
litter accumulation. typical during October, ohen 
necessitate the removal of every second conduit. This 
situation and the relatively small size of salmon p m  
reduce the trapping efficiency for this life-stage. 

Parr emigration has been noted previously, from other 
river systems (Buck and Youngson 1982: Chadwick and 
LCger 1986) including the M i m i c h i  (Saunders 1976). 
Thal the migration involves such significant numbers. 
both into and out of streams such as Catamam Brook. 
highlights the need to view riverine production of 
silmonid fishes as involving more than just smolt output. 

Adult At13ntic .salmon begin entering Catamaran Brook 
to spawn in late September with the m~jority of fish 
entering during October. often in response to an autumn 
freshet. Spawning takes phcc during late October and 
early November with redds having been identified from 
the river mouth to upstream of the Middle Reach 
depending on the year. water levels. and incidence of 
beaver dams. Grilse (1 sea-winter fish) are 2-3 times as 
abundant as MSW (multi-sea-winter) salmon in 
Catam'mn Brmk and are mainly males whereas MSW 
salmon arc predominantly female (Tahle 17). Post- 
spawned salmon (kelts) emigrate from Catamam Brook 
soon after spawning, presumably to overwinter in the 
main stems of the Minmichi system. in the deep pools. 
which are scarce in Catamaran Brook. For example, in 
1992. by the time of fence removal in mid-November. 
84% of the adults counted into the stream had already 
moved out of Camaran Brook after spawning. 

Brook trout (Figure 18). along with Atlantic salmon parr 
(Figurt 16). m among the first fwhes to move through 
the counting-fence in Catamaran Brook each spring. at 
daily water temperatures as low as 593. During 1990. 
upstream and downsueam movements of trout were of 
similar magnitude through May and June with another, 
lesser period of movcment in the autumn (Figure I&). 
However, in mid-July. a marked movement into 
C a m m n  Brook occurred. coincident with low watcr 
and high water tempemure. A similar peak in upstream 
movement was noted in mid-June of 1992 (Figure 18c) 
and, u, a lesser degree. in mid-July of 1991 (Figure 
18b). In general. brook trout show a net emigntion 

during May. a net immigration during June (some of 
appear to he sea-run &out). and a secondary period of 
movement during the autumn. mainly associated with 
spawning. Of all s p i e s  enumerated at tile counting- 
fence, brook trout an: the only species having a net 
movement ~ C : ~ t a m x a n  Brook. which was the c r w  in 
c x h  of the three years (Figure 18). 

Closer examination of the UpStreAm movement hy hrnnk 
trout during low water conditions suggests that the 
movement may be a response to high tcmperature stress. 
After 14 July. 1990. maximum water tcmperature in the 
Little Southwest Miramichi River measured 23'C and 
continued to increase for the next few days. w i n g  at 
>26T (Figure 19). During this period (approximately 6 
d) of very high water temperature. 139 brwk trout 
entered Catammi Brook despite the low water lcvels 
which genenlly inhihit fish movement. By comparison. 
only 71 trout entered the hrwk during the remainder of 
the month whcn watcr levels (and tempentures) were 
more favourable. We believe that the immigration was 
a response to high temperature stress and that the trout 
were using Brook as a thermal refuge with 
water temperatures being 2-3°C cooler ;md with more 
shade cover than in the Little Southwest Mirmichi 
River. 

Previous studies (Fry 1951: Cherry el al. 1977: Meisner 
1990) have shown that water temperatures of 24-25°C 
are avoided (or lethal) for b m k  trout. That this 
phenomenon of upstream movement was observed in 
1991, and again in 1992 during high watcr tcmperature 
conditions, pruvides further support for our theory. In 
addition to h m k  trout. salmon parr were sin~ilarly 
affected. During the high tcmperature perlnl in July of 
1990.178 salmon p m  entered the brook compared with 
only 50 parr during the other 25 days of the month 
(Figurc 19). These results underline the importance of 
small strems and seeps as arm of tempomy refuge 
from environmental stresson such as high water 
tempfrature. 

5.2 Fish Density and Distribution Within Catamardn 
Brook 
Electrofishing surveys are carried w t  using a Smith- 
Root Type X I  backpack electrofisher (500~. 60 pulses,s. 
') in 24 study sites (habitat-types) each summer. in mid- 
July, when water levels are genenlly low. Pool sites (6) 
are excluded and arc censused by snorkeling 
obsewations. In late autumn (November), electrofishing 
is repeated at the same study sites as in summer, with 
the exception of the Gorge Reach sites (8). These sites 



were nor electrofished in 1990-92 due to time 
constraints, high flows. and freezing conditions. In the 
autumn of 1002. both p w l  habitats in the Middle Reach 
wcre elccuofished for the first time. All surveys 
involved 3-4 passcs. genenlly using 2 barrier nets (in 
some cases in the autumn. only a lower barrier net was 
used). All captured fish were removed during a sweep 
and retained in a live-box until all sweeps wcre 
completed. Fish were then anesthetized, weighed. 
measured. and sexed phenotypically (if possible): after 
full recovery . fish were returned to the site. A r u l  
dimensions of the site and water temperature were also 
muskired. 

Calculated fish densities (all spp. combined) varied 
markedly over time (season and year) and space 
(between habitat-types and s w a m  reaches). Appendix 
I1 shows the results of all elecuofishing surveys from 
1990-1992. In genenl. highest densities were recorded 
during the summer: in July. 1991.4 sites (3 runs and I 
riffle) had densities > 3.2 fish.ml. Lowest densities are 
consistently measured in the Upper Rexh ,  varying 
between 0.15 and 1.1 fish.ml. 

lnter-seasonal comparisons of total fish density among 
the habiwt-types (Figure 203-c) show that runs and 
riffles were more important to fish in the summer than 
the autumn whereas fla& were better usedin the autumn. 
The autumnal use of flats was more ohvious in the 
Middle R u c h  which we attribute to the deeper, slower 
nature of these flats compared with chose in the Lower 
Rcxh.  If overwintering fishes prefer habitats where 
energy expenditure would be minimized (e.g. Bustard 
and N m e r  lY75: Cunjak and Power 19ffi). then deep 
flats and pools would provide such conditions. In 
conhat,  the shallow. fast flow environment of a riffle 
may he less preferable for overwintering 3s suggested by 
the low densities of f i h  measured in riffles in November 
of e x h  year (Figure 20). The microhnbiwt 
heterogeneity which is chancteristic of runs may explnin 
the high densities in this habitat-type relative to others, 
within any season or m c h  (Figure 20). 

The exmcmely high densities measured in the summer of 
1991 had virtually d i a p p w e d  by the autumn when fish 
densities declined to values similar to other years (Figure 
20). The only explanation offered for the observed 
reduction is the high discharge realized during August of 
199 1. assmiated with Hurricane Bob (Figure 7c). This 
sudden storm and subsequent flooding were higher than 
experienced during 1990 or 1992 and may have reduced 
stream populations of fishes directly by injury, or hy 

displacement from the brook. Elwood and Waters 
(1969), Hoopes (1975). and Erman et al. (1988) hwe 
also documented the reduction in swam fish populations 
due to flood events. - 

Densities of different age-classes of juvenile Atlantic 
salmon between 1990 and 1992 showed that YOY 
salmon were absent in the Upper R e x h  sites except in 
the autumn of I991 (Figures 21 and 22) when 4 YOY 
were captured at 2 sites. That no fry were found here in 
the summer of 1991 (Figure 21) suggests that these fry 
moved here fate in the season from downstram in 
Catamvan Brook where spawning occurred in the 
autumn of 1990. The occurrence of salmon pan ( I+  and 
older) in the Upper Reach in all 3 years (Figures 21.22) 
supporn the theory that larger (older) juvenile salmon 
will move upstream to colonize areas not accessed by 
ndull spawners. Similar results have been noted for 
Newfoundland streams (RJ. Gibson. D.F.O., St. John's. 
Nfld.. pers. comm.). The scarcity of YOY d m o n  in the 
Middle Reach in 1990 (Figures 21 and 22) was likely 
the result of mainstem heaver dams found between the 
Middle and Gorge Reaches in the autumn of 1989 
(Cunjak et al. 1990) which may have precluded access 
hy spawning .salmon. 

YOY densities were very high during the summcr of 
199 1 (Figure 21) with > 2.3 fry.m'recorded fmm some 
sites in the Gorge and Lower Reaches. However. hy the 
autumn, the dominance of I991 YOY had declined 
markedly, pmiculxly in the Lower R e x h  (Figure 22). 
This may be a consequence of the mid-summer f l ad ing  
associated with Hurricane Bob. as discussed above. 
Inter-seasonal comparisons of YOY densities show that 
riffles decline in use from summer to autumn when flats 
and runs are relatively more important (Figures 21 and 
22). 

The lack of smwning ;ibove the Gorge Reach in I989 
was evident in the low densities of I+ salmon pm in the 
Middle Reach in 1991 (Figures 21 and 22) and of 2+ 
p m  in the summer of 1992 (Figure 21). What is more 
difficult to explain is the summer scarcity of 2+ parr in 
1992 in the Gorge and Lower Reach sites which were 
below the beaver dam barrier in 1989 and where I+ - 
densities were avenge (or better) in the previous autumn 
(1991). That winter mortality would explain the decline 
seems unlikely as I+ pan and age-3 smolLq (which 
presumably would have been similarly affected) were 
abundant in the summer and spring of 1992, respectively 
(Figures 15 and 21). Emigration as smalls in the spring 
of 1YY2 also does not explain the summer scarcity of 



this cohort as very few age-2 smolts were identified 
(Tahle IS). 

Of fuliher interest is the apparent Increase in density of 
?+ p m  in the autumn of 1992 (Figure 22). The most 
likely explanation is that these were immigrant, mainly 
precocious. male parr froni the Liulc Southwest 
Miramichi Rivcr which entered the river a. ppart of the 
spawning run into Catamaran Brook (!xe Figure 17c). 
Large numbcrs of precocious p m  were moving through 
the fence in Oc tokr  and Novemher of 1992. more than 
the previous 2 years (Table 16). Examination of p m  
captured during elccuofishing also showed a high 
incidence of precocious males among 2+ p m  in 1992 
(Tahle 18). Many of these immigmt parr. however. 
were immature. Their occurrence (specifically their 
diurnal activity at low water tempentures) w&? puzzling 
(see Rimmer el al. 1983: Cunjak 1988) although many 
were found to have distended stomachs full of wlmon 
eggs. It is tempting to speculate that such 3 f m d  
resource (i.e. eggs) might be the stimulu? for movement 
into the hrook for some of thc parr. 

Electrofishing in July after emergence of fry, and again 
in Novemher at the end of the growing season. permits 
an assessment of growth rates and of size-at-age 
comparisons betwen yean and stream reaches. F w  
example, mean size attained hy YOY salmon in 
November was consistently greater in 1990 compclrcd 
with suhsequent y m .  for hoth Lower and Middle 
Reaches (Figure 23). Water tempentures during the 
growing seaon in 1990 indicated fewer extreme high 
tempentures than in 1991 and a thermal environmcnl 
more more favourable for growth compared with the 
cool conditions experienced in 1992. These conditions 
may have created a longer growing season in 1990 
which resulted in larger mean sizu for YOY mlmon 
about to experience their first winter as free-swimming 
fishes. The importance of size for winter s u ~ v a l  h s  
k e n  documented for a variety of fish species including 
mlmonids (Mason 1976: Toneys and Coble 1979: Post 
;md Evans 1989) and is especially critical for YOY 
salmon (L.iMiroth 1965). 

A comparison between stream reaches suggests that the 
Middle Reach provided more favounble growing 
conditions than the Lower Reach. for YOY and I t  
salmon (Figure 23). In 5 of 6 cases, mean size-at-age in 
November was grealer in the Middle Reach: the only 
cxceplion was for I+ salmon in 1990 which may reflect 
the markedly higher summer densities of I+ salmon in 

the Middle Reach compared with the Lower Reach that 
year (Figure 21b). Similarly. a lack of density- 
dependent effccts may explain the large mean s h e  (5.8 
cm FL) attained by YOY salmon in the Middle Reach in 
1990 (Figure 23). a consequence of the b v e r  d3m 
downsvem which precluded spawning in the Middle 
Reach the previous autumn (see ahove). Also. the 
Middle Reach is characterized by groundwater discharge 
zones. more sn than the Lower Reach (unpuhl. data). 
T h w  conditions tend to modente thc thermal regime 
(Meisner 19YO) and generally improve growing 
conditions (Hunt 1969: Edwards ct al. 1979). 

Appendix I11 provides a tahle summarizing the mean 
sizes attained at the end of the growing season by ench 
age-class of Atlantic wlmon. by stream reach and year. 
Age-class separation was determined after examination 
of length-frequency distrihutions. It will he noted that. 
in 1991, the lxgcst mean sire of YOY was measured in 
the Upper R e x h  (6.1 cm FL. n=9). As there is no 
spt~wning in the immediate area (note ahsence of 
summer densities of YOY each year - Figure 21). we 
believe that this finding is an artifact of upstream 
colonization by larger members ofthe cohort rather than 
a reflection of optimal growing conditions in the reach. 

5.3 Snnrkeling Observatinns 
Monthly snorkeling ohservations began in I091 (July. 
September. and November). in the pool hahiuLs, to 
supplement the electrofuhing surveys for censusing fish 
abundance and distribution in C a m a r a n  Brwk. 
Generally. pool habitats are ton deep to cffcctively 
elecuofish (>l.Sm). In 1992. the frequency and duration 
of observations were increased (monthly from May - 
November) to provide a more seasonal assessment of 
abundance and distribution. This pmlwol will he 
followed each y w  in the future. In addition to 
quantifying abundance. fish behwinur (specifically 
position choice and agonistic intcnctions) wcrc noted 
during the underwater ohservations. 

Preliminary results of ohsewations made during 1991 
and I992 are summarized in Tahle 19. During the M a y  
& June, I992 dives. when water tempentures 59°C. few 
fish were secn actively swimming or positioned 
the stream substrate during the day in the pmls. or 
elsewhere. Gibson (1978). Rimmer ct 31. (1983). Cunjtik 
(1988). and Cunjak and Power (1986a.b) have noted the 
same for Allantic salmon and cyprinids. The exception 
to this was salmon smolts which were abundant and 
active, often in aggregations. in pools and runs in the 
Lower Rach .  



During July and August, salmon fry and parr were 
abu~~dant in pools in all three reaches but especially in 
the Middle m d  Lower Rexh  pools (Table 19). Salmon 
and dace were most common in the Lower and Gorge 
Reach pools whereas brook trout were also common in 
the Middle Rwch pools. Groundwater discharge is most 
prevalent in the Middle R e x h  (unpuhl. data) m d  is 
r)ften associated with preferred brook trout hdhitat 
(Cunjak and Power 1 9 8 6 ~  Hunt 1969). It should be 
noted that the counts given in Table 19 are 
underestimates of x tual  population size in the pools. In 
1903. elecuofishing surveys will follow snorkeling 
surveys in the 2 Middle Reach pools. in July. to 
compare the two counts, similar to the method employed 
by Cunjak et al. (1988). 

By September. f i h  abundance had generally declined in 
all pools relative to July and August (Table 19). By 
October, when spawning adult salmon were common in 
the Lower Rwch. signilicant numbers of salmon fry and 
pan were still s e n  .actively swimming or holding 
statiomry positions at water tempenlures of 34°C 
(Table 19). Typically, salmon p m  arc as.umed to be 
photonegative and occupy p i t i o n s  beneath stones 31 
these low water tempcntures (Cun)ak 1988; Rimmer and 
Paim 1990). As noted in Section 4.2. many precocious 
p m  were active at this time m d  could account for some 
of the parr observed underwater. However, immature 
p m  and fry nquire mother explanation. Some were 
found to be feeding on .salmon eggs at this time (see 
Section 5.2). Perhaps, the typical winter behwiour 
pattern is delayed for some juvenile salmon attempting 
to mke advantage of this high energy food reswrce. By 
Novemher. at near-freezing water temperatures and 
following spawning, no fish other than salmon kelts 
werc seen underwaler, 

In 1992, microhabitat measurements assniatcd with f ~ s h  
positions were made during monthly snorkeling 
observations in each of four habitat-types in the Lower 
Reach (i.e. riffle, tun, flat. pool). This pnctice will 
continue in 1993 and in 1994. The pulpose of this 
exercise is to develop h b i w  suitability c w e s  (as per 
Bovec 1982) specific for Catamaran Brook fishes. Nxl 
life-stages. lor use in refi ing Weighted Usable Area 
(WUA) estimates within the PHABSlM mtdel (see 
Section 3). 

5.4 Fish Census or the Pods 
In 1992. baited minnow-tnps (4 per site) were set in 
each of 6 study pools in the Middle, Gorge. m d  Lower 
Reaches of Catamaran Brook. Tnps  were set for 2-3d 

duration at approximately monthly intervals between 
1ate.May and September. All fish species captured from 
May - July were given finclips unique for the particular 
study site. In addition. fish were identified and - 
measured (FL) before release. The objective of the 
study was to quantify fish populations in the pool 
habitats for comparison with the snorkeling observations 
(see Section 5.3). 

In total. 33.3 fish were captured in the minnow-uaps 
during the 1992 study, of which 99% were represented 
by 4 species - Atlantic salmon. b m k  trout. blacknose 
dace. and lake chub. M e  chub were most numemus 
although they were absent from the Middle R e x h  pools 
(Tahle 20) which suggests that the heaver dams between 
the Gorge and Middle Reaches x t  3s a barrier to 
upstream movement by this species. The abundance of 
chub in the pools is in marked contnst to the snorkeling 
results whereins lakc  chub were ohserved during 1992. 
or 1991. That lake chub were nocturnally :~ t ive .  or at 
least crepuscular. could serve as explanation. although 
the literature suggesrs otherwise (Kavaliers 1981: 
Kavalicrs and Ross 1081). Possibly. the presence of 
potential compclitors a d o r  predators has led to the 
adoption of a facultatively nocturnal activity pattern. 
This phenomenon certainly warrants further 
investigation. 

Atlantic salmon m d  blacknose dace werc present in all 
three stream reshes  whereas brook tmut most common 
in the Middle Reach pools (Table 20). The distribution 
of these other fish species conrimed the findings from 
the snorkeling ob%rvations. As noted above, the Middle 
Reach is w u  to groundwater discharge: this factor m d  
the greater moun t  of instrem cover, especially wtxdy 
debris, in the Middle Rwch pools may produce preferred 
habitat ftx brook trout in CaWmluan Brook. 

Preliminxy examination of the frequency of recaptures 
for the different species between May m d  h te  August 
indicates that lake chub had greatest fidelity for the 
pools they occupied: 22 of 73 chub marked were 
subsequently recaptured (30% fidelity), in the same pool. 
or in the replicate pool of the same rexh.  Blacknose 
dace were more mobile showing the least fidelity for the 
p l s  within which they were marked: only 1 recaplure 
of the 44 marked (2% fidelity). Fidelity of salmon and 
of tluut werc also low. ac 11% and 7%. respectively. 

55  Wwdy Debris 
C o m e  Woody Debris (CWD) k an impomnt 
component of. stream ecosystems (Bilhy m d  Ward 



1989) and (Robison and Beschta 1990). I t  Can effect 
streim morphology by changing or stabilizing s t r m  
structure. Through retention of organic m d  inorganic 
pilniculate matter CWD contrihules to ovenll strum 
productivity. Accumulations o f  CWD createboth micro- 
and macro-hahit;~ts :md provide cover for m w y  fish 
species as well m creating impediments to fish 
movements. 

To assess possihle changes in  the quantity and quality of 
CWD due to timber harvest, annual CWD surveys 
throughout the four different reaches of C a m a r m  
Rrook were carried out (Figure 2). A l l  d e b s  items. (> 
10 cm diameter and > 2 m in length) are measured for 
ovenll length, butt dklmeter, mid diameter. and length 
in water: stream widUi is measured at each item location: 
and. the orientation. species m d  origin of each debris 
ilem determined. Log jams. debris dams. and beaver 
dams are identified and the surface m of these 
structures are calculated. Beginning in 1992. 
representative items were tagged using numbered plastic 
tags to track these items over time. 

From surveys conducted in  1990-1992. (Table 21) i t  was 
observed that the Upper Reach had a greater number of 
items per length o f  stream surveyed, and 3 smaller 
volume per item. comparcd with reaches downstrcm. 
Similar vends wen: noted in other streams (Robison and 
Beschta 1990; Bilby and Ward 1989). Riffle habitats 
contained a greater number of items than did runs. even 
though runs arc the most common hahimt type in 
C a t a m m  Brook (Table 2). CWD jams were often 
associated with pools (Table 21). Balsam Fir (Abres 
hnlsomea), wlls the predominant species observed in  the 
hrnok. with Eastern White Ccdu (Thuja occidenralis). 
and Sugar Maple (Acer soccharum), close seconds in 
some mas. Most debris items occurred as blowdowns 
or deadfalls. 

5.6 Sedimentation 
One of the presumed effects to stream habitats. as a 
result of poor fon:stry practices, is increased erosion and 
loadings of fine sediments of terreslrid origin. To 
monitor such incrcses, we began. in  the autumn of 
1991. to mesure sedimentation ntes in various hahitat- 
types during Phase I of the project. Whitlock-Vibert 
plastic boxes were planted in the stream substrate, in 
triplicate, in  all s t r m  reaches according to the 
technique described by Weschc et d. (1989). A total of 
12 habitat-types were chosen for the initial set in  late 
August. 1991. The h x e s  were removed in  early June. 

1992 ( i t .  9.5 mo. duration), w d  the ;iccumulatcd 
sediments placed in  m p l e  bags for suhsequcnt drying. 
weighing. and sieving in  the lahontory. Boxes were 
replaced in the stream or. in the caw where boxes had 
been displaced hy f l w d  events. new boxes were set in 
p lxe .  

Movement and subsequent settling of the largest particle 
sizes (>I-2mm diameter) wa. most common in those 
habitat-types and ruches where gndient, and hence the 
ability to enrnin a particle o f  given sire (similar to 
criricnl rrocrive force. Morisiwa 1968). were highest. 
This included the riffle habitats and thc Gorge Rmch 
(Table 22). The similarly high accumulation of large 
panicle sizes in the Upper Re'xh run was smewh:~t 
surprising for this relatively small stream channel but 
probably reflects the high gradient of thcOutflow h m r h  
- as high ;rc the Gorge Reach (see profile. Figurc 3). 
The fines were expected to accumulate in the more 
deixnition:ll hahitit-types m d  reaches which was 
genecllly found to be the case. Silts (< 0.125 mm 0 ) 
were mostly found in the flat and p o l  habitats o f  the 
low gndient Lower Reach (Tahle 22). 

This collection and monitoring wil l  contitiue for the 
remainder of Phase I with one exception. Boxes wi l l  
now be collected twice per year and the duntion of 
accumulation reduced to 5-7 mo. from 10-1 1 mo. In 
genenl, sedimentation wi l l  be measured for the pcrind 
Novemher - April and May - October. 

5.7 Reaver Activity I lmpacts 
The modification of sueam ecosystems hy beaver has 
been well documented (e.g. Naiman et 31. 19116; Smith 
et 31. 1991). particularly as i t  applies to invertebnte 
production and nuuient cycling in  the stream above and 
below beaver dams. In  recent years, with declining fur 
prices :md consequent declines in  trapping, beaver 
numbers have incremd markedly in  many streams 
including C a m a m  Brook (see Figurc 2, Cunjak et al. 
1990). Stdl to be determined. is the impact of beaver 
activity on fish hahitat m d  production. Stock and 
Schlosser (1991) noted the short-term negative i m p a s  
to a warmwater stream fsh  community from the collapse 
of a beaver dam. and Leidholtbruner el al. (1992) noted 
the effect of beaver dams on distribution of juvenile 
coho salmon. In C a m m  Brook, our studies have 
focussed on (I) the change. in the physical and chemical 
p m e t e r s  of the sueam near to the heaver & I :  (2) the 
loss of fish-producing / rearing hahitat above dams 
where spawners an: denied access: and. (1) the 



ecological consequences (e.g growth. competition) of 
increased fish density below. and decreased density 
a h v e ,  dams for different cohorts of stream fishes. 

One of the fust studies undertaken was an investigation 
of the sediments behind he.?ver dams and the possibility 
of accumulation of contaminante. The objective was to 
test for the existence and, if present. to measure the 
concentration of contaminants such as the insecticide. 
fenitn~thion. and its more toxic predecessor. DDT. Both 
insecticides were sprdyed for many years over much of 
New B ~ n s w i c k ' s  forests as a means of controlling the 
spruce budwonn. We hypothesized that, as sedimenLr 
accumulate for many years hehind beaver dams (even 
after beaver colonies h3xl emignlcd). conwminants in the 
environment could also accumulate, and persist. in these 
'sinks'. During the summer of 1991, sediment core 
samples were taken from 3 lowtions: (i) in the bewer 
pond imn~ediately above an old (>20y). ahandoned dam 
just upstream of the Upper Reach; (ii) in a more recent 
(ilpprox. 10y old) heaver pond in the lower end of 
Tributary One (near the Middle Reach); and. (iii) in a 
"control" site from the mainstem of C a m r m  Brook. 
in the Lower Reach. 

No traces of polychlorinated biphenyls (PCB's) or of 
organochlorines were dclccted in the samples; nor was 
there m y  evidence of fenitrothion. or its derivatives in 
the C a t a m m  Brook samples. However. DDT and its 
derivatives were detected, mainly in the b v e r  pond 
sediments: only minute traces were found in the 
mainstem sediments (Table 23). That the concentntion 
of breakdown products (i.e. DDD and DDE) was higher 
than the parent compound signals t h a  DDT wxc past its 
half-life. Highest concenaations were found in the 
Upper Reach beaver pond. the oldest pond. This pond 
was probably active prior to the ban placed on the use 
of DDT in the mid-70's and may explain the high 
concenuations. DDT and its bmkdown pmducts were 
most often found in the upper saala (within 10 cm of 
subsuate surface) of the sediment cores (Table 23). This 
may reflect the persistence of these chemicals in the 
vegetation of the catchment, such as in balum fr 
needles (Ayer et al. 1984) subsequently lexhed and 
washed into the stream over many years. 

A second study of the effects of beaver activity in 
C a m m  B ~ o k  focussed on changes in water 
chemistry. Deoxygwation of water behind beaver dams 
has been reported. especially during winter, under an ice 
cover. wl~en atmospheric aention is precluded but 
microbial (anaerobic) decomposition continues in the 

organically rich sedimentc. T o  investigate this 
possihilily in Catamaran Brook, dissolved oxygen and 
othcr chemical pmrneters were measured weekly in 
proximity to heaver dams (near the confluence of 
Trihutary One and the main stream) during the winter of 
199 1/92 (Nov.-Apr.). 

Anoxic conditions were not found in the k a v e r  pond 
waters of the mainstem cx in T n b u w  One (Figure 24). 
Dissolved oxygen declined soon after formation of an 
ice covcr (week 2) and the depression wns must 
pronounced in the "Old Pond" site of Tributary One 
(Figure 24). However, the lowest recorded oxygen 
conccnuation was still >80% saturation and. hence. 
would not be a limiting fx to r  for overwintering fishes. 
including salmonids. in these impounded areas. 
Similarly, othcr measured chemical panmelcrs indicated 
no detrimental effects of the k l v e r  dams. in thi? regard. 
Indeed. the impoundment and incrwsed water volume 
may increase habitat s p c e  and availnbility over winter. 
For so shallow a strcam such as  C a ~ m m  Brook. ice 
thicknev can excecd 80 cm and is often in conocl with 
the stream substntc. 

The effects of beaver dams as baniers to fish movement. 
specifically spawning adult salmon, and the subsequent 
changes in juvenile densities have already heen 
discussed (Section 5.2). In the autumn of 1992. another 
mainstem dam was built immediately above the Lower 
Reach sites. This dam served as an effective barrier to 
upstream movement hy spawning adults until a flood 
event in late October overtopped the dam and permitted 
some adults to move farther upstream. The effects of 
this dam will continue to bc monitored. 

Much of the concern over beaver dams ac harriers to 
movement is focussed on the upstreurn movement of 
fish. However, smolt. must also overcome these 
obstacles during their i/owns/reurn migntion in the 
spring. During the spring of 1992. we investigated the 
ahility of salmon smolts to get by heaver dams by 
uniquely marking smolts from above a below heaver 
dams and subsequently identifying the frequency of 
reupturcs at the counting fence. Using fyke-neu set at 
night. smolts were captured, marked and re lwcd  in (i) 
the Middle Reach which was above 2 mainstem beaver 
h s .  and in (ii) the Gorge Reach (below any h s ) .  
Despite below-avenge spring flows. the beaver dams did 
not appear to affect dowwueam movement of salmon - 
smelts (Table 24). This experiment will be continued in 
1993. 



5.8 Stream Invertebrates 
Aquatic invertebrates play a key role in the cycling of 
energy and nutrients through a stream. Consumers 
affect nutrient cycling by transporting nutrients from one 
pan of an ecosystem to another, by tran.forming or 
mcdifying nutrient material. and hy storing nutrients in 
consumer standing crop (Memtt et al. 1984). Aquatic 
insect.. prmess nutrienls hy direct feeding, hioturhation, 
uptake and excretion of phosphorus and nitrogen. :uxl 
filtrdtion of material tiom the water column. The 
cycling and retention o f  nutrients varies both with stream 
type. m d  along the length of a stream. In  1980. the 
"River Continuum Concept" was proposed by Vannote 
et al. (1980) a. a framework for describing these 
changes. Genenlly, heltdwater arm. are dominated by 
invertehmtes that feed on large p;lrticles (shredding 
invenchrates or collectors feeding on Coarse Particulate 
Organic Matter. or CPOM) that enter the stram from 
the adjoining watershed. lnvertebntes feeding on these 
panicles, coupled with physical abrasion processes. 
cause a reduction in  particle size as material moves 
down the stream. In  addition. with increxqing strum 
width. riparian processes become less important. 
Therefore. particle size decreases a strum order 
increxws. and invertebrates hecome more b~wi:llized for 
ciipture and assimilation of smaller particles. As a 
general rule. then. Vmnote et al. (1980) suggest that 
Shredders arc usually co-dominant with Collectors in 
headwater streams. with hoth groups feeding on CPOM. 
Collectnrs. pmicularly those specializing on FPOM 
(Fine Particulate Organic Matter) become more ahundant 
x. stream size increases, and the food web becomes 
more dependent upon "leakage" of food resowces from 
upstream. The proportion of invenebntes that are 
Scnpen (herbivores, feeding on attached algae) should 
increase with increasing stream width, as riparian 
shading becomes less important. and more sunlight is 
allowed to enter the system. hulators remain fairly 
constant throughout the system (Vannote er al. 1980). 
Trihuories can modify this pattern (Minshall et A. 
1983). and unstahle or high gradient rivers also show 
some differences, particularly with respect to the 
proportion of large panicle shredders. 

1nvestig;uion of the invertehnte community in 
C a t a m m  Brook began in 1990, to characterize the 
community and trophic pathways in the brook. 
background to investigating potential logging impcts on 
the upper Vophic levels. QualiWive invenebnte 
samples were collected using kick samples from three 
habitat types (riffle, run, and flat) in the four study 
reaches in July. August, and October 19%. and every 

three to four weeks in four hahint types (riffle, run. flat. 
and pool) from May to Decemher during 1991 and 1992. 
In  1992. ,artificial suhsuate samplers (wire baskets 
cont:~ining in srru suhslrate materials) o f  known volume 
were placed in  the riffle sites i n  e x h  r e x h  to ohtain a 
.semi-qlwntiti~tive sample for comparison between sites 
and sample dates. Also in 1992. emergence traps were 
place in several sites to monitor emergence phenologies 
and ohwin adults specimens for confirmation of 
identificc~tions. Only the 1990 samples have been 
completely processed: samples from 1991 are sorted hut 
not identified. and those from 1992 are currently k i n g  
sorted. 
Samples were collected from Riffle. Run. Flat. and Pool 
habitats within each r e x h  using a D-ring kick net (Net 
mesh SOOpm in  1990. 2Wpm for subsequent sampling 
periods). In the hahitals with current, the substrate was 
disturbed immediately upstream of the net. allowing the 
cunenr to sweep displaced invertehmtes into the net. 
Five kicks were wken in this matter across the stream. 
In  the pool  are:^ the net was used to disturb the 

sediment in three area. fn)m the s t r m  hank to the 
centre of the pool, then the net was swept hack and forth 
through the disturbed m a  until the water cleared. 
Samples were collected July 30D1. August 2V29. ad 
Octoher 2XMovember 3 1990. and every 3 - 4 weeks 
from the beginning of May to early December in 1991 
and 1992. Samples were preserved in  the field in lo'& 
Formalin. and returned to the lab for sorting and 
identification. 

The majority of the invenehntes collected from 
Cdwmann Brook in 1990 were aquatic insects. and 
included representatives from all aquatic insect groups 
(Tahle 25). Excluding the Chironomictie. X I  genera in 
43 aqudtic insect f:imiIies were found in the creek. The 
greatest diversity was found in  the Ephemernpten and 
the Trichopten, with 23 genen in 8 families and I9 
gcnen in 12 families, respectively (Table 25). 
Ephemeropten were also ni~merically dominant in  all 
samples. comprising approximately half of the 
invertebntes found in &?ch reach (Figure 25). Note. 
however. ba t  samples in 1990 were collected only from 
flowing water sites using a very large mesh net, which 
would underestimate the presence of smaller taxa and 
those resticted to pool hahitau. 

The highest rob1 taxa richnes. (311 sites comhined) was 
found in the lower reach. although the highest slte- 
specific richness was fnund in the upper rearh sites 
(Table 26). Within the renches, there was a genenl 



uend for higher Wxa richness in the areas of modentc 
current. classified as runs, than in slower current (flats) 
or rapid current (riffles). Mean numbers of invertebrates 
per kick werc highest in the Middle Reach, particularly 
in the riffle and run, and within rcxhcs. was generally 
highest in the fast w:rter sites (Table 26). There was no 
seaonal pattern in taxa richness, although mean 
numhers found per kick sample were generally higher in 
Octoher than in the summer. 

Non-msect invertebrates collected from C a m m  
Brook in 1990 included Oligochaete worms (Annclida). 
Turbellarian flatworms (Phtyhelminthes). Mites 
(Arachnldq Hydracarina). and Amphipods (Crustacea). 
With the exception of the Oligochxtes which werc 
common in the middle and lower rexhcs, the non-insect 
invertehntes were generally m e  (Table 25). 

Invertebrates were separated into feeding groups based 
upon the~r mechanism of feeding. There was a trend f w  
Collectws (Collcctorl~atherers and Colleclorlfiltcrer 
categories combined) to have their greatest abundance in 
[he Middle reach. then decline with increasing stream 
size to the lower reach (Figure 26). Herbivores in the 
Scraper category increased in relative abundance with 
increasing stream size, although they Ion reached their 
highest ahunhce in thc Middle reach. Shredders did 
not make up more than 6% of the benthos in any reach. 
but were most abundant in the Upper reach. Prcd3tors 
declincd slightly with increasing stream size, but 
generally made up 115 to 114 of the benthos at all sites. 

Species richness has been demonsmted to change with 
strum size and season in a number of mid-latitude 
temperate s~eams (Minshall et al. 1985). There arc 
generally more taxa in mid-order stream sites compared 
to headwaters or higher order streams. and richness was 
reponed to be highest in summer in  low-order streams 
and in autumn in larger slreams. These patlerns were 
not noted in C a m a m  Brook, however. The highest 
sitc.specific taxa richness was found in the upper reach 
sites, and no seasonal pattern was nnMed in any site. 
However, when sites were pooled. there was a tendency 
for taxa richness to increase with increasing swam size. 
presumably because of the availability of more habitat 
types. 

Taxa richness in Cawmaran Brook appears to fall within 
the nngc of that generally reponed for mid-lattitude 
streams. using the same level of identification as the 
current study (genus for most. but higher monomic 
level for some groups). The cord o f  40.44 &a in the 

upper reaches and 31-40 m a  in the downsuwm sites 
represents the combined total for three sampling periods. 
and actual numbers of taxa found in a given site on a 
given sample day nnged from 14-28. :md showed no 
pancm with sueam sik. Minshall et al. (1985) and 
Stout and Vandermcer (1975) reported finding 15 to 49 
taxa in study streams ranging from 35' to 45' north 
latitude. with the higher numbers generally found In the 
mid-sized streams. However. the 1990 Catimam 
samples were collected using a relatively large net mesh. 
and it is likely that small specimens were overlooked. 
leading to underestimates in estimates of m a n  number 
per kick sample and in Wxa richness. 

The trophic pattern of the invertebrates in h e  brook did 
not conform to the predictions of the River Continuum 
Concept (Vannote el al. 1980). particularly with rcspwt 
to the Shredder group. Shredders were expected to co- 
dominate with Collectors in the upper reaches, but were 
not common in any site. and predators declined in 
imporlance with increasing sueam size, rather than 
remaining constant as predicted. The Scraper group 
showed the predicted pattcm of  an incruse with 
increasing stream size. but in the headwater 7.one (Upper 
Reach), m d e  up a much greater proponion of the 
benthos than expected given the amount of shading on 
the stream by ripxian vegelarion. 

Thest data have a numher of implications for the future 
evaluation of timber hmesting impacts on the lower 
trophic levels of the strcam. This preliminary study 
indicates that benthic faunal diversity 1s similar and 
relatively high (for small strums) in all sites. and that 
invertebrate abundance is also similar in most sites. 
Therefore. comparison of forestry impact.. on 
invertebrate diversity and abundance in the different 
reaches should be valid. Analysis of the nophic patterns 
within the brook suggests that the hehivore (Scnper) 
component is important along the entire length of the 
brook. rather than just in the wider stream actions, as 
predicted by the River Continuum Concept (RCC). 
According to the RCC, deforestation should cause a 
local shift in the physical stream environment 
downstream: i.e.. the stream temperatures should ria. 
sediment-load increase. CPOM and shredder 
invertebrates decline, and the trvphic pattern shift wward 
autotrophy (Vannote el al. 1980. Webster et al. 1990. 
G m a n  and Moring 1991). Since shredders appear to 
be relatively unimpor(ant in Catamann Brook. mi 
autotrophic processes are already important throughout 
the stream, i t  is difficult to predict what son of shift 
might occur following timber hmest. I t  is likely that 



shredders wil l  r em in  relatively unaffected. and the 
proportions of collectors and herbivores (scrapers) may 
depend upon the effect o f  scdimenution on the amount 
of sunlight reaching the stream hottom. 

Future investigation o f  the invertebntes in the brook wi l l  
include monitoring of the benthic populations in all four 
reaches to confum trophic patterns and to determine 
yc;u-to-yw variability in abundance and species 
composition. In  addition, the effects of natural 
disturbance (e.g. floods) on abundance, diversity. and 
life histories wi l l  be evaluated as a hasis for future 
comparison with logging disturbances. 

6.0 ADDITIONAI. RESEARCH 
AT  CATAMARAN BROOK 

The project h ~ s ,  in a few years, already :~ttr:lcted 
numerous reswch studies, i n  addition to thnse dersrihed 
above. Following x e  hrief summaries of the gradu:lte 
projects and collaborative effons completed. and 
ongoing. Together, they promi.% a better understanding 
o f  the complexities inherent to dninage basin processes 
and. therefore. the potential of quantifying environmental 
effects on sueam biota. 

6.1 Graduate Studies 
As of Januiuy 1993, 3 M.Sc. (Biology) and 3 M.A.Sc. 
(Hydmlogy) projects have been initiated at Catnmanln 
Brook. 

Influence of narural environmenral srressors on shorr- 
rerm xrowrh (S. Amdt. Dept. o f  Biology. University of 
New B~nswick ) .  Flood events and high water 
tempenlures 3se common in salmon rivers of exstern 
Canada. However. the frequency o f  occurrence often 
increases after deforestation by timber harvest or fire. 
In the short growing season o f  eartern Canadian rivers. 
m y  factors which reduce growth rate could affect winter 
survival o f  younger fish (due to a decrease in size and 
energy resewcs) and production (by incrwsing the 
number of years to r e x h  smolting she). 

The primary ohjective o f  this project is to determine if, 
and to what extent. natural environmentid suessors such 
as flood events and periods of high water temperatun: 
influence the short-term growth rates of juvenile AtL~ntic 
salmon and blacknose dace. A second ohjective is to 
investigate whether a change in growth is caused by a 
decrease in  feeding, or by another physiological 

mechanism which diverts energy for uses other than 
growth. 

During the growing sexwn of 1992. field collections of 
fish were made in sets o f  three sample days. Each set 
is used to monitor one period of relatively co~lsunt 
conditions (control). or one environmental suessor event. 
Two re:rches of Catamaran Brook (Gorge and [.ewer) 
and one in the Little Southwest Mirdmichi River were 
chosen for study sites. Changes in growth ntes are 
determined using tissue analyses of muscle RNA and 
DNA concenuations. This method reflect.. ntes of 
protein synthesis. and has proven to be a useful index of 
short-term responses in  fish. Indices o f  gut fullness and 
stored energy content arc obL?ined from wild specimens. 
and lahnratory experiments ;in: being conducted to aid in 
the interprek?tion of the field daw. 

Emironmrnral isoropes lo rrare rrophic pa rh~~ays  lo 
.~olm)n (R. Dnucett. Dept. of Biology, University of 
W~lterlcx~). Swhle isotope analysis is being used to 
identify and measure the relative imponance o f  the 
sources of c x h m  .wurces leading to Atlantic salmon in 
Caumann Brook. This approach utilizes differences in 
the natural abundance of stable isotopes 3s tags, or 
tracers, which move through the fax1 chain with little. 
or predicwhle. alteration. The method has been 
successful in  identifying penwhations in sueam 
ecosystems and i t  is in this connection that i t  wi l l  be 
:~pplied here. The relative impunance o f  autocthonous 
and allocthonous cnrhon wil l  be assessed along tempral 
(season. year) and spatial (between habitat-types and 
stream reaches) gmdients. Primiuy pathways i n  the food 
web wil l  he followed using a comhination o f  h x h  stable 
carbon and nitrogen isotopes. Application of the 
technique to other fish species (e.g. brook trout) may 
provide a means o f  predicting changes in the aquatic 
environment following deforestation. 

The vaintion in isotope ratios is generally mwsured by 
mass specuomeuy where purified CO, produced by the 
consumption of organic material is compared with a CO, 
standard. The analysis is being carried out in  the 
Environmentid Isotope Labontory (Depr. of !3rth 
Sciences. U. o f  Waterloo). Field samples were initially 
coUected between May and September in  1992. and wil l  
be continued in 1993. Unlike stomach content analysis. 
an important advantage offered hy stable isotope analysis 
is that, even with sacrificing relatively few animals. the 
results reflect an integration of all fd sources. 



Allomerric and ecologirul deierminanrs rf'rerrrrory size 
in juvenile Allanric sulmon (E. Keelcy. Dept. of Biology, 
Concordia University). The objective of this study is to 
develop a predictive model of rcrritory s u e  for juvenile 
Atlantic salmon. Two approaches werc adopted which 
;we often used to examine the size of areas defended hy 
animals. Fist. because juven~le salmon undergo a h g e  
increase in hody size before smolting. territory sim W:LS 

n ~ w u r e d  for each fish within age-classes resident in 
Calammn Brook. This was done to account for 
v.aiation in territory size which might be explained by 
hody si7.c. In addition to this :illomctric appronch. a 
widc range of ecological factors were measured which 
have heen predicted to innuencc territory size. These 
incluhe food abundance, anuusion pressure. habitat 
suucturc, and current velwity. 

From 25 May until 02 September. 1992. the territories 
of 49 salmon were measured hy observing f m l  
individuals by the use of a video camera or directly. hy 
snorkeling. By ohserving fish in several s t r m  rcrrches 
(Middle. Gorge. and Lower). it wa9 possible to measure 
territories over a widc rmgc of environmental 
conditions. The resultant data wiU he used to build a 
multiple regression model predicting territory size for 
juvenile Atlantic salmon. Because of the potential 
importance of territorial behaviour in limiting population 
density, this model may be valuable to biologists 
interested in determining thecarrying capacity for stream 
salmonids. 

Preliminary resulLs indicate that body size may account 
for approximately 70% of the variation in territory size. 
and food abundance an additional 10-15%. 

Modt?lisalion de I'habrrar physique du saumon de 
I'Arlantique uvec PHABSIM: car du rui.sseau 
Caramran.  (Modelling of physical habitat for Atlantic 
Salmon: Application on Catamaran Brook. G. Bourgeois. 
h o l e  de genic, Universt6 de Moncton). This research 
consists of modelling hahitat using the Instream Flow 
lncremenwl Methodology (IFIM) followed by a 
vdlidation study to delcrrnine the applicability of such a 
model for different habitat types: rimes, runs and mts. 
The IFIM mrdel is being used widely throughout North 
America (USA and Canada) bul with very litlle 
validation, especially in Atlantic Canada. A snsitivity 
analysis w a  also carried out to determine the effccu on 
input parameters such as  Habitat Suitability Index (HSI) 
curves, velocities. etc. on the results of the model. 

It w3s found that Ule predicted habitat is not sensitive to 
water velocities. depth, and suhstrdte when applying 
random errors of different magnitude. However. the 
selection and the number of cross-sections are very 
impomnt. This analysis was carried out using 
resampling techniques (bootsvilp). The relationship 
between fish dcnsitics (from clectrofishing) and 
predicted habitat availability w3s also investigated. 

Elude hydro-mPl6orologique du hassin Caramnru~r. 
(Hydrometeorlogical study of the Catamaran Brwk 
basin. P.P. L o u ,  h o l e  de gCnie, UniverstC de 
Moncton). Hydrological and meteorological 
chwxteristics are very important to study water related 
proccsscs in the Cawmmn Brook drainage basin. This 
study involved the determination of different flow 
char;rtcristics such 3s avenge, high and low flows. 
hased on a regional analysis. Two approaches werc 
considered: multiple regression and transfer of 
hydrological information. The first u x s  regional 
information to developed the multiple regression 
equation with physiographic panmeters. The second 
approach involves identifying a representative 
hydrometric station in the studied region and Wansferring 
hydrological information between basins. Dnuhle mass 
c w e  analyses were also considcred to study the 
homogeneity of the region both with discharge a d  
precipitation. 

Modt4lisarion dPremunisrre el srocha.rrique de la 
tempPnrrure de I'eau du ruisseuu Caramran,  
(Delerministic and stochastic modelling of stream water 
lempenture for the Catamaran Brook. G. El-Kourdahi, 
&ole de genie. Universe dc  Moncton). This study 
ftruses on modelling stream water tempenlure using a 
deterministic m d  stochastic prediction modcl. The 
deterministic approach uses meteorological data and 
physical chmtcrist ics of the stream as input 
pameters.  These parameters arc then used in heat flux 
(or energy) equations (solar radiation. convation. 
evaporation, and others) to predict changes in water 
temperature. Following calibration of the models. their 
applicability w a  determined for particular sites within 
a drainage hasin. 

The stochastic approach uses a time series analysis 
technique (Box-Jenkins) to determine relationships 
between air and water temperatures. Two main 
components are identified in this analysis, s w o n a l  and 
nonseasonal. The seasonal component was applied using 
Founier series analysis and represents long term 



variation in the time series. The nonseasonal component 
represents shon term variation in  water tempenture as 
a function of p a t  water temperatures (autocorrelation). 
heat flux by air temperature (cross correlation), and 
random errors. 

I t  wa.. determined that groundwater in the Catamaran 
Brook basin plays an imponant role in d fwt ing s l ram 
temperatures. The resull? obtained were similar to 
previous studies. with the stochstic approach being 
superior in predictability. 

6.2 Cnllaborative Projects 
Frrnxal drver.7ity and activity in Catamaran Brook (Dr. 
F. B i r lockr .  Dep. of Biology, Mount Allison 
University). Plant detritus (dead leaves. needles. twigs) 
represents a major source of food and energy for many 
streams and rivers. They consist primarily of complex 
carbohydrates (e.g. cellulose. lignm) that cannot he 
digested by mostanimals. Microorganisms generally act 
as intermediaries betwwn plant materials and animal 
consumers. In streams, a specialired group of fungi. the 
aquatic hyphomycetes. performs this function. Their 
growth increases the protein and lipid content o f  
leaves. and breaks down h e  complex carbohydrates into 
digestible subunits. This puls the fungi at the very haw 
o f  the food web of strems. 

The overall objectives of these studies are 
ch rx te r i7~ t ion  o f  fungal diversity and activity in 
Cawmaran Brook and an investigation of factors that 
i~~f luence them. Monthly f i lmtion of water samples 
(begun in 1992) traps fungal spores (conidia) which can 
be identified. Their numbers give a rough estim~te of 
fungal activity i n  the river. Generally. there are two 
annual p k s  in  spore production: one a few weeks after 
Id - fa l l .  the second in  spring, when snow melt/runoff 
~ntroduces additional leaves from the river banks. This 
sampling regimen wil l  be continued for x v e n l  years to 
t m k  largc-scale changes in  the ecosystem at the level of 
allncthonous mater supply. 

In a more detailed study. lo begin in  the spring of 1993. 
an honours student wil l  investigate the breakdown of 
leaves at selected stream sites. Factors that might 
inlluence this process include influx of groundwater. 
water current, and temperature ( e . ~  a site above and 
below beaver dams). and riparian vegetation. 
Decomposition wil l  be studied by estimating weight loss. 
changes in  protein. phenolics. and lipid content. and 
fungal coloni~ation of the leaves. This latter wi l l  be 

ch.mctcnred by identifying fungal species. a well cis 

determining total biomass. based on mesunng 
ergosterol (by HPLC). a sterol unique to higher fungi. 

lvinrer sur~rval  of, and the effects I$ density on. 
precorrou.7 purr (Drs. I.-L. Baglinikre and E. Prtvost. 
I.N.R.A.. Rennes. FRANCE) Precocious male wbnm 
pan and their relevance to population dynamics and 
production in streams arc o f  interest to salmon biologists 
in  Europe and Nonh America In 1991, collahnntive 
research studies were initbted lo investigate some of the 
ecological relationships a..snciatcd with male precwlty 
in  salmon pm.  

Comparative research studies in Catamaran Brook and 
two salmon rivers in  France (Oir. ScorfO were 
formulated with the following objectives: to study winter 
morWity in precocious parr rclative to immature pan: 
and. to study the effect of localized densities on growth 
rate and incidence o f  male precocity in It salmon pan. 

Stream hahitu1.c ufjuvenile sea lamprey (Drs. R. Young 
and J.R.M. Kelso. D.F.O.. Sault Ste. Marie). In  I W I .  
we initiated a study of the habitats used by lamprey 
ammocnetes in C a t a m m  Brook and those used in 
sevenl streams feeding the Great Lakes. T I C  objecove 
was to compare the h3hitats chosen by ammocnctcs of 
truly anadromous sea lamprey with those of landlocked 
forms (see Young et al. 1990). A l l  lamprey c:~ptured 
during electrofishing surveys are measured. weighed. and 
densities calculated. In  addition. 2 'new' lamprey sites 
have been added to the electrofishing survey. and 
microhabital variables arc measured where (he 
ammocoetes are found. 

Fish lleulth Analyses (Mr. M.I. Campbell, D.F.O.. 
Moncton) 
Environmental stressors, natural (e.g. high water 
temperature) or anthropogenic (e.g. forestry activ~ties in 
a stream basin). may affect the health of fishes. 
Therefore, a fish health program was implemented to 
annuaily monitor the status of populations in Catamaran 
Brook. 

In  July 1991 and again in  July 1992 fish were collected 
for fish h d t h  analyses from the Upper Reach and 
Lower Rexh  portions of Catamaran Brook and fmm the 
Little Southwest Minmichi  River upstream of the mouth 
of Catamaran Brook. Fiqh wen: collected by 
electrofishing and were transported fresh on ice to the 



DFO Fish Health Sewice Unit lab in Halilru where they quantify the bascflow (groundwater) component of 
were examined for viral and bacterial fish pathogens. streamflow. 

The I991 samples consisted of 6 hrodc trout. 5 juvenile 
Atlantic salmon and 2 blacb~ose dace from the Upper 
Rexh: 3 brook trout and 19 juvenile Atlantic salmon 
from the Lower Reach and I I juvenile Atlantic salmon. 
2 hlacknose dace and 5 f i e  chub from the Little 
Southwest M i m i c h i  River. 

The 1992 samples consisled of 3 brook trout, 12 juvenile 
Atlantic salmon. 6 hlacknose d3ce and 10 lake chub 
from the Lower Reach: 10 brook tout. 5 juvenile 
Atlantic salmon. 3 blacknose dace and 2 M e  chub from 
the Upper Reach and 27 juvenile Atlantic salmon from 
the LitUe Southwest Minmichi River. 

In 1991. no vimses wcre identified from any of the fish. 
In addition to the expected uhiquitous bacterial species 
found in most of the gut cultures. the Bacterial Kidney 
Disenx (BKD) pathogen. Reniharferium salnmnmoram, 
was idcntifid in 2 of the 19 Atlantic salmon kidney 
smears fmm the Lower Reach. by using the 'direct 
fluorescent antihody technique' (DFAT) staining method. 
Although there was no evidence of a clinical BKD 
problem in C a l a m m  Brook it is worlh noting that the 
pathogen exists in the drainage hasin. No bacterial or 
vinl fish pathogens were identified from any of the 
1992 fish. 

Although the number of fish sampled for fish health 
purposes is small it is believed that by sampling 
annually a significant fish health data b a u  will be 
accumulated which will accurately reflect the fish health 
status/changing status of Catamaran Brodc through the 
three phases of the project. 

tlydrochemical separation of slrcanlflow in Catamaran 
Brook (Dr. T.L. Pollock, Water Quality Bnnch. 
Environment Canada. Moncton). In 1991. water 
chemistry samples were collected on a weekly basis and 
during particulrarstorm events to determine surface water 
I groundwater interactions. The stream water chemistry 
was found to change during storm events as 3 result of 
dilution. However, cenain variables peaked in 
concentration prior to the peak in discharge. This study 
will also help us to understand the dynamics of chemical 
concentrations during low flow or b a s  flow conditions 
in summer. Hydrograph separation techniques will be 
compared with the chemical analysis appoach to 

Groundwater research in the Catamaran Brook basin 
(Dr. K.T.B. MacQuanie. Depr of Civil Engineering. 
University of New Brunswick). Foresty activities. 
panicularly large clear-cut areas. m known to affext 
groundwater hy causing shallow groundwatcr levels to 
inc rew on avenge and to fluctuate much more rapidly 
in response to precipitation events. Also. groundwater 
discharge to streams is known to have a significant 
effect on fish habitat and production by providing 
thermal refugip maintaining stable flow ttgimes which 
maximize growth and survival. and hy providing suitable 
sites for embryo development within the stream 
substrate. 

This study has the following objectives: i) establish pre- 
logging hydraulic interactions between groundwaler and 
Catamann Brook hy quantification of gmundwater 
discharge: ii) establish pre-logging shallow groundwater 
discharge chemistry and to relac this to infilmition and 
l w 1  geology; iii) and to assess the impact on 
groundwater discharge, in terms of changes in quantity 
and chemistry, which may arise when logging resumes 
in the dninage basin. 

Rainfall inlercepnon by the f o r m  canopy (Drs. R. Barry 
and E. Robichaud. h o l e  de sciences forcsti$res, 
Universite de  Moncton. Edmonston). A signilicant 
aspect of the hydrological balance of a forested 
catchment is the lms of precipitation through canopy 
interception. The proportion of precipitation intercepted 
and evapontod directly from the leaves and h m c h  
surfaces is highly site-specific. The purpose of this 
study is to estimate the proportion of the gross 
precipitation intercepted by the different forest types of 
the Catamaran Brook catchment. The method used for 
estimating interception is by measurements of 
throughfall in networks of ningauges and stcmflow 
collectors installed under the canopies of the main forest 
typcs of the watershed. 

In 1992, a network of 20 raingauges and 16 stcmflow 
collectors was installed under a hemlock-spruce canopy 
in a 100 m1 plot in the Lower Reach. Twelve rain events 
wcre measured !\,tween August 20 and October 29. An 
evaluation of th  orest cover comp 911 has been done 
with the DNRI:  rest inventory m. 



In 1993 the following work is scheduled in auly  May. 
re-instilllation of the hemlock-spruce ploi and of 3 cHher 
plnts in st.ulds reprcsenwtrve of the forest cover in the 
catchment: 1)  in a maturc c& stand: 2) in a mature 
tolerant hardwood stand: and 3) in a mixed stilnd (with 
more thm 30% tolerant hudw~xxl). The interception 
relationships for spruce-fu swldc are already well 
documented in available lilerdture. After every rain event 
between May and September. throughfall and stemflow 
will be measured hy a student. Data analysis will k 
done within the fnmcwork of a senior thesis for 
Fehruary 1994 (F. Cot&). 

7.0 CONCLUSION 

As noted in the Introduction to this report, it was not o w  
intention to provide exhaustive analyses of the kttil 
k i n g  collected . or complete descriptions of scientific 
methalologies. However. it is apparent from the size of 
this document and the list of activities being carried out 
at C a m m  Brook that the .mount of data already 
generated is substanthl. The first year (1990) was very 
irnporlant in f i n i n g  up sampling logistics. study design 
and technique(s) based on our experiences in the field. 
For example. the change in location of the counting- 
fence and subsequent vap modifications havc greatly 
improved wpping efficiency and, hence. estimates of 
fish migmts. 

The years 1991-1992 havc seen a marked increase in the 
numher of sub-projects k i n g  carried out. Many of these 
are independent studies in that they deal with specific 
scientific questions such a$ how environmental isotopes 
tnce  tmphic pathways or whether deterministic or 
stochastic models best fit the water temperature 
fluctuations in Catamaran Brook. However. beyond their 
immediate gods, the% studies also provide important 
pieces for understanding the complex puzzle of a s t rum 
ecosystem. 

Two years remain before the end of the "pre-logging" 
phase of data collection in Catamaran Brook. Funhcr to 
the existing research program. additional research studies 
have already been confirmed for 1993. This is an 
encouraging prospect for establishing a reliable data-base 
for predicting relative effects of timber iwrvest. 
scheduled to begin in 1995. 

The ultimate value of this project for asessing the 
impacts of forestry pmtices will not be known for 
several years. This is the drawbxk of icmg-term 

r e a c h .  Despite the recognized importance of multi- 
year research, goals are not always redired hecause of 
alterations or the premature terminations of progriuns. 
The Carnation Brook project in British Columhia 
(Hartman and Scrivener 1990) exemplifies the usefulness 
of long-ten studies of the impacts of fwestry practices. 
No such project has been carried out in eastern Can&. 
The long-term studies of forestry impacts at Coweeo 
(Nonh Carolina) and Huhhard Brook (New Hampshire) 
have focused on forest hydrology and have yielded 
valuable information. However. the applicability of their 
findings to the forest region of Maritime Canada is yet 
to hc determined. The C a m m n  Brtlok project 
proposes to identify the inter-relationships of s t rum 
biota and their habitats in an Acadian forest catchment 
in order to quantify the effects from subsequent 
anthropngenic stress. To compare Catamaran Brook 
with the likes of Carnation Creck. Cowectil. and 
Hubbrud Brook is presumptuous at present. but h e y  
serve as excellent ex:unples of what can be achieved. 
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Table 1. Selccted physical attributes of the hahitat-types under study in the different 
reaches in Catamaran Brook. Values for width and depth were calculated for an 
approximation of the mean annual flow in the stream. 

-- 
Site Habitat Length (m) Width (m) Depth (m) Slope (%) 

LR12 
LRU2 
LBKU2 
LF2 
LRU 1 
LBRU 1 
LRI 1 
LF1 
LF3 
LP 1 

riffle 
run 
run 
flat 
run 
run 
riffle 
flat 
flat 
pool 

Lower Reach 
10.5 0.253 
8.0 0.458 
6.2 0.408 

12.9 0.340 
7.2 0.495 
8.6 0.629 
9.4 0.309 

12.5 0.346 
8.8 0.285 
8.8 0.601 

Middle Reach 
MRU 1 run 13.4 5.7 0.308 0.851 
MRI1 riffle 11.4 6.4 0.184 2.24 
MFl flat 17.6 8.2 0.395 0.199 
MRU2 nrn 12.5 6.9 0.215 0.584 
MRI2 riffle 14.8 7.7 0.222 1.70 
ME! flat 21.1 6.3 0.371 0.213 

Gorge Reach 
BGR2 riffle 11.7 5.3 0.160 2.92 
BGRU2 run 17.6 7.3 0.200 0.653 
BKU3 run 16.2 6.7 0.318 0.099 
GRUl run 15.2 8.0 0.192 0.164 
GRll riffle 15.0 6.7 0.184 1.57 
GRU2 Nn 15.4 5.1 0.174 0.584 

Upper Reach 
MTRIBI run 13.0 4.5 0.248 1.19 
MTRlB2 run 16.4 4.5 0.287 2.41 
LAKE01 run 24.2 3.2 0.248 2.97 
LAKE02 run 17.5 3.2 0.242 2.67 



Table 2. Areal (A, m2) and frequency (n) representation of habitat-types in the four stream 
reaches of Catamaran Brtwk based on the 1991 (summer) survey. 
- . - . -. - 

Habitat - Type 
Stream . - 
Reach Riffle Run Flat Pool 

Upper 5 80 33 866 10 181 0 

Middle 16 1454 17 1703 4 231 2 170 

Gorge 9 1456 13 1646 0 2 21 1 

Lower 30 6027 38 6306 10 2174 3 208 

Totals 60 (9017 101 10521 24 2586 7 589 



Table 3. Monthly mean precipitation and air  temperature recorded annually (1990 - 1992) in the Catamaran Rrwk hasin and 
over the long-term (1%9-92) using McGraw Brook meleorological station data (1969-92). 

J a n  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Precipitation (mm) 
IY90 128.3 53.5 43.8 71.9 160.6 59.3 157.6 102.8 77.9 158.2 125.4 147.9 
1991 93.0 24.0 149.6 88.6 152.8 81.8 36.8 245.2 173.8 136.0 56.5 63.0 
1992 113.0 129.8 38.8 40.6 27.2 113.4 141.4 81.2 46.8 170.8 73.6 34.1 
Avg.' 91.8 71.7 91.2 90.5 105.8 95.2 100.8 96.5 96.3 100.4 109.0 108.9 

Mean minimum temperature (OC) 
1990 -16.3 -20.9 -12.7 -3.0 1.9 9.6 11.9 12.7 5.4 3.2 -2.6 -10.9 
1991 -20.6 -16.8 -7.2 -3.5 3.4 8.4 10.7 12.6 5.3 1.9 -2.2 -16.7 N 

1992 -16.9 -21.2 -13.2 -3.1 2.8 9.1 9.7 11.8 7.5 2.1 -5.4 -9.0 ID 

Avg.' -18.1 -16.7 -10.0 -3.0 2.8 8.5 11.8 10.9 5.5 0.4 -4.5 -13.7 

Mean monthly temperature ("C) 
1990 -10.3 -14.4 -5.9 2.5 8.4 16.7 18.8 19.9 11.8 7.4 0.4 -6.0 
1991 -14.0 -9.6 -2.0 3.3 11.0 16.2 18.5 18.9 11.6 6.9 1.6 -11.4 
1992 -11.6 -15.3 -6.1 2.8 11.0 15.5 16.1 17.7 14.1 7.0 - 1 .O -1.8 
~ v g . '  -11.8 -10.1 -3.8 2.9 10.1 15.6 18.8 17.7 12.1 6.2 0.0 -8.2 

Mean maximum temperature ("C) 
lYYO -4.3 -7.9 0.9 7.9 14.8 23.8 25.6 27.0 18.2 11.6 3.3 -1.0 
1 9 1  -7.3 -2.4 3.2 10.0 18.5 23.9 26.2 25.1 17.9 11.9 5.4 -6.1 
lY92 -5.8 -9.4 0.7 8.7 19.2 21.8 22.5 23.5 20.6 11.9 3.5 5.5 
~ v g . '  -5.5 -3.4 2.5 8.7 17.3 22.7 25.7 24.5 18.7 12.0 4.4 -2.8 

-- 

' Avg. = long tenn monthly average from 1969 to 1992. 



Table 4. Annual (1989-1992) and historical (1%5-1990) mean monthly discharge (in's") measured in the Middle Reach of 
Catamaran Brook. 

.. -. . . - . - . . -- 

Jan Feb Mar Apr May Jun Jul Aug Sep Ocl Nov Dec 

- - 

* Long term monthly discharge based on prorated values from Renous River (station 01B0002) 



Table 5. Estimates of flood magnitude (m3s") for Catamaran Brook at various recurrence 
intervals using four approaches of measuring flood frequency. Calculations are based on 
long-term prorated discharge data from Renous River (1966-91). 

Recurrence interval (y) of floods 

2 5 10 20 50 100 

3 Parameter Lognormal 6.2 8.9 10.8 12.7 15.2 17.1 

Type I Extremal 6.3 8.4 9.8 11.2 13.0 14.3 

Pearson Type 111 5.8 8.5 10.7 12.9 16.0 18.3 

Partial Duration Series 6.5 8.8 10.3 11.8 13.7 15.1 

Median 6.1 8.6 10.3 12.1 14.4 16.2 

Table 6. Estimates of low flow (m3s") for Catamaran Brook a t  various recurrence intervals 
using three periods of duration. Calculations are based on long-term prorated discharge 
data from Renous River (1966-91) using the Type III Extremal Distribution function. 

Recurrence of low flows (m3s-') of interval T (years) 

I-day low flow 0.063 0.037 0.025 0.017 0.009 

7-day low flow 0.074 0.044 0.031 0.022 0.0 13 

14-day low flow 0.082 0.049 0.035 0.026 0.018 



Table 7. Suspended sediment concentration (Conc.) of water samples collected from 
Catamaran Brook during storm events in 1990 and 1991. Q refers to river discharge 
estimated at the time of sampling. 

Year Date Time (h) Q (m3s.') Conc. (mgll) 

Aug 11 
Aug 12 
Aug 12 
Aug 14 
Aug 14 
Aug 14 
Aug 14 
Aug 15 
Aug 15 
Aug 15 
Aug 15 
Aug 15 

Sep 23 
Sep 23 
Sep 23 
Sep 23 
Sep 23 
Sep 24 

Aug 10 
Aug 10 
Aug 11 
Aug 11 
Aug 11 
Aug 11 
Aug 11 
Aug 11 
Aug 11 
Aug 11 
Aug 12 



Tahle 8. Concentration (Conc.) of suspended sediments in water sampled from 
Catamaran Brook during 19W, excluding storm events. Q = river discharge (m's-') 
at time of sampling. 

- 
Dale Time (h) Q (mJs-') Conc. (mdl) 

Jun 13 
Jun 13 
Jul 18 
Jul 18 
Jul 19 
Jul 20 
Aug 1 
Aug 2 
Sep 15 
Sep 16 
Oct 16 
Oct 16 
Nov 14 
Nov 14 



Table 9. Physical habitat characteristics of representative habitat-types in Catamaran Brook 
based on cross-sectional measurements made in 1990. A l l  tablular values are in metres (m) 
except for area (m2), and velocity (ms-I); Manning's "roughness" coefficient (n), Froude's 
Number (Fr) and Reynold's Numher (Re) are dimensionless. D,, refers to the median 
substrate particle diameter; D, = the bed material size for which 84% of the material is 
finer (see Bray 1991). 
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Table 13. List of fish species identified in Catamaran Brook (1990-1993). 

Family Scientific Name Commom Name 
- 

Saltnonldae 

Cyprinidae 

Catostomidae 

Clupeidae 

Cottidae 

Gasterosteidae 

Anguillidae 

Petrornyzontidae 

Salmo solar 
Salmo iruira 
Salvelinus fot~iinalis 

Rhitrichthys urraiitlus 
Semotilus atromacrrlotrrs 
Corresius plltmbeus 
Chrosomlcc ros 
Chrosom~u. tteogaeus 
Norropis conrutus 
Notemi~otrus crysoleucas 

Gosterosteus aculeurus 

Petromyzon marblur 

Atlantic salmon 
Brown trout' 
Brook trout 

Blscknose dace 
Creek chub 
Lake chub 
Northern redbelly dace 
Finescale dace 
Common shiner 
Golden shiner 

White sucker 

Gaspereau' 

Slimy sculpin 

Threespine stickleback 

American eel 

Sea lamprey 

'Rare; <5 specimens found 

Table 14. Efficiency of operation and trapping (smolt) at, the fish-counting fence at 
Catamaran Brook, 1990-1992. 

Year Time(d) that fence was inoperative 
Smolt 

Capture Efficiency 

May-June July-Sept Oct-Nov # marked # recaptured 

- location of counting-fence was different in 1991 and 1992. 
"- fence prematurely removed 25/10/90 due to flood damage. 
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Table 15. Age distribution and mean fork length (FL) f I s.d. of Atlantic salmon smolts 
sampled at the counting-fence at Catamaran Brook, 1990-1992; n=sample size. 

Year Age n Mean FL (em) 

Table 16. Frequency of occurrence of mature (precocious) male parr of  Atlantic salmon 
sampled in the autumn (i.e. aRer 01 October) at the counting-fence at Catamaran Brook 
, 1990-1992; N = total number of parr (mature and immature); bracketed values refer to 
percentage of parr sampled which were precocious. 

Year Upstream Downstream N 

MEAN 30 (47%) 100 (33%) 355 

'- fence prematurely removed 25110190 due to flood damage. 

Table 17. Annual counts and sex ratios of grilse and MSW (multi-sea winter) Atlantic 
salmon captured moving upstream at the counting-fence incatamaran Brook, 1990-1992. 

Grilse MSW 
Year 

Male : Female Total Male : Female Total 

- 
'- fence prematurely removed 25/10/90 due to flood damage. 



Table 18: Frequency of occurrence and percent rcprevntation d precocious Atlantic Salmon Pam in variour r u c h e  ufC;ltamarun Bruuk, 
Autumn 1991.1992. 

......... - -. - -. - - - . . .  .. . . .  .. . .  . . . . .  .... .. . -. 
..... [ 7-. Lnwcr Reach* 

- 

hli-d ~ c r h  

Z+Parr . 
I 

Ycar Percent Percent ; Total Percent I 
I 

I I 1 1991 4 I 3 1 166 
' 

2.1 1 46 

- . . .  - . .... . 1 
I 

, 1992 : 1 1  42.9 10.5 
...... - . . . . ......-. I - .L - 

. (hly four of eighr riles s w c y d  in 1992 



Table 19. Results of snorkeling observations in pools in different reaches of Catamaran Brook during 1 9 1  and 192 .  Numherj represent 
the average frequency (Freq.) of fish from 2 pools per reach. 

R = Brook trout; S = Atlantic Salmon; D = Blacknose Dace; G = Stickleback; W = White Sucker; Y = YOY; P = Parr; A = 
Adult 

Dale 

(rnmy!) 

Lower Reach Mlddk R a c k  G a p  Reach 

Wal r r (T )  Frrg. S w d d s i a g e  Walcr(C)  Sprclaisiage Frrg. Wain ('(:I S p d a i s t , p  Frq. 



Table 20. Abundance of four fishes in pool habitats from different reaches in Catamaran 
Hrwk, as determined by capture in minnow-traps, 27 May - 25 August, 1992. Numbers are 
the totals from 2 pools in each of the stream reaches. 

Species Middle Reach Gorge Reach Lower Reach Total 

Atlantic salmon 3 1 16 29 76 

Brook trout 32 12 0 44 

Blacknose dace 18 24 44 86 

Lake chub 0 37 87 124 
.- 





'fable 12. Summary o f  yar l lc l r  sizes and d r y  r o i ~ h l J .  (*I.), bum Wll lork-Vlhrr l  Boxes placed in diffrrrnl 
hahitilt-lypm and reaches i n  (:atamarm Brook for the period between Auyul-1991 and June-199L 

- - - - ...... - . . . . . . . . . . . . . . -  . --. 
2mm . I m m  I 0 i i m  i 0.02Smm O.IUmm 0.038mm Silt  Total Ip) 
rL rt. .v' .- : -0.Osmm D r y  rt. ! i 

. .. . . .  (B) ..--..&I .A). (B) . (B) i 
?.MI 3.861 3 . 5  0.862 0.829 I 0.255: 12.969' 

Pool12 ! 58.334 123367 140.335 41.174 7.3501 3.260 0.786 1 374.606 

. - 
(iorpc 
Run # I  4.7' 

i ...... ........ 
j ... 

Gorge 
Rlf f l rX2 .. 
I.ovcr 8.735 
Fiat12 I 8.M91 2.029 161.447 

........... 

........ 
Pod *I 

...... 
. . .  ......... 

L o r c r  
6.079 

. -.-. 

: Run81  0.863 3 683 6.043 i 11.392 
0.740 1.680 ' %.@?.. 

- 0.474 12.574: --I*.-%, - 
Mlddla 0.000 0.177' 0.5% 
Pod t l  1.798 1.020 3.451 3.443 

2.812 
! 

Avg. ...... ..... 
Middle 
Run l l  1.892 : 0.000 1 

I , . .  

O"l(luW 
Pod12 .... 

........ 
6.378 2.908 0.3 11 : 177.29 1 1 
5.682 i 2.7R5 C 0.623 310.133 1 
3.615 1 1.639 O.l!S,'., 253.317' 

2.444 '-1 246.914j s.z= I -- 
($)=(;rams 
Avg. - Averse. 



Table 23. Concentrations (nglg dry wt) of DDT and its derivatives in sediment strata 
sampled from two beaver ponds and the mainstem of Catamaran Hrook in August, 1991. 
N.D. = not detected. 

Sampling Stratum 
location (cm) p,p'-DDE p,pl-DDD o,pl-DDT p,pl-DDT 

Beaver Ponds : 
Upper Kcach 0-10 

10-20 
20-30 

Tributary One 0-10 
10-20 
20-30 

Mainstem (control) : 
Lower Reach 0-10 

10-20 
20-30 

65.00 
9.1 1 
N.D. 

N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
N.D. 

N.D. 
-- 
N.D. 

N.D. 
N.D. 
N.D. 

4.01 
N.D. 
N.D. 

N.D. 
-- 
N.D. 

Table 24. Numbers of smolts marked frum above and below mainstem beaver dams, and 
subsequently recaptured a t  the counting-fence in Catamaran Brook during the spring of 
1992. Numbers in brackets represent the recapture percentage. 

Mark Location Number Marked Number Recaptured 

Above beaver dams 91 

Below beaver dams 56 



Table 25. Total number collected, (all sites and dates) and feeding groups of invertebrates 
(after Merritt and Cummins 1984) found in Catamaran Brook, Summer lYW 

Taxon Functional Group Total 
~ iulnkr  colleclal 

Annelide: Oliguchaeta 

Plaryl~elminthes: Turbellxia 

Arachnids: Hydracarina 

Cmstacea: Aniphipoda 

Insecta: Ephemeroptera Ephemeridae 

Leplophlehiidae 

Ephemerellidae 

Tricorythodidae 
Baelidae 

Odonala Aeshnidx 
Gomphidae 

Cordulegastridac 

Plecoptera Leuctridae 
Capniidae 
Taenioplerygidx 

Reronarcyiidae 
Perlidae 

Ephemera 
L~robranrha recurvara 
/{ahrophlebia vibratu 
Ilabrophlebiodes 
Paraleprophlehia 
Leprophlebia 
Dnr~~el la  
Esrylophella 
Ephcmerella 
Scrrarella 
A lrenella 
Tricorythvdes 
Baeris 
Pseu~iocloeot~ 
L'o~~/rop/tlrrm 
Cloeon 
Slet~onema 
Slcnucn~n 
l lepta~er~ia 
Epeoruc (lron) 
Khrrhroxeno 
Isonych~a 
Ameleruc 

Learrra 
Parucapnia? 
I'aenlopletyx 
Taenionoma 
Pleronurcys 
Agneritza 
Acrorleuria 
IIyiroperla 

Predator 

Predator 

Shredda 

Colllgatherer 
Coll/gatherer 
Coll/galherer 
Scraper 
uolllgalhercr 
coll/gatherer 
Scraper 
Scraper 
Scraper 
Scraper 
Scraper 
Colllgatherer 
Scraper 
Scraper 
Scraper 
Scraper 
Scraper 
Snaper 
Scraper 
Colllgatherer 
Colllgathcrer 
Coll/fillerer 
ColI/gatherer 

Rcdator 
Predator 
Predator 
Predator 
Redaor 

Shredda 
Shredder 
Shredder 
Shreddm 
Shredder 
Redator 
Redator 
Predator 



Table 25. Cont'd 

Functional Croup 

Trichoptera Limnephilidae 

Leptoccridac 
Lcpidostomatidac 
Phryganeidae 
Odontoceridae 
t%ilopotmidac 
Polycenlropidx 
Glnssoniatidae 

Khyacophilidae 
Hydropsychidae 

Helicopsychidae 
Hydroptilidae 

Frrrleria 
Limnephilus 
Apataniu 
Ilyriutophylar 
Pyrnopsychc 
') 

Lepido.rtoma 
Olixosromis 
Pzilolrrla lubida? 
Doliphilodes 
Polyccn~rup~ls 
(ilussusomu 
A,~UPFIIL( 
Rhyacuphila 
Iljdrupsyche 
Arclops~chc 
Chrumalopsychc 
Diplccrrona 
Ileliropsychc borealis 
7 

fiemiptera Gerridae Gerris? 

Coleoptcra Dytiscidae 7 

Rrphcnidx Psephenus 
Ectopria 

Elmidae 0ptio.rervuc 
Oulim~~irrr 
Dubiraphia 

Hydraenidae ' I  

Diptera Dixidae Dixa 
Simuliidae S~mulium 
Chironomidae Onhocladiinae 

Chironominx 
Tanypodinae 

Athericidae Arheru 

Prcd~tor 
Predator 
Scraperlpred 
Scrapcr/prcd 

Shredder 
Shredder 
Scraper 
Shredder 
Shrcdder 

Shredder 
Predator 
Scraper 
Coll/filterer 
Prcdator 
S n a p r  
Scraper 
Predalor 
Coll/filtercr 
Collfiltercr 
ColVfiltcrcr 
Collmlterer 
Scraper 
Coll/gatherer 

Predator 
Prcdator 

Prcdsor 

Prcdator 
Scraper 
Scraper 
ColVgalherer 
Colllgalhcrcr 
Coll/gatherer 
Coll/gathcrer 

Coll/galhercr 
Coll/filterer 
ColVgatherer 
ColVgathercr 
Predator 
Prcdsor 



Table 25. Cont'd 

Taxon Funcuonal Group Tutal 
numkr coUcxicd 

Tipulidae ripula 
Ilexaloma 
Dicronura 
Moloph1111s 
Pedlcia 
Limonio 
Pscrrdolimncpl~~la? 

Tdhanidae ? 
Ceraropogonidae ? 

Shredder 4 
Redatur 22 
Predator 2 
? 2 
Rediuur I 
Shredder 1 
') I 

Predator 3 
Redator Y 



Table 26. Number of taxa (usually genus) and mean number per kick sample of aquatic 
invertebrates found in each study site and reach at Catamaran Brook, summer 1990. 

Upper Reach Middle Reach Gorge Reach Lower Reach 
LAKEO TRlB MFl  MRIl MRUl  GBRUI GRUl  GRl l  LBRUl  LRl l  LRUl LFl 
- - - - . . - - -. - - - - - - - - - -----------------.----- ........................ -----------.----------------.--- 

no. taxa 40 44 31 34 38 31 40 33 31 35 36 39 

total no. 
taxa per 54 
reach 

mean no. 54 52 40 86 82 40 50 69 54 55 56 47 
per. kick 

key: LAKEO = Catamaran Lake Outflow: TRlB = Man Tributary; MFI = Middle Flat I :  MU11 = Wddle ~ i f f l e  I :  
MRUl = Middle Run 1: GBRUl = Gorge Bedrock Run 1: GRUl = Gorge Run 1; GRll =Gorge Wfle I: 
LRRUl = Lower Rcdrock Run 1; LRIl = Lower R~fflc I; LRUl= Lower Run 1: LF1 = Lower Flar I .  









Figwe 4. Mean annual precipitation (mm) measvrcd in the Catamaran Brook basin fmm 1969 
to 1992. Dashed horizontal line represents the long-term average. 
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Figure 7. Tracking of Hurricane Bob through Catamaran Brook basin, August 17-23, 1991: (a) 
air temperature. (temp.) and hourly wind speed as measured at the meteorological station: (b) solar 
radiation (Rad.) and barometric pressure (Bar.) also measured at the meteorological station; (c) 
precipitation (Prec., histogram), discharge (Disch.) measured for the Middle Reach, and 
suspended sediments (Sus. Sed.) concentration curve based on collections at the river mouth. 



Discharge (m3/s) 

Discharge (m3/s) 
Figure 8.Habitat-discharge relationship for Atlantic salmon fry in sites MR2 (top panel) and 
MRU2 (bottom panel) using PHABSIM model. WUA = Weighted Usable Area. Dashed lines 
represent 95% confidence interval. 
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Figure 9. Predicted (heavy line) and measured (fine line) stream water temperatures for 
Catamaran Brook during 1991 and 1992. Smoothed c w e  represents nonseasonal variation from 
a Fourier analysis. Day 120 represents 30 April in 1991 and 29 April in 1992. 
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Figure 10. Specific conductance (top panel) and alkalinity (bottom panel) at Catamaran Brook 
and Little Southwest Miramichi River, 1989 - 1993. 
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Figure 14 Weekly movemenls of Cyprinid fishes a t  the counting fence in Catamaran 
Brook. 1080-1002. Upstream movement is above the horizontal axis: domslrearn 
movement is below. Mean. weekly water temperature ('C) and river discharge (m?JL.lO) 
are also plotted for comparison with movements. 
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Figure 16. Change in mean fork length (f 1 s.d.) of Adanuc salmon srnolts during the spring 
emigration from Catamaran Brook. 1990-1992. 
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Figure 17. Weekly movements of Atlantic xalmon parr at the counting fence in 
Catamaran Brook. 1990-1992. Cpstream movcment is above the horizontal axis. 
downstream movement is below Mean, weekly water temperature ('C) and 
rivcr d~scharge (ma.s-?lo) are also plotted for comparison with movements. 
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Figure I8 Weekly movements of brook trout a t  the counting fence in Catsmaran 
Brook. 1990-1992. Upstream movement is above the horizontal axls; downstream 
movement 1s below. Mean, weekly water temperature ('C) and river discharge 
(m1.3'.10) are also plotted for comparison mth  movements. 
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~i~~~~ 19, ~ ~ i l ~ ,  upstream movements of brook trout and Atlantic pa l r  i n  
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bars (top) represent daily rainfall totals 
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Figure 20. Seasonal comparisons of mean fish densities (all speclcs combined. 
per 100mC) In different habitat-types in the Middle and Lower Reaches of 
Catamaran Brook. 1990-1992 Densities are  the average of Lwo replicates per 
habitat- type. 
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Figure 21. Annual comparisons (1990-1992) of  mean denslty of young-of-the-year 
(a,  top panel). 1+ (b, >2+ juvenile Atlantic salmon (c,  bottom) as 
determined during d~f fe ren t  habital-types and study reaches in 
Catamaran Brook 
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Figure 22. Annual comparisons (1990-1992) of mean density of young-of-the-year 
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Figure 23. Mean size-at-age for young-of-the-year (0+) and age 1+ Atlantic salmon. at the end 
of the growing season (November) in three study reaches of Catamaran Brook, 1990-1992. 
Vertical bars represent f 1 s.d. 
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Figure 25. Abundance and diversity of aquatic invertebrates in the four study reaches 
of Catamaran Brook, N.B., during summer 1990. A. Abundance (mean number1 
kick sample, averaged over 3 sample dates and 2-4 sites. B. Insect Taxa 
Richness (total number of genera found in each order, except Chironomdae 
(Diptera) which were identified to family). 
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Figure 26. Relative abundance (percent) of invertebrates in each functional feeding group 
in each study reach, Catamaran Brook, N.B., summer 1990. 



75 
APPENDIX I 

Particioatina Agencies and Grouos 

The following is a list of those groups which have been. or continue to be, involved in the 
Catamaran Brook Habitat Research Project, in some manner. 

[i) Government and Industry 
Department of Fisheries and Oceans 

Gulf Region, Moncton. New B ~ n s w i c k  
Sea Lamprey Unit, Sault Ste. Marie. Ontario 

Environment Canada 
Atmospheric Environment Service, Moncton. N.B. 
Water Resources Directorate. Moncton. N.B. 
Water Resources Directorate. Fredericton. N.B. 

N.B. Department of Natural Resources and Energy 
Regional Office, Newcastle, N.B. 
Ranger Slation, McGraw Brook, N.B. 

N.B. Department of the Environment, Fredericton. N.B. 

Miramichi Pulp and Paper, Inc. 
Woodlands Division, Newcastle, N.B. 

fii) Universitv / Colleae 
UniversitC de Moncton 

&ole de Genie, Moncton, N.B. 

Mount Allison University 
Department of Biology, Sackville. N.B. 

University of New Bmnswick 
Departments of Biology and Civil Engineering, Fredericton, N.B. 

University of Pnnce Edward Island 
Department of Biology, Charlottetown. P.E.I. 

Concordia University 
Department of Biology, Montreal, P.Q. 

University of Waterloo 
Department of Biology. Waterloo, Ont. 

Holland College 
Renewable Resource Management. Summerside. P.E.I. 



{iii) Private Organizations 

New Bmnswick Wildlife Federation. Fredericton, N.B. 

New Bmnswick Salmon Council. Doaktown, N.B. 

Miramichi Salmon Association, Boiestown. N.B. 

Atlantic Salmon Federation. Chamcook. N.B. 



Appmdlx I l l a ~ :  Slte Spalnc H r b  Popul8tluo E u l n u t a  and Dcnsllla From Saronal EleclmlWlng 
Surveys lo 1990, rr Derlred h o r n  lbe Rermrd Udhod. IZlpplo 1956). 

. -7 sur?mr - . - . . - - - 
Read3 1 Slte 1 -Zo.(m21 ~ o ~ u l n t ~  ! %Pop. Dmdty To'oI Same / F~t lmatc  Captured i ( p a  100m2) 

I Lowcr 

L . .h!!!l_. ..- 
Lower i 

AUtUmO . .  .- 
I 18.95 ! 

: Uppcr UER2 68 1 40.85 
' Uppr -. UORl 1 ' 7 2 .  10.43 95.8!  14.48 I 

1.1 Uppcr ; VOR2 ! 5 4 ;  -. 1 1  1 32.66, 337- 
I 

' Middle - ,L MRI 
Middle -- 84 

MFI 

Middle , - 
-- 

MRl2 ; 47 i,.. $3.25 ... . -. 

76.9 
66.43; 9 3 . 3 ,  . 53.72 

178.19 W.6 106.65 1 

Lower I WI i 32 43.98 
Lower-. i .. WZ.. . . . . .  119 38 i 39.94: ? I - 2 -  - -  - 3 a  



Appendix II(h): Site Sprclnr Fish Populatlm Ertimstes and lkodt la  Fmm Stlronal Flcclmflrhlog 
Surveys In 1991. as [krtved From tbc Removal Method. (Zlppln 1956). 

I 

-~ iddle  1 MRI 7 9 ,  , ' "'1071 115.ja--- 
Middle MRZ I 1101 102 

157, 

. 
MR12 

. ... . 97.8 
92.3 



~ p p r o d i x  ll(c): Sue Spcdlk Flrh Popul8Uon E ~ t l m a t e  and DmsiUa From S t u w a l  Eklronahlog 
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Appendix 111: Mean Fork Length -+ SD of Juvenile Atlantic Salmon Measured During Autumn Electrofshing Surveys 
(IYYO-1992) in Different Reaches and llabitat-Types in Catamaran Brook. Values in parentheses refer to sample size. 

-Only ow of two rcplrcatc sites sweycd.  
.* Pa,lr were swcycd in 19Y2 only. 
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