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ATLANTIC SALMON AND TROUT INVESTIGATIONS
1939

Report No. X.  Oecology of Goldmine brook.
By J. A+ Colin Nicol

Introduction.

During the summer of 193% a careful survey of Goldmine brook
was made in order to form a background for salmon planting experi-
ments. Temperatures, water levels and biotic conditions were
followed
under the verious eections below.
Topography.

Goldmine brook is @ small woodland stre

closely as field oconditions permitted and are desorived

emptying into the
west side of Mill lake three-quarters of the diste:

from its southern
end (vide map 1). One and onme-helf miles in lemgth, it runs entirely
through en eres of ferruginous and graphitic slates (Nova Scotian
sheet number 38, Geologicel Surv. Censda,1886) which are exposed
in the cascades - the region of meximum descent - and, forming
lves and ledges, cause the water in this region to pour down
in little falls and riffles.
Following the course of the brook from mouth to hesdwaters
the following regions mey be distinguished (vide map 2).

1. Silty section at mouth.
2. Gravel section in open peat bog between alders and leske.
3. Lower stony.Bottom of stones snd gravel.
4. Cascades or recky section. Solid rock and boulders. UPPer stony.
5. Pirst still water which brosdens out into a pool forty feet
1in width.
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Above this point there oceurs s second stony stretch leading
into a second long still-weter which receives on its north side
@ tributery draining e small bog pond. This second still leads
into a stony rill which soon bresks up, palustely, into a number
of feeders draining s sphagmum-alder swaup.

The above regions may be subdivided into nich

ecoording
to their biotic content.
Flora.

The brook alternates in its cour:

through areas of woodland

and bog snd is bordered by plants charscteristic of the Canadian
Zone. The bog bordering the lower reaches is formed mostly of
grasses, Scirpus and Eriophorum. This is followed by alders

(Alnus incena) but, where the descent is more rapid, white and yellow'
bireh (Betula papyrifera and B. lutes), balsam fir (ibies balsamea),
red and mountain maple (Acer rubrum end A. spicatum) clothe the

benks. Some of the herbaceous plants present include Chiogenes
hispidula, Linnaes borealis, Clintonis boreslis, iralis mudigsulis
Oxalis Acetosells, Coptis trifolia, Aspidium spimulosmm, Onoole
11is, Osminda Cleytoniana, Q.
oides end Polypodiun wulgere. The still-waters run through
areas of sphegmun bog and Larix and the banks are overgrown with slders,
Myrioa gale, Andromeds glaucophylls, Kalmia polifolia, Ledum

groenlendioun snd Chamsedaphne salyoulsts.
The cover is in the amount of

sunlight which resches the stream. Stretches of the stream bed which
are brightly illuminated support rich algal growth, other factors
being favorsble. The still-waters, fully exposed to the light end
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rve of werm water which is slowly

and becoming heated, form a re
©ooled as it passes through the shaded portions of the streams

The florel composition of the streem itself is limited in

Dusbers and spedies. Exsmination of the water at the mouth by

Mr. He Leverin of the Department of Mines and Resources revealed

& PH of 6.0 end this low figure is perhsps significent in view

of the absemce of such caloiphiles as Chara and Lobelis Kalmii.
Collections of algae were made during Augist from verious

perts of the brook. Different species were sbundant in illuainated

and exposed places; end during the latter pert of the sumer the

upper rocky stretoh became choked with Ohlorophycese, Rhiodophycese,

end Basillsraeophyoea
Long jelly-like strings and mass

the slower ourrent of the rooky end stony stretohes and fill the

of Tetraspors occur in

quiet side pools till they have a gelatinous comsistency. This
plant prefers bright sunlight and extends its range as the water
level falls and the water becomes less turbulent.

Zygnema. Long cords of this alga were found in the sunlit
otions where it is attached

area of the upper and lower stony
%0 'Tocks in flowing water.

Another species of green alga, Bulbochaete, was found in
sbundsnce ussosiated with Bstroohospermum in the rooky streem.
It wes fruiting in eerly August.

Other Chlorophyceae were rarely observed. A few speoimens
of Mougeotis were seen in the colleotions and some desaids
(Closteriun end Staursstrum).




-4

Cysnophycese were not common.

A single species of Rhodophyoese, Batrachospermm, was
colleeted. This plant grows sbundantly in tufts on the rocks of
tion. It varies merkedly in colour, renging
from Olive-green to deep blue-green depending on the amount of
11lumination.

Long ribbons and cords of a colonial diatom (Denticula?)
flourish in the oa:

the upper rooky

des and in the stony partion of the stream,
It

eningly hes low 1ight toleration end will grow thiekly in
shaded situstions free from other algal growth.

In both shaded and sunny portions of the stream the stones
were found to be covered with a greenish algal growth. Sorepings
rium) ,

il 17 end fi end non-colonial distoms.
Such growth is important as furnishing f0od for mny insect larvee;
end the main limiting feotor fs 1ts ebundence, cside from enimal

end examination revesled desmids (Steurastrum, Clos

browsing,is the emount of sunlight, smell in emcunt taroughout the

sheded lower stony snd cascades sections of the stresm where the
majoPity of the salmon fry were planted.
‘Severel species of aquatic mosses form thick mats in the

soades and rills where the water pours over the stones. They
constitute a distinet niche end harbour meny lerge tipulid end
trichopteren larvae.

Phanerqmuss: are restrioted to the stills and slow-flowing
portions of the brook. At the mouth where the brook debouches into
the lake and the bottom is silty, Nymphaea advens is the dominant plamt.

Spergenium,
In the rocky streteh occur Eriocsulon nm--,/ua the two
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blsdderworts, Utrioularis yulgaris snd U. intermedi
1s bordered by Pontederis gordsta end Nymphsea sdvens, the latter
extending out into deeper water, end comtains several speoies of
Potomogeton end Utrisularis.

Pauna. »

The st11l

Four species of fish were observed in the brook: Selmo saler,
Salvelinus fontinalis, Anguills rostrars and Fundulus disphsmus.
Only ome speoimen of the last nemed was found and that ooourred in
the mouth where it and some of the lske oyprinids probably ascend
infrequently.

Eels are comparstively few in muber md were infrequently
observed., Four specimens were collected and an examination of the
brook et night (July 28) showed ten present. These were all under
twelve inches in length end were observed only in the lower pert
oOf the streem. There is probably some movement to and from the
lake during the course of the sumer since a trap set at the mouth
and effeotively blooking the entrance to the streem seoured several
1ndividusl

Brook trout were systematically removed by H. C. White snd
myself to prevent predation on the salmon frys Seining snd engling
were employed. The total mumbers of trout csught or observed in the

verious portions of the streem are as follows: Gravel section end
des 132; still-water 21.
Selmon fry ere concentrated in the grevel stretoh between the

elders and the mouth. Twenty-five were estimated to be present at
the end of July. Parr are well-distributed slong the course of the
stream as fer es the first still-weter and were counted by H. C.
White and myself on the might of September sevemth.
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Three salmon were reported by lir. White s spawning in the
lower gravel stretch last fall and the redds were exemined this
spring.

Auphibia, The mink frog (Rema septentrionslis) ocours abun-
dently in the lake at the mouth of the brook and in the lower
portion. Rama sylvatics end R, palustris were found in the woods
ealong the stream's edge, the former being comparatively rere, the
latter common; while the g}un frog (Rana clemitens) is well dis-

tributed along the whole course of the brook end is perticularly
sbundent in the still-waters where it breeds
oocasionally observed swimming in the brook.

The birds observed were typically those of the Cenadian zone,

Bufo smericans was

Predatory species detrimental to fish ere very few; bitterns ocour

ot the mouth of the brook while the great blue heron was observed

both at the mouth and a quarter of a mile upstream, The last two

species probsbly consmime some salmon and trout fry end lerger trout

near the mouth.
Smaller birds mentioned becsuse of their indirect effect on
the feuna of the streanm are: g

Red-eyed and solitary vireos. Yellow-bellied flycatcher.
Black-polled warbler. Olive-sided flyoatoher.
Blaok end white warbler. Wood peewee

Magnolis werbler. Winter wren

yrtle werbler, Ruby-orowned kinglet.

Blaok-throated green warbler.
Northern yellowthroat.
Redstart.

Alder flycatoher
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Insect feuns. Special ettention was devoted to the insects
of the brook during the summer. Different sectors of the streem
bed were periodically examined; imegos of various groups were
collected with & hend-net; and s series of cheese-cloth bags were
suspended over the stream in different localities far catohing
emerging adults. These nets were five in number, two feet in dis-
meter, and were arranged slong the streem es follows (vide map 2):
Net Ay. Grevel - shellow, shaded pool with a stony bottom.

Net Ap. Similer location a short distance upstream.
Net B. Cascades - small pool between riffles. Bottom of stones end
rook. Shaded. I

cades or rooky pessing into first still-water. Bottom
of stones covered with a deposition of silt. Exposed to full
sunlight.
Net Cz. First still-water. Bottom of soft silt. In full sunlight.
‘The nets were examined once s week or oftener es time permitted
and 1t is believed that they give a good indication of the stream
feuna except for wholly aquatic species and such forms ss live in
the riffles, e.g. simliids which only ocour on rocks in a fast
ourrent and lsrge tipulid larvee which osour in moss among the
riffles.
Collembols. Members of both suborders, Arthropleons end
‘Sumphypleona, were present in quiet waters throughout the lemgth
of the brook. Species of the former group were found ebundently
on the

urface of the weter during July end August while individuals

of the latter group were relatively scerc
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Ephemeroptera. Ephemerids were less common then the other
two dominant aquatic groups, Trichoptera dnd Plecopters. A few
individuals were obtained from the still-waters; but the most
sbundant species wes Stenonema, e farm adapted to fest water and
oourring in large mumbers under the stomes in the oa
was slso observed to & 1
The gre it emergence of this group occurred from July seven to
twenty-one (vide figure 1).

Odonsta. Species of Sympetrum end Boyeria occurred through-
out the length of the brook. Both these species were common in

des. It

r extent in the lower stony section.

the bog abaut the mouth and coursed back snd forth in the sunny
perts of the brook; they were also collected in numbers from the
first and second stills.

Boyeris nymphs were collected near the mouth, lower end upper
rooky parts and in the first still water and were ubiquitous in
distribution, ocourring wherever the current was slack.

Sympetrum nymphs were observed in the first still-water and
in the silty pool discherging into the lake.

Lestes and Enallagms were abundant forms about the mouth of
the brook end in the first still-water. Calopteryx was observed
on several cccasions in the lower roocky area and the rocky stresm
ebove the first still, compersble oecological habitats.

Plecoptera. Stonefly nymphs were the characteristic forms
found on the underside of stones in the rocky and cascades sections
Of he stream. Two species were observed: s small greem perlid
emerging during the month of June in large numers end sbsent
thereafter (vide figure 2); end & smll brown nemourid which
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found in the nets all sumer (A, B, C;), but emerged in maximum

mumbers during July (figures 3 and 4). This species is tolerant

of slow urrent end rather silty bottom for it was found frequently

in the net at the base of the first still (c“ where perlids were
nt (figure 4).

Species of this order were few in mumber.
Gerris ocourred throughout the length of the brook, colonies being

They are sotively

h of the pools end in the still-water:

1ous and individuals were seen attscking large tipulids

and other flies which were ceught on the surfece film end being

carried downstreem.
A few gorixid nymphs snd adults were coll
nesr the mouth and in the first still-water.
Goleoptera. Four spe of beetles were found in the brook.
These include members of the following families: Haliplidae,

Dytiscidae, Chrysomelidse, and Gyrinidae.
Haliplus. One speoimen wes colleoted from the first still-

in the pool

water.

Gyrinus. Larvee end sdults of this gemis occurred in abundsnce
in the still-waters, being observed about the mouth emd in the
first and second stills.

Donsois (Chrysomelidae). This beetle ocours commonly on the
leaves of the cowlily (Nymphses sdvena) neer the mouth and in
the still-waters.

A single specimen each of a small dytisoid lerva and adult
were found in the first still.
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Species of were - the most
sbundent members of this group bbtained in the fixed nets, ocourring
in sll parts of the streem but particularly in the lower pert of
the first still (figure 5). A small nusber of limnocphilid end
large phrygsneid imagos were ceught in the first still (net 0,)
and cases of limmophilid larvee were found attached to the under-
side of 1ily pads abaut the mouth of the brook.

Throughout the summer minute hydroptilids were ceught in all
the nets, ¢ particularly in the still-waters.

During June there was & small emergence of mollanids in the
lower rocky

otion. Eighteen specimens were secured from June

y to y e suell number.
Lepidoptera. Suall pyrelid moths { a group comtaining
species with aquatic larvee) were found on the 1ily pads about the

mouth of the brook.
Dy

Chironomidse.  This group is biologically most important
emong the squatic insects present in the brook. !Numercus species,
some of them microscopic in size were present in large mumbers
in all the nets throughout the summer (vide figures 6 end 7).
During July the stones in the brook were covered with silt cases
inhebited by chironomid larvee end in this month a large emergence
for the lower rocky section (July seven to twenty-one, fdgure 6.).
These flies were atundant, though to a lesser extent, in the cascades,
end were found commonly in the still-water nets during June, de-
oreasing greatly in mmbers during the rest of the swmer in this
location.
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Similiidee. Very few simliids were caught in the nets

since the: 1ty, placed in situstions uninhsbited
by larvae of this group. However, larvee were rresent in abundance

were, of neo

throughout the summer on the sirfece of stones in the riffl
1ittle falls of the o
Dolichopodidse. 4 totel of five individuals of this family
were ceught in net °1 et the lower part of the first still from the
latter part of June to the end of August, The group is conside:
o be of minor importance in the biology of the brook.
Tipulidae. The only species of this family csught in the
nets was o suall greenish species emerging in some sbundance in

end

des and lower rooky sections of the stream,

net 0 during late July aud esrly August end sbsent thereafter
(figure 8). A large tipulid larva wes collected frequently in
the thick moss which flourishes in the fast water of the oca

and several imagos were caught in this location.

Culicid imagos were collected throughout the length of the
brook in June snd July end they breed in the still-waters; but
none were found in the fixed nets.

Summary of In
It s consider

numbers, would afford a plentiful food supply for salmon fry;

and ere biologically very important, forming s they do the basis

Collembola are enother atundant group. Stoneflies

't Investigation.
that ohironomids, being very sbundant in

of a food ohai:

are next most numerous, perlids during the early part of the season,

s of various

nemourids the summer. o
species are abundantly distributed along the course of the brook;
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silken naun-‘:;-whwsd- are present in ell the suitsble niches
on the surfaces of the stones; and the sandy oylindrical cases of
enother species are often conglomersted together on the surface
of the rocks. Ephemerids sre most sbundant in the faster water
where they view with the stoneflies in number.

Other invertebrat:

Plenaria sp. is sbundent on the undersurface of stones in
the rocky and cascedes sections. A few leeches and ennelids were
observed in the lower pert of the streem. Hysllela dentsta occurs

1in the still-water as well es e small fauna of plankton, ostracods

and copepods. A fresh-water sponge which grows sbundantly in Mill
lake 8130 occurs in the still-waters and slower portions of the
streem.

Tempersture.

A thermograph was left in the lower rocky section of the
streem & short distence below the cascedes (vide mep 2) from
July eight to August twenty-eight. The maximum veriation in
temperature for this period wes from 73.0°F.(22.8°C) on July eight,
3 p.m. to 53.0°F.(11.6°C) on July eight, 5 .m. The water is
coldest from 5 to 7 e.m. when the curve flattens out, beginning
to rise agein at 8 a.m. and reaching a pesk 8t 2 to 3 p.m. when
1t drops sgein (of. thermograph records at end of report).

4 series of temperstures teken on July twenty-nine every
(68 feet) along the length of the brook during the peak

30 pao
of the day revesls a marked lowering of the tempersture

the water

passes down the cascades (figure 9,curve I, and table 1). As the
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weter passes from the shaded stresm above the first still into
. In passing down

the sunlit still-water 1t becomes heated 4.5°
the sheded cascades it drops 6°C. until, in the lower rocky stretch,
the tempersture becomes fairly constent at 18°C. Agein, on leav-
ing the shade of the trees and entering the open, sumlit bog, it
).

becomes heated greduslly to leke temperature (26.0°
There are springs slong the course of the brook discharging
both through side-rills and through the gravel bed of the stream
itself. That they have some local effect on the temperature is
shown by curve I, figure 9, where some of the marked depressions
in the curve may be correlsted with visible springs. But there is
snother factor involved, probably cooling of the water by evaporation
@s it passes over the many smsll fells of the cascade region.
Graph II, figure 9, shows & similar series of temperatures
taken on August fifteen st 5.30 to 6.30 a.m, when the temperature
of the stream 1s at its lowest. The temperature throughout the
length of the brook is fairly even, 1°C. higher in the still-water

then in the rest of the stream.



In sn sttempt to evaluate the relative effect of wunlight
and shede on the temperature of the brook, detalled temperatures
were taken over a small section of the stream cn both sides in
the lower rocky region. These are plotted in figure 10. One
visible spring discharges into this section of the brook on the
south side end its effect is shown in curve II where there is &
depression at this point. No cooling ocourred on the north side here.

A small correlation cen be seen between the amount of sunlisht

and the temperature of the brook, the water becoming warmer after
passing through lighted sreas, snd cooling after passing through
o shaded region. The brook also tends to be warmer on one side

when that side is illumineted and the other side shaded by over-
hanging vegetation.

Summary of tempersture.

The portion of the brook most acoessible and suitable for
fry planting lies below the first still-water. The maximun temper-
ature veriation for this region during the swmer months (based
on theruograph records end isolated readings) is celoulsted to be
3040°C to 12.5°C for water leaving the still end entering the
upper rocky stretoh; 22.8°C to 11.6°C at the foot of the cescades;
end 20.0°C to 12.0°C in the lower rooky stretoh near the mouth.
None of these temperatures are lethal for salmon fry and but few
were planted immedistely below the first still where the water

1s warnest.
The st1ll, fully exposed to the sunlight, becomes heated
during the dey end forms s reserve of warm water which elevates
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the temperature of the lower part of the stresm particularly
during the day, $o & small extent at night. Cooling of the
water as it passes tirough the casoades and rooky sections is
probably due largely to evaporstion; s small initisl cooling mey
be due to irredistion when the water first leaves the still and
enters the shaded portion with lower air temperature.
Colour of the waters

Goldmine brook drains coniferous woodland end sphagmum
bog and pas: os through two still-waters with thick silty bottoms
where there is a considersble deposition of organic sediment. There
are slso exposed ferruginous rocks along its course. The bog water
in the second still is deep brown in colour, becoming lighter in
shade as it passes through the first still and quite olear in the
lower part of the stream. It never entirely loses its colour.

A series of water sauples were taken from the brook on Augast

eighteen from the mouth to the head of the first still and the
showed, with two exceptions, a graded change in colour intensity.
derkest in colour in the rocky rill sbove the first
ingly lighter as it passed through the still,
It wes alwost clear in

The water we

8111 end became inery

the upper rocky stresa snd the cascade:
the gravel streteh outside the alders but after passing through the
811ty pool 1ts into the lake it

sgein beoane darker.
This oolour is due to organic matter resulting fram vegetal
on; end 1t is from field thet

iron oxides carried to the surfa
precipiteted and add nothing to the colour of the streem.

by spring seepage are soon
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Water levels.

A record wes kept of the weter level 1A a pool in the
lower pert of the streem during the month of August. The water
veried ome and one-half inches in height during this period,
rising repidly after each rain. Owing to a particularly dry
sumer thé water level was very low snd left two-thirds of the
stream bed exposed in the lbwer part of the brook.

Sumary.

In order to form s background for saluon fry planting
experiments an oecological survey of Golduine brook wes made
Quring the summer of 1939. Temperature and other physical
conditions, &

the feuna and flors were studied. Special attention
wes devoted to the aquatic insects since they constitute the food
of the young selmon. An sttempt hes been made to evaluste some

of the factors insofar as they affect this species of fish.




Table 1,
Water temperatures of Goldmine brook, taken every 68'.

July 26, 1.45 to 3.35 p.m. Sky clear. Air temp., 2 p.m. 21.2°C.
Temp. Remarks. Temp. Remarks.

B Mok o meaky stresn 1870

28.8 TUpper st1ll

77 from
26:2 Same position, 1
A st'hl! discharges

28, Shiing, 1750

shore

Mouth of a spring 14.9°C

Mouth of a spring, 16.4°C

27., Lower s

Vo Open b
26. Beginning of upper rocky Tengerature ot

mouth
Lake temperature ot the
nouth.

23. Upper cascades

21. Foot of cescades
20, The rmograph ppol




Teble 2.

ter Temperatures of Goldmine Brook.
15 August, 5.23 0 6.30 a.m. Sky clesr. Alr temperature 10.0°C.

Temperatures taken every 30 paces (68 feet) downstre:

Temperature  Remarks. Temperature  Remarks.
J0 Bosky stremm. 15.9°C  Outlet of spring
1 11 water 14.9°C
A O e 0400 138
Outlet of spring 13.4°C 137
57 Outlet of spring
15.0°C

Outlet of spring
15.0°C

B“:‘:};‘ Fei Nouth of Yhe brook
M ol
temperature
I fot fram the
mout]




Table 3.

Water temperatures of Goldmine brook, Lower rocky
August 7, 2,45 t0 3,35 p.u. Partly cloudy. hn?m
16.5 feet) down

end south sides taken every 5 paces (
Torth Side South Side
Temperature  Remarks Temperature  Remarks
0,8°C, Deep shade is

h 0.

& 0.

4 0.

-

Dee)
B mil smaliens

lun e
Full sunlight



Goldmine Brook, Poser rivav, ALS. 1232
n.’,...,,,,y r'cardr ;
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Figure 12. Goldmine brook. Grevel section,
pessing through open peat bog.



Goldmine brook. Lower stony section.



Figire 16. Goldmine brook. Upper pert of caseades.






Appendix 1.
List of plents collected at Moser river and vicinity.
Leontodon sutumnslis. Moser r., fields. Aug , 10. In flower.
Osmunde Claytonisns. Goldmine b. Aug. 30. Woods.

0. sinnamonea. Goldmine b. Aug. 30. Woods.

Onoclea sensibili

Goldmine b. Aug. 30. Woods and bog.
Phegopteris mll!ndioll- + Goldmine b. Aug. 30. Woods.
Polypodiun yulgsre. Goldmine b. Aug. 30. Woods.

Aspidium Thelypteris. Coldmine b. Aug. 30. Wet woods
Aspidium spimulosum. Goldmine b. Aug. 30. Woods

Dicksonia punctilobula. Mill lake. July 17. Woods end fields
Osminda regalis. Moser r. benks. Aug. 15.

Pteris aquilins. Moser r. July 20. Woods and clesrings.
Aspidium noveboraense. Goldmine b. Aug. 30.Woods.

Kelmis polifolia. Goldmine b. 26 Jume. Bogland. In flower.
Galls palustris. West bremoh. June 26. Mar
Cypripediun Goldmine b. Jume 26. Bog. In flower.
Euphorbis polygonifolia. Helibut is. June 25. In flower. Rooks.
Vacointun Oxycoocus. Hill lake. Jyne 26. Bog.

Andromeds gleucophylla. Mill lake. 28 June. Bog. In flower.
Epigees repens. loser r. Sept. 6. Woods.

Chiogenss hispidula. July 7. Goldmine b. Woods, moist ground.

In flower.

Linnaes boreslis. July 7. Goldmine b. Woods. In flower.

Ledun greonlandicum. #ill lake. June 28. Bog. In flower.
Aralis nudicsulis. July 7 . Goldmine b. In flower. Woods. °

Chamsedephne culyculat:
Myrica gale. Goldmine b. July 7 Moist benks.

4111 lake. July 7. Bog.



Appendix I. (contimed): \

Drosers rotundifolis. Ooldmine b. July 7 kioist woods. In flower.
D. longifolis. M1ll lake. July 7. Bog. In flower.

Ericcsulon articulstum. Goldmine b. end Moser r. July 14. In flower.
Lobelis Dortmenna. Goldmine b. July 14. In water.

Utriculsris intermed: Goldmine b. July 14. Water end bog.
Nynphaes sdvems. Mill lske. July 14. In shallow water; flowering.

Cestalia odorats. ioose heed. Sept. 9. In flower. Pond.

Utrieularie ris ver. emericans. Mill lske. July l4.

Poatederia cordata. Mill lake. July 14.
Calypogon pulohella. Mill lake, July 14. In flower.

Necum Teuch. July 23. In flowes.
Sarracenia purpurea Mill lake. July 14. Peet bog. In flower.
MNymphoides lacunosum. Moser r. July 15. In flower.
Hebensria clavellate. Mill lake. Aug. 7. In flower.
E. la Mill lake. Aug. 7. In flower.
Aster nemorelis. Mill lake. Aug. 7. Peat bog. In flower.
iniun Vitis-Idees. Neoum Teuch. Aug. 27T. In fruit. On rocks.
Lysimachis terrestris. Mill leke. Aug. 7. Sog. In flower.
Utricularis purpurea. }Mill leke. Aug. 18. In flower.

U. cornuta. Mill leke. Aug. 18. Bog. In flower.
Sagitteris latifol: M1l leke. July 31. In flower.
Xyris montems. Mill lake. July 31. Bog. In flower.
Hypericum elliptiocum. Mill lske. July 31. Bog. In flower.
Menyanthes trifol:
Geleopsis tetrahit. Moser r. Aug. 8.

Spirenthes secunds. Mill leke. Aug. 2. Dry fields. In flower.
S. Romenzoffiana. '_hlil is. Aug. 21. In flower.

« Eoum Seoum. July 31. Bog. In flower.




Appendix I (contimued):
Habensris obtusata

Renunculus repen:
R. flammle var. reptens. Moser r. banks. Aug. 23. In flower.

Wnite is. Aug. 21. In flower.

Moser r. banks. Aug. 23. In flower.

Appendix II.
Stouach analysis of aine elvers.

Collected at the M1ll lake brook dam. 29 Jume, 11 &

Length Food content Peroentage.
1. 5.5 ea. Chironomid larva. - 1 8ok
Stamuliid larvas - 1 20
2. 6.7 om. Chirononid larvae - 4 100
3. 5.5 om. Chironouid larwa = 1 100
4. 5.8 om. Expty
5. 5.4 cm. Chironomid larva -1 100
6. 5.5 om. Chironouid lervae - 6 70
Similiid larvae -7 30
7. 546 om. Chironomid larvae - 2 100
8. 5.6 om. Chironomid larve = 1 100
9¢ 6.8 om. Simliid larver -1 50
Quartz pevble -1 50



ATLANTIC SALMON AND TROUT INVESTIGATIONS 1939,

Report No, XI. Teport on the
of Moser River, Nova Scotia.

By H. C. Wnite

Previous investigations on

Mavgaree river, N. 5. have

shown that gontrel of the fish-eating birds may save from destruetion
large mumbers of salmon end trout, In other aress similar te the
Margaree river where salmon and trout are the dominanmt fishes im
f1o0d-swept streans whish are spesislly subjest to dird attack,
bird eontrol may be -

part of fish
However, on streaus with lerge areas of sluggish water =

aquatie
vegetation and with mmercus species of fishes, comsidersble investi-
gations on the interrelationships of the various specics of fishes
and on the feeding habits of the birds would be required before amy
conolusions regarding the economic status of the fish-eating birds
Would be justified, Moser river, Nova.Scotia, like other streams
of the scuth-sast shore is om of the lstter type.

This past sunmer (1939) our observations were largely confined
o the lower part of the river and only a few trips were made to any
of the uppor parts. Most species of fish-eating birds are scarce
nd few opportunities were offered for a study of

Kingfishors (Megsceryle eloyom)
Kingfishers are searce in the Voser river ares as they are
along much of the south slore. There w:

probably at any one time



throughout the summer not more than two kingfisiors on the lower
Part of the river. No mests or mesting sit e found on the
river and this sbsence of suitable nesting sites undoubtedly accounts
for their seareity. During iugust o single kingfisher begen
feeding in the vieinity of the fish traps and 1t was observed many
times, Apparently it was feeding aluost exclusively upon young
( which often congregated in

Brout nusbers above the welirs wiere we obssrved it striking repeat-
edly into the sehools,
Americen (Mergus

During the latter pert of April aid early May a few American
mergansers, locally called "guzerds” were seem feeding in the upper
pert of the estuary, Later these disappeered and nome was seen on
the lower part of the river until late in August, In the fall &
szall flook of about fifteen fed along tae lower mile of the river.
Residents state that "guzards” are coumon throughout the winter
feeding wherever there is open water.

The river has areas resembling the flood-swept streass whcre

elsewhere we have fourd American merganseTs Teerim thelr young. The
nearest approach to these condifions on the Moser is found on North
‘brook which is the best salmon rearing spewning area we have found
on the river. During a survey of this branch in August 1938, we
found there & flock of well-grown young mergansers. We did not
examine this stream during the summer of 1939 but lusbermen working
in the vieinity reported that mergansers were on the stream throughe

out the summer.



On Septesber 2, we found at the Salmon Hole, a long stillwater
Just below the mouth of North brook, a flock of twenty-one American
mergansers. These ducks which were well g own but still uneble to
fly were actively feeding at the time they were observed. Thirteen
of these were killed and their stamechs were preserved for food
analy:

On the Margaree river we found thet the American merganser
often reared their young on the smaller tributery streams and the

Young as they matured extended their feeding range to the mainm river.
this fleek of at the Salmon Hole were young
which had been reared on North brook end its tributery, Sast brook.

Om Ootober 7th two mergansers were shot from a flock of some
15 found feeding in the river just above the head of tide, The
food analyses of these and also the ducks killed on September 2
are given in an accompanying tedble.

ZTood.

The food taken by the mergansers in the Salmon ole is fairly
representative of the fishes whieh we would expeet to be found in
that part of the stream, The food imcluded three salmon parr
(3. sslar), 3 trout (3. fontinalis), 4 horned dace (Semotilus

» 3 fry ( ' 2
Ki111fish (Fundulus )y 1 (
and 11 suokers (Catostomus sommersonii). Hoth in mumbers taken
and in voluse suckers comstituted their main food. Suckers found in

their gullets ranged up to 17 ems. in length. Horned dace of whiech
4 were teken rated second in gumbers but their total volune was small,

Trout were second in volume since two of the three trout found were



e

Mergansers shot at Salmon Hole, September 2, 1939



@t least 18 and 23 oms. respectively, Seales from these fish
siowed that they had returned from the ses. The third trout was
@ fingerling. The three salion parr all showing thee sumers'
growth were third in volume. Other fishes found were of minor
iaportence. Sones of ome amphibian evidently leg bemes of a frog
were found in one gizsard. This is the first time in our numerous
analyses of mergansers' stomaohs that we heve found the remaims of
@ frog.  Thls may be acoounted far by the faet that our ether
specinens of mergensers have mearly all been from waters having no
marginai vegetation.

The two mergansers shot on Uotober 7th on the lower part of
the stresn each a mass of ena

these were mostly macerated. Eitner Cuck contaimed a volune
Topreseniing upwards of 100 fry. These ducks were feeding in fast
water during the downwerd migration of young gasperesu,

The analyses of the food of the mergansers shot om the
Margaree show that they were utilizing the available food fishes.
The emslyses 4o mot give any comprehensive pieture of the feeding
hebits of these birds throughout the seesom or over much of the
river systes since only two localities and twe detes ure repros
However, 1t is warth noting that they had taken agile gmue fishes
although there were othor fishes present, The other fishes teken
by the ducks were not voracious fishes and mey be considered as
forage fishes for the salmon and trout, Sucker fry in particular
stitute in some localities an important part

tede

have boen found to
of the food of salmon parr and the ssaller trouts




Red Breasted tdergus tar)

Ho rea-b o vere

on the Moser river

+ Only one was seen in the vieinity and that ome at Smith
brook some four miles from loser river, The wardems of Liscoube
Gene Fre

Tve report that there aro many mergansers rearcd on the
head weter lakes of Loser river and it is probble that some of
those are red-dreasted mergansers.

Soldeneyes  (Glaucionetta elanguli)

Goldeneyes which are locally known on the Moser river as
"ple ducks" are said to be winter residants on the open parts of
the river. On the Margeres river es were found to feed
upon young selmom but mo specimens from koser river have beem
secured for stomech analyses.

Grest Blue flerons  (Ardes horodiss)

Great 5Slue Herons fed along the estuary throughout the season.
‘They were cbserved on Millbrook seversl times during the summer and

were found also up the main river, Like conditions observed on the
Margaree river, their distribution was found to be more general after
mid-August when the broods of the yeer had left the mests. As has
‘been our repeated observations elsewhere this bird appears to show

@ preference for trout, This however does not spply te the young
birds when they are begimning to forage &s at that time they are
fairly omniverous and appesr to feed upon any aveilsble vertebrates

or insects,




Although many species of fishes were present in the estuary and
ot least the gasperesu were very abundent, & musber of the trout teken
on their return from the estusry siowed fresh sosrs mde by herons.
Similer observations were made at the Margaree river. leroms were
repeatedly observed feeding in a still water on Mill brook which was
a favorite place for trout snd also on the main river at the upper
end of the salmon hole.

In Johnny Smith lske, menure splashes of herons indiceted inten=
sive fishing by these birds at one spot along the lake where the only
0001 water rivulet entered the lake. This place was evidently &
oongregating place for trout et night.

One young heron fed regularly during the later part of the summer
Just ebove the rack on the main river. The point at which it fed had
been o congregating place also for eels which were feeding on the
gasperean fry but after the heron had been feeding there for some
weeks the eels largely dissppeared.

only one great blue heron was taken st Moser river for stomach
snslysis. This was s young bird shot on Sept. 4th some,miles up the
the river. Its stomach 3 y-of-th 4 2 killte
fish (E. disphenus), 7 very smell eels, 1 small sucker and 1 salmon
perr. The parr was s 2-winter fish about 12 om. lomg which by bulk
was the dominant food. The finding of 7 elvers in the stomach of this
bird raises s new question in connestion with the ecomomic stetus of
the herons on these wate:

Kels sre kuown to e

young selmon and trout end also
competitors for the food of these fishes. Thus if herons sre destroy=

ing any considersble number of eels they may be compensating for the



trout end sslmon which they themselves destroy. The status of the
great blue heron on the Moser river can be determined only after we
have o thorough knowledge of the interrelstionships of the trout,
selaon, eel and heron.

Qsprey (Pendion haliseetus)

Ospreys fed regulerly slong the Moser through the sumer, They
began feeding in the estuery snd the lower pert of Mill lake early in
May end contimnued feeding in the river umtil the first of September.
At least three peirs carried fish from the lower pert of the Moser
to their nests. We observed these ospreys meny times with fish end
when identifications were possible the fish identified were suckers

or gasperesux.

They undoubdtedly kill trout during the run of sea trout end also
en occssional grilse. During the trepping of the fish both grilse
eand trout were taken with osprey wounds in their backe snd several
such dead or dying trout lodged on the recks.

Besides feeding in the river end estusry they also do consider-
sble feeding along the seashore in the shallow bdays.

Foirly socurate observations on their feeding habits in the
Moser river could be msde with the aid of high-power binoculars.
Oulls (Lerus srgentetus)

Herring @ills fed regulerly throughout the sumeriin the lower
part of the river. Their food consists largely of gesperesux, especie
ally wounded and spewned fish. They ste also any other fish which
died. We found no evidence on the Moser thet they were feeding
upon eny healthy fish. However, on the nearby Smith brook where




there 1s o large run of spawning melts great flocks of mlls
congregate there and feed upon the spawning smelts. There they
undoubtedly destroy vast mumbers of the smelts.

Bitterns (Jotsurus lentiginosus)

Bitterns are rare along the Moser. An occasional one was seen
slong i1l lake. They were not sbundant enough to be of sny signi-
ficance.

Conolusions

Aneriosn mergensers and great blue herons are the only birds
on the lover pert of the Moser river which, st this writing, appesr
%o have any considersble economic bearing on the fishes of the river.
Considerable study of the £0od of both of these species as well as &
thorough or
fishes should be made before drawing eny conclusions as to the econo-
nic stetus of either of these birds.

e of the

H.C. White,
Teronto, Mareh, 1940.
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ATLANTIC SALMON AND TROUT INVESTIGATIONS 1939

Report No. XII. Saluon redds and fry produstion of Moser river, N.Ss
By H. C. White

Our investigations on the salmon et Apple river and st the Northe
east Margaree river had shown that in these flood-swept streams with
large areas of clean gravel salmon fry vere sbundent and the most im-
portent losses of the young fish oocurred among the yeerling and older
parr.

The Moser river, on the south shore of Nova Scotis, 1s & stream
Which is not flood-swept and clean gravel ereas are very limited. Our
first there 1n 1938 o scareity of both fry and
older parr 8o in the fall of that year we began investigations on the
spawning of the selmon in an effort to determine the causes of the
fry scareity.

After the salmon hed spewned surveys were made of the spawning
aress on the lower part of the river, and om Mill and North brooks.
It wes found thet the selmon had utilized various types of gravel
for the making of their redds end many of them sppeared to be very
unsuitable for the incubation of the eggs. Some of the pleces which
seemed the least desireble were on the lower parts of the main river
below Osk island where s mumber of redds had been mde in gravel which
wes partly covered with the bark from pulp wood. In the making of
their redds the sslmon had dislodged the pulp bark when forming the
exoavation, but when covering the eggs they had weshed over them
pieces of bark and detritus mixed with the gravel.




At the lower ends of the stillwaters there are areas of fine
gravel mixed with fine sand end detritus and on both the river end
Mi11 brook the sslmon had spewned in these aress. The current in
such places is too weak o sepsrate the fine meterisl fros the gravel
ond when the salmon cover their eggs the fine miterial settles into
the pookets containing the eggs end outs off their water supply.

A% the lower end of Salmon Hole "still" there were 15 redds of this
type. They represented some of the most unfavoursble places which
had been used by the salmon.

In the lower pert of the river the gravel aress are not extensive
and the gravel contsins mich sands All Of these arees were utilized
by the salmon for meking their redds.

North brook seemed to be ome of the most satisfactory spawning
aress on the river and many redds were found in the lower half miles
East brook whish empties into North brook appesred to be muslly satise
factory and had muserous redds in the lower part.

A more complete survey of the spewning srces of Mill brook was
miade. Tour redds only were found on this brook below the outlet of
Johnny Smith lske brock. Two of these were in fairly mod eravel mt
two were ot the foot of the stillwater in o very unsatisfootory loca-
tiom. At the uoper end of the stillwater were some nine redds. A
fairly setisfectory spewsing eres is located fust above Second leke
where the streem channel is narrowed by the enoroachment of slders
and the gravel is cleaner than in other sress. This pert is scsrely
10 rods in length but in 1938 it comtained 10 or 12 separate redds.
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Tor about s half mile sbove this there are scattered gravel area:
some of which coatain mueh
by the salmons

Johnny Smith leke breok is smell end there are only limit
spewning aress. The gravel of these contained mich fine and cosrse
send but little detritus. There were in 1938, 17 re mede by
grilse in this stream, In the lower pert of Coldmine brook which
empties into Mill lske there were 3 small redds evidently those of
smsll grilse. These redds were in fairly clean gravel snd appeared
to be sstisfaetory. During the survey of 1938 the exast locations
of & number of redds were noted s thet they could be located for
observation in the spring of 1939.
Successive redds

On May 17, 1939, two salmon redds on the lower river above the
mouth of Mill brook were opemed. One lsrge redd, the location of
which had been marked the previcus fall, had changed but slightly in
shape Quring the winter. This was carefully opened. Aibout three
inohes 4n the gravel s desd salmon alevin was found. At depths from
6 %0 10 in. we found slevins sbundant snd the redd

» yet most of them had been used

carefully
covered and not further disturbed. A second smell redd wes partly
opened end slevins were found at a depth of 4 to 6 im. Noth of these
redds contained mich send with the gravel se well as considerable
detritus whieh was pertly u-:oru of broken down pulp berk.

On June 6 when fry were beginaing to emerge from the redds
on the lower parts of the river a further examination of the redds
there was made, Many of the redds which had not been marked the

previous fall were easily recognized. At this time en ooccesional

fry was found out of the redds snd these were dark in eoler. In



several redds s very few 1ight coloured fry were und in the upper
layers of the gravel where they should have been ot thet stege but

st the botton of the redds among the larger stones of the egg pooket
there were many fry which were slm light in colour end were assooiated
in the ege pocket with the dead an. u-";-lna egss. Apparently

these fry were unsble to eseape from the egg pooket on socount of

the fine material vhich filled the interstices of the gravel.

At the loser end of the Salmon hole where the gravel is fine
and mixed with sand and detritus, the bottom is largely covered with
aquatic plents especially Soirpius but the selaon had torn these out
in the making Qf their redds. A search snd seining of this ares was
made bt only e oesasionsl fry wald be found cut of the redds
Seversl of the redds were opened by cerefully removing the top layers
of the gravel o few inches et @ time and washing it so that sll the
lighter meterisl was oarried by the current into @ fine-meshed seine.
Only @ few fry were found in the gravel above the egg pookets. In
two shovelsful from the bottom of one redd inoluding part of the
gravel and sand from the egg pocket 50 desd eggs and 12 fry were found.
Most of the eggs were not badly deccmposed and the desd embryos,
especislly their eyes, could be resdily seen. This sres with a slow
ourrent mnd fine gravel mixed with
poorest hatohing aress which we found. It appeared that here most of
the embryos had died vhen they had reached an advanced stage. The
a
s11t. The fry whieh hed menaged to hetoh snd reach the stege when
they should emerge were evidently entombed with the dead eges in
the egg pookets.

Above the Selmon hole there is & fairly swift rapids with s
cosrse gravel bottom end 12 redds had been locsted there. Since

nd snd s1lt wes one of the

death of these was prodably csused by suffocstion in the ssnd
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the previous fall these had been partly levelled by the freshets and
1in these we found many of the fry in the uppermost inch or two of the
gravel, It is possible thet freshets may perform an importent funetion
1in the liveration of the fry.

In North brook which we have
the lower river the fry at this time had not yet sbsorbed their yolk-
sacs, yet many of them were in the upper lsyers of the redds.

Similer observations were made on the spswning areas of Mill brook
and they like some of those of the river lacked sufficient ourrent snd
contained too mich sand, silt and detritus. Some of the best spewning
aress of Mill brook were on Johnny Smith lake brook, but even the
contained too mich fine gravel end we fund fry entombed in the redds.

As 8 whole the Noser river lacks suitsble spswning areas and this
deficiency may in large part be the resson for the
of salmon fry end perre
Remedia) Messr

The deficiency might be ciroumvented by the planting of ertifieislly
hatehed fry, the placing of srtificislly fertilized eggs in specially
prepared beds or by ng the vy the naturel
spawning beds so that matural spawning might be more effioient.

o of these methods were sttempted experimentelly this past fall
(1939). During the run of sslmon several ripe fish were taken snd the
eges were artifiolally fertilized. These vere immedistely deposited
1n prepsred beds. The beds were mode by forming a barrier of small
bohlders for about three feet across the rapids where the current was
not too fasts AbOVe this berrier e leyer of gravel which had been
washed over @ quarter of en inch meshed soreen was banked sgainst the

1led the best spewning sres of
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upstrean side of the stome barrier. The eggs were put into &
container and submerged over the gravel and were then libderated
into the gravel. They

ppe: into the
A deep layer of clean gravel was then spread over this and finslly
some larger stones were added to uake it more resistent to the ourremt.
In several of the beds eg:s were plased in soreen containers filled
with grevel and these were placed in the beds. The objeot of the
container was to meke them more svailsble for exsmination.

Two types of gravel beds were prepared for the salmon to use
s sites for their redds. One of these was msde by placing perallel
rows of boulders up and down the stream about two feet apart and
thoroughly washing the grevel between the rows.

The other type w

made similer to the srtificiel redds
desorived above. lNo ssluon used the first type but the second type
was readily sccepted by the seluom for the meking of their redds.
The sdvanteges of this latter construction sre that the salmon have
clesn grevel in which to deposit their oges where there is a good
oireulation of water through the gravel end the interstices are
sufficiently large for the fry to escape. Moreover since th
artificial beds sre raised somewhst sbove the stresm ded there is
1ittle danger of their becoming silted. Their disadventages might
be from freezing during the winter. However on the Moser river

there appears to be little likelihood of loss from this couse.
wiat of kggs.

While examining the redds fn the fall of 1938 we had noted that
some of the redds were in very shellow water. On Nove 15 after the
first severe frost the water in the river beceme fairly low snd the
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tops of some of the redds were sbove the water level but the eges
were in water dovn in the redd. Ve photographed one redd which

projected most ond in which we thought the eges were most likely
killed by freezing or destroyed by ise (Fig. 1). On June 6
this redd was opened and more fry were found ebove the egg pooket

to

then in sny other redd exsmined in the lower part of the river.
Sin
when covering the egas hed washed most of the finer materisls from

this redd had been located in shallow fast water the salmon

the grevel, thus making better conditions for the escape of the fry
from the egg pocket,

It 1s quite evident that there is little freezing of the bottem
of the rapids in the shellower perts of the ioser. Nost of the
bottom 1s fairly well carpeted with aquatic plants and these show
no evidence of winter killing. lMoreover we found few places where
16e had 1ifted the bottom during the winter or spring freshe® and
many of the salmon redds were found to have been but slightly
sltered during the winter. Thus sny serious losses from the free-
zing of eggs such as has been resarded for other rivers apparently
does not ecour in the lioser.

Mumber of matural redds in 1938-39.

In meking counts of neturel ssluon redds we have counted only
overed redds end heve not taken into considerstion mumerous unfine
ished redds. Covered redds are those where egg pookets have been
made, eggs deposited and then covered with gravel. Considerable
femiliarity with redd construction is nece
guish covered redds from plac
but not used. The gravel removed when the

ary in order to distine

here egg poekets have been made
lmon is making en
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©gg pocket resembles s covered redd, but it is merely piled back
over the surface grevel. hen in doudbt the difference mey be
found by digging down at the point where the egg pocket should be
ond looking for eges. This should not be followed as a practice
s many egs may be destroyed by disturbing them curing the tender
stege.

In November, 1938, counts of covered redds were made on perts
of the river, but speoial attention wes given to the mumber in Mill
brock. Exsminetions of the spawning aress were made also on North
brook end East brook. In 1939 agein after the selmon had completed
their spewning another srvey of the spawning sreas mas made end
+ A camperison of these

the redds were counted over the seme ar:
indicative of the sizes of the

results in these two yesrs may
Tuns of selumon for the two yeers. In the following table the
number of redds in the two yesrs sre given.

Place Number of Redds
1938 1939
Below Selmon lNole 15 z River
Islend sbove Selmon Hole 12
M1l brook Mill lake st still 2 0
Foot of Stillwater 2 0
Below Seeond leke 3 1 Mi1) breok
Abcve Second lake 4 20
Johnny Smith lake brook 17 14

Totels N 46
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From the counts in the definite spewning eress in the two years
1% would sppear that there wes twice 8s meny spewners in 1938 es in
1939, However as esch female .].-n/-.kn @ nusber of redds and dif-
ferent salmon use the same redd these numbers osnnot be regarded s
although 1t may fairly sefely be stated that meny sore sslmon |

spewned in 1938 then in 1939. No couats of md-;.-ru in North nd Rest
brooks in either year, but in both years we judged that these better
spewning ereas had been well utilized by the salimon. In the lower part
of the main river where the areas are comparatively poor, i.e. between
the mouth of Mill brook and Osk islend, we judged that there were not
more then helf s meny redds s in 1938. Sinee North and Xast brooks
which contain the best spawning areas had been fairly well utilized in
both years and the poorest spawning areas were those where the greatest
unr-unp ocourred, fry resulting from the spawning in the two yeers
might tend to become equalized.
Size of Salmon Redds

One hundred and fourteen redds were meCasured for lemgth snd
breadth, There was a noticesble difference in the sizes and shapes
of the redds in the different habditats. In the small Johmny Smith
lake brook the redds were very small, containing only ome or two distinet
egg pockets. These redds renged in size from 2 %o 4 feet in length with
bresdth from 1.5 to 2 ft. and averaged 2.86 to 1.75 ft.

North brook redds renged from 4 to 6.5 ft. in length and 2 to 3
8. in width averaging 5.2 by 2.50 ft. However in North brook a very
unusuel redd wes found measuring 13 ft. in length but 2.5 ft. in widshe
This wes probably a redd made by seversl selmon and has not been inelu=
ded 1in our caloulations.




In the river below Osk island, redds ranged from 3,5 to 11 ft.
in length and from 2 to 65 ft. in length and svereged 5.8 to 3 rt.

These redds show o rather definite relation to the sizes of the
streams in which they occur. Very smsll redds were found in the small
Johuny Smith lake brook, medium sized redds in the lerger North brook
and the lergest redds in the river, There was some indication that
the smaller fish were using the smeller stresus, In Johnny Saith lake
brock during the spawning of the saluon only the sumller grilse were
found,

We attempted to correlate the size of the redds with the sizes of
the eges since grilse produce sasller eggs than the lsrger saluon. Four'
redds opened in Johnny Smith lske brook yielded eggs renging from 5.4
to 5.7 mm, 4 large redd in the river measuring 7 by 3 ft. contained
eggs measuring 5.4 mu, However the largest redd found on the North
brook contained egee aversging 6,2 mm,  Since
$inguish large compound redds from lerge single redds eny individual
measurements are not particularly significant, A considersble muber
of egg measurements would have to be teken to arrive at sny conolusiom
by this method. However large salmon do make redds mich larger then
the grilse snd the redd meesurements indicate thet most of the larger
fish spawned in the larger waters. :

were unsble to dis-

Ha C. Wnite
Taronto, Mereh 1940
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beat redds opened oa Jue 6,
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Report No. XIII. Nove Scotis resords of stoneflies, Geldaine
brook, 1939.
By Ju Ae C. Nicol.

lMoser Aivey, Mill Leke, N. S.

Alloperls medians (Bks.)

Lower stony section: Jume 19, 6¢', 793 June 22, 26,19,
1 Nj June 26, 78", 79} June 29, &
Hastoperls brevis (mks.)

Lower stoay seetion: June 22, 108", 102 ; June 2687 , 2 %3
July 9, 18 June 19, 157,

Cascades: June 23, 547, 13 ¥.
Leuctra deoepta (Clsm.)

Lower stony seetion: Aug. 3, 1d.

Casoades: July 19, 175+

Lower stillwater: July 19, 157
Leuotrs hemula (Clsn.)

Lower stony sestion: iy 6, 1y June 26, 1€,
Leuetra tenuis (Pietet)

Lower stony seetion: July 29, 16, 795 sug. 3, 147

Casoades: July 19, 34s July 29, 157, 19; sue. 8, 36, 4%,

Lower still weter: July 19, 4¢3 Juy 29, 26} 2 €.
Nemoura wui (Clsn.)

Lower cascedes: June 19, 2N; June 30, 167, 2%.

Lower stony section: June 26, 267 July 6, 6, 1%, 1.
Leuotra sp.  July, Cascedes 26 (nymphs)
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Report No. XIV. Comparative chemistry of the waters of Moser river.

By A. G. Huntsman

When Moser river, Nova Seotis was selected in 1938 for intensive
saluon investigations, it was expeoted that it would furnish varied
conditions representative of the waters of the Maritime provinces, and
in particulsr of the contrasted inner and outer parts of Nova Scotia.
The oriterion used was the nature of the vegetation, the draimage basin
of the river having herdwood hills as well ss meadows, bogs, half-
barrens and barrens. Undoubtedly the streaus of the river system vary
1in cheracter from sluggish or stillwater types through sandy or gravelly
ones (resgmbling good seluon rivers of the inner pert of the provisee)
to stony and rooky types. There remained to be deternined the character
of the water itself that forms the streams.

The Department of Mine
Chemicel Xngineer of its Industrisl Minersls Division snslyse certein

surface waters of Novas Scotis during the summer of 1939, end he was
able to include samples from parts of the licser river systeam in his
work. He has furnished his analyses of these samples as well as of
samples from certein other waters, perticulsrly the lsrge salaon rivers
of New Srunswick. These letter are very useful for comparison. These
are all given in the sttached table (Repart XV).

The uein Moser river sample (taken at the trap) and the vest
brook sample may be teken to represent the region whole, snd
their waters are quite similer. Goldaine brook, which aris

from a

and Resources was having iir. H. A. Leverin,



marshy or boggy sres, is more scid (e low pi), has 1
carbonstes, and more chlorides s

silics end
nitretes. It would probebly bde

moh more productive if it were opened up to sunlight by clesring
eway the trees along its course. Its high acidity is unfevoursble
end would probably be corrected in this way. Mill lake brook dreins
Mill lske, into whioh VWest brook and Goldmine brook discharge. Its
oharaster reflests this, but is peculier in showing high contents of
iron, csloium and chloride. The latter is perhaps the result of
cultivation of some of the dand that dreins directly into the leke.
well as that of Herring
Cove lake, which 1s in the outer half of Nova Scotis near Liverpool,

The waters of the Moser river system

all aiffere from the waters of the St. John, Nipisiquit end Miramichi
rivers of New Brunswick in being low in pH, elkelinity as CeCoz, silica,
ealoium, hydrocsrbonate, cerbonate hardness, snd ealcium hardness, and
in being high in free cerbvonic d, slkelies as sodium (Na), snd
chloride. Some of these sre quite definitely interconnected, md

the most significant feature would appear to be the low amount of
caloium, which doubtless largely determines the low pil, that is the
high aeidity, It is desireble to meke s further survey of the waters
of the sepsrate parts of the Moser river system in order to discover,
1f possible, some that more mesrly resemble the large selmon rivers
of New Brunswick. In this search, pH and caleium ere probably the
most important indicstors. Whether there should be search for a cone
daition more extreme than Goldmine brook'in the opposite direction is
doudtful, although streams in the grenite regions of cuter Nova Scotis
(e

the Sembro peninsula) may show zore extreme conditions.
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Report No. XV. Report on investigation of the waters of the
Hoser river wetershed for the Fisheries Resesroh Board
of Cenada.

By He A Leverin.

The investigation of the waters of the Moser river and its
tributaries made at the request of Dr. A. U, Humtsman, Seeretery ond
Consulting Director of the Fisheries Hesearch Bosrd of Cansda has
been completed and the results are herewith submitted.

The Moser river watershed is located at the eastern end of
Halifex county, Nova Scotia. Semples of water were collected from
the main Moser river at the salmon trap snd from ¥ill lake brook,
Goldmine Breek snd Westbrook st their outlets. Determinstions were
made, st the time of sampling, of ana
that chance or disappesr on standing. These were, temperature, pi
value, free carbonic acid, dissolved oxygen snd colours As these
snslyses yielded diverjent velues, especislly as was the csse with
free carbonic acid and pH value, re-saspling end cheoking of the
analyses were done two dsys later, with results agreeing closely with
those of the first tests. Complete snslyses of the samples appear
in the attached tabl

‘The chemical composition of the waters of the loser river system
1s of & similer type %o that of the northern surface waters of the
provinces of Quebeo and Onterio, i.e. of waters the t flow over

silicecus rock snd through forests, marshes and muskegs. Thus the



waters of the loser river system are low in caleiua, megnesiua, irom,
bound end half bound carbonic scid, and sulphates. They contein only
small quentities of suspended matter. On the other hand the free
carbonic seid is high, especially in semples Nos. 647 and 648, with
consequent low pit value, snd except for No. 645, the waters are highly
coloured. Chlorides snd alkslis are high. The waters sre soft, hav-
ing sbout helf of the total hardnes:

or less, than the limit set for
soft water in the classificstion of waters mccording %o their hardness,

The objectionable constituents in the rbonie
8eid and organic mtter rendering them distinotly seid. To what ex-
tent, if any, these could be eliminated, it is difficult to say. Free
carbonic seid ocours alresdy in the rein water absorbed by the parti-
oles of water while flosting in the stmosphere, but the high amount
present in these waters is in all derived from

waters sre free

tion of lesves, orgenic soil wash, eto. Had the waters pessed over
‘basic minerals conteining celeiun, megnesium, iron, ete., they would
have been neutralized, the free carbdonie seid forming bicsrbonates with
these beses, thus ineressing the pH velue and lowering the seidity.
Suggestions have been made thet the moidity could be corrected by
olearing the river banks of trees and thick bush,
the

pening 1t up to

tion of the sunlight, snd inoidentally freeing the waters from
falling leaves. Whether these means would bring the desired effect

is in my opinion doubtful. As @ parellel cese, I may oite the S%.
Maurice river water which is identicol in composition with these waters,

especislly as regards pil velue, free carbonic aoid snd colour. Samples
taken at La Tuque, Grande Mere and Three Rivers, show no changes in
these velue, and the woods have been cleared far back from the river
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banks, especislly at snd below Grende Mere.

The high colour of the waters demotes presence of organi
Whioh in these types of waters consists of humis seid
humis acids sdd to the ecidity of the water

ries.

nd are compounds not
easily oxidized or broken up. As s consequence, the eliaination of
colour in @ water is one of the more complicated processes in water
purificstions The hums scids are dissolved in the water on its
oourse through mersh lands and mskegs, and consequently its presence
1in the water is unevoidsble.

Dissolved oxygen is low s compared with sea water whish in
combination with the high, free carbonic scid mst have deleterious
effect on fish life, similar to thet of & polluted stmosphere on
aninel 1life on land. Ses water with a pif value of over 7.0 would have
practically ho free carbonic acid. Nevertheless the saturation of
dissolved oxygen in a water depends on seversl factors, temperature,
pressure, and the nature of dissolved solids, the ssturation renging
from 5.4 ml. at N.T.P. per litre snd of distilled water st 30°C to
8.6 ml. at 5°C. Comperstive ssturation figures for the samples taken
would be, in mle, 5.2, 6.3, 5.3, md 5.3 10 5.6, 5.8, 6.3 and 5.9;
three are below saturation and one shows super seturstion. Generally
Aissolved oxygen in surface waters runs dlose $o saturation, while
waters from wells snd springs sre deficient in Gxygem. Super satur-
stion is not wmmel in surface weters, espeoislly when plankton is
present .

Of other characteristics in these waters I may mention the
content of chlorides end slkslis which is appreciably higher thah is
ususl in Canadisn surfsce waters, but not escessively so, as compared
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with those on the Nove Scotis east cosst, end is due prineipelly
to the proximity of the ocean from which selt spray is carried
inlend.

Anslyses of four samples ter collected at Moser river
village, Sova Seotin, A-snn u-u. 1939, Tor the Pisheries
Research Doard of Cena

647 648

Sample No. 64
Dete of sempling 12,13/8/39
Source ety Goldmine  West brook

‘brook o
Semple collected
Tempersture *C. -;
- v ul. per | um 3 5.2
uu( +Poite o
S 4
25.0
muuuy -

0.5
-nu Pepee 3.0
solids Irt.l ot

. . a -2
“""lkt‘"' Yoo
Cale: 1

batua it) EEE
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Report Nos XVI. Selson movement through the Mergsree estuary.
By A. G. Huntsmn

The problem of the svailability of ssluon for angling in s river
sueh as the Margaree involves their movement from cuter waters through
the estusry. The Mergeree estusry has e very nerrov end shallow mouth,
opening between two breakwaters and through or over an cuter grevel bare
Tidel water extends inlend s distence of about five miles from this
mouth, but ses water does not resch much farther them the first mile,
for which distance the estusry is quite broad, but shellow. At the
end of this uile where the estusry nerrows is situsted the trap whioh
fishermen operate in the fall to seoure saluon for ssle t the Fish
Oultural Services

Since salmon sngling is ellowed to contimue in the Margaree river
until Oetober 15, the snglers have naturelly hed the idea that the
operation of this trap, elthough purely for maintaining the stook of
salmon, should be eurtailed in order $0 provide s larger number of
fish in the river for engling.  This ides is based upon the view that
the sslmon token in the trap sre proceeding thrugh the estuary and
up the river and that sngling is dependent upon a steady socess of
f£1sh fresh from the ses.

This view, however, is of doubtful veliditys In Grest Britain,

@8 s well known, salmon may remsin for a long time in the tidal waters
of an estuary before sscending the river. Some of those thet have
ssoended the river may return to the estusry or even to the open ses



and be teken in Gosstal nets, and these sre kuown as "droppers”. The
togging of salmon in recent yesrs in relation to some Conadisn rivers
hes shown that those teken in the estusries may remein there for con=
siderable periods or may move into outer weters rather than up the
river.

Saluon tagged end liverated from mets in the estusry of the St.
Peul river, Quebes, in 1937 (see Belding and Prefontsine, Contr. Inst.
7001 Unive kontresl, No. 2, 1938, p. 44) showed about as much outward
novement ss inward movesent and quite & mumber of the fish went well
out (5 %o 10 miles) %o various points among the islands ot or cutside
the river mouth, although they did not lesve the region so far as any
recoptures shows Similerly, saluon in the estusry of the Restigouche
river in 1939 nd 1939 moved cutwards os well as inwards and some even
went out into Chaleur bay for distanc over 50 miles.
Seluon tegged in the season of 1938 in Saint John harbour, thet is
inside the mouth of the Seint John river, N. B but in tidel waters,
uoved outwards into the bay of Fundy s well ss into the river, and
some were still out in the bay more than @ month later.

Since it cannot be taken for granted that the salmon captured in
the Margaree estusry ere sbout to ascend the river, actual tests are
necessary to deternine whether or not those taken in the net for hatohe
ery purposes in late September or Ootober would otherwise contribdute
significantly to the engling catch. OSuch tests were carried out in
1938 and 1939 by the Fish Cultursl Service tsgeing some of the fish
token and liderating them above the tray. As the netting on the
ans of

grest

outer cosst ceased on August 15 in each yeer, there wes no
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sscertaining whether any of the fish left the estusry. They might be
recaptured in the estusrisl trap or they might be recaptured by snglers
1in the river above the head of tide.

In 1938 200 seluon were tegged snd lidersted on October 3 snd 4
sbove the estuarisl trap. Eleven of these were receptured, three
in the trap, and elght by snglers in the river at various pools up as
for as the Forks during the remainder of the sesson, from October 5
to 15+ During this period 89 ssluon were reported by guerdisns as
taken in the river by angling, with details of the pools, anglers and
weights of the fish, Previous study has given reasons for believing
thet the guardisns get information on only. part, perhaps sround 25% of
the fish teken and, indeed, their records fail to show five of the
tagged rish that were recsptured in sngling. Reports of recsptures
of the tagged fish mey also be incomplete, but 50 far ss we can Judge
froa thorough inquiry, very few are unreported. The available faots
give the result thet 200 salmon liberated in the estuery instesd of
being teken for hatohery purposes gave 8 rish out of 94 (89+5) taken
by the anglers during the remaining eleven days of the sesson, that is
they ineressed the ostoh 9%, and it may be that the inorease wes really
less then 3%, if the total catoh were kuown.

The contribution of the libersted saluon of the estuary to the
angling catoh would evidently have been less had it not been for a
marked freshet in the river on October 1 end 2, which was subsiding as
they were liberateds Of 97 lidersted the morning of Octoder 3, 6 were
teken by anglers, one as far up as the Forks pool on Ootober 5, and
a180 another on October 6, but nome higher up slthough csught ss late
as October 13, Of 60 fish lidersted the afternoon of Octoder 3, only
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one was recaptured in the river, aad sgein of 43 liderated on October

4, only ome was recsptured. 3oth of these were not very far above the
hesd of tide (MeDeniel pool). Also the three recaptured in the estuarial
$rep were of those liverated on the afternoon of October 3 and on October
4, not of those of the forenoon of October 3. It is evident, therefore,
thet those liderated closely after the freshot went up river in larger
proportion and farther and 8o were ohiefly responsible for the sontri-
bution to angling ss compsred wWith those liverated leter.

In 1939, 220 sslmon were tegged and liberated above the trap from
September 9 to October 9.  Of these 37 were recaptured, 27 in the trap
and 10 by englers in the river. The sngling recsptures were all in
Ootober snd from 3 $o 16 deys sfter liberstion. On the whole th
esrlier they were libersted, the larger was the percentsge teken by
englers, 38 1idersted from September 19 to 27 giving 2 or sbout 8%
recaptured by snglers, 61 lidersted from September 28 to Oetober 1
giving 4 or ebout 74, snd 121 liversted from Ootober 2 to 9 giving 3 or
only about 2ihe This was in spite of the faot thet there were sore fave
oureble ffeshets towsrd the end of the season to take the fish up.

The effect of @ freshet in taking fish up end meking them available
to snglers is shown by the percentages recaptured in sngling of those
tegged on sucoessive dsys in relation to a moderste freshet on September
27, The date are given in the following tadles

b e NN N H M 38}

D! lng 't Frizzleton
t::c./ .: 190 438 363 324 282 262 270 223

No. tagged and libereted nN . »n 3 s W
No. recaptured in angling T 1 2 1 e '8
Percentage 80 recaptured 0 143 9 Ta4 5 < o °
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It will be spparent from the table thet with the freshet (the
discharge of the river wore them doubling) the percentage taken up
the river in angling rises sbruptly to e rather high figure end
graduslly drops as the freshet subsides.

That the selmon were moved up out of the

tuary 0 8 greater
extent during this freshet than before or after is evidenced by the

1n the trep. Of 24 fish liversted
before (from September 19 to 26) six or 25% were so receptured; of 72
£1sh 1iberated while the freshet was aoting (September 27 to 30) five
or 7% were so recaptured; and of 124 libersted sfter (Oetoder 1 to 9),
sixteen or 13} were so recaptured.  Clearly the freshet redused.the
number in the estusry sveilsble for subsequent recapture. The likelie
hood of recapture of those remaining in the estusry would deeresse ss
the trapping sesson progressed, since they would be exposed to recapture
for a shorter and shorter periodj yet the percentage meerly doudles
after the freshets.

Previous to October 1, 98 tagged salmon hed been liberated in the
estuary. During October, that is from October 1 to October 15, whe
the angling season terminsted, 76 saluon were taken by angling a8
repertod Wy Tnepester Mrply (the guardions list 67). During this
period 7 of, 98 selmon were reparted recaptured in sngling. They did
not form more then 10% of the fish taken, and, 1f the total ceteh were
known, 1% might prove tiat they formed e mich smsller percentage.

The salmon recsptured in the estuarisl net should perhaps be
cslled "droppers”, since they would have to drop seaward in order to be
recsptured. That such s large percentagu (12% of all those libdersted)
Q14 drop back is noteworthy. IHow many dropped back and failed to




—6m

re-enter the trep cennot be known.

The following conclusions ney be safely drewn es to the moveaents
of seluon in the largeree estuary during the lstter half of September
and the first helf of October, in relation to sngling.

(1) ey move both riverward end seawsrd.

(2) To the extent to which they remain in the estuary or move
seaward they are unsveilable for sngling.

(3) With progress of the sesson the likelihood of their being
aveilable for angling diminishes.

(4) Even of those in the estusry in September only sbout eight
out of o hundred sre likely to be csught by snglers.

(5) A freshet sots upon thcse in the estuary st the time, taking
them upriver and meking s larger proportion of thes aveilsble for
engling.

Presussbly the desire is to have the estusrisl trup operated so
a8 to ensure s sufficient mumber of salmon for hatohery purposes, snd
yet not to operate the net when there 1s @ mod chence of the fish

the river and to the engling catehs
The two objects need not conflict to any great extent.

Zo ensure the requisite mmber of selson for stiRpik, pest
experience is undoubtedly the best general guide as %o the time when
the trap should be sterted fishing. It is possidle that study of the
Gosstal net catoh of the current sesson snd of the river discharge
Quring the third end fourth previous sumer seasons would give 8 @0d
1des 85 to the relative abundance of the stook upon which the ocatoh
for the particulsr yesr mist depend. ' ne most importent thing, however,
18 %o gee that the trap is in operstion vhen the salaon are entering




the estuary from the gulf in large mmbers. This hss been shown
(Muntemsn, Bull. Fish. Res. Bd., No. 57, 1939, pp. 51-56) to oceur
when there is o sherp freshet out from the estuary (as a result of

& downpour over the estusry, ss well ss with a sudden desoent of mich
water from up river) and perticulsrly with northerly wind e s genersl
fxeshet is sibsiding.

It becomes importent to permit seluon to ascend and be svailadle
in significant mumbers for angling when there have not previcusly been
the conditions favouring entrance and ascent of the salmon, thet is
when there sre few saluon slready up the river, Given suoh e situe

stion, 1% would be desiredle to render the trep inoperative when s
freshs the main river 150 _the es

and for perheps two days thereafter.
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Report No. XVII. Local Tempersture Differences in Moser
River, 1939,
By Ae Colin Nieol

1. Time 9-11 s.u. Weather: olear and bright. June 5
111 lske (dem) 17.8
Mill lake brook (trap) 17.8
Pool om 11l lake brook below bridge 16.5-17.0
Springs dreining into this pool 0.9, 10.8

Main river Hest bamk  Chanmel  Yest bamk
‘Thermograph 16.8 17.0 1a
Mouth of Mill brook 1649 17.0 17.9
Yoot of Claybenk 1.2 18.2 18.2
Pyets 1.3 17.4 18.2
Wooden's 173 17.4, 17.5, 18.2, 18.8
Head of island 17.9 7.7 18.4
Miller's 18.0 18.0,18.8, 13.0
Bridge 7.8 18.0, 18.2 18.4
White's 18.1 18.3 18.4
Sharp's 180 18.5 18.8

‘Thermographs 9-11 e.m.
Mein river (trep) 17.0-19.2

2111 brook 17.8-18.4
2. Time: 2,30-3.10 pem. ‘Vesther: olesr end bright. June 10.
M1l leke (dom) 6.1

M111 lake brook (trsp) 16.2
i1l leke brook (mouth)16.8
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Main river Bost benk  Channel  West bank
‘Thermograph 20,7 20.3
Mouth of 1411 brook 20,7 20.2
R i 133
Wooden's 20.9 20,2 3
Millerts 2aa 20.0 )
Bridge 20.7 20.1
hite's 20,5 20.2
oherpts 20.8 20.4

3. Time: 4=5 puu. Weather: clesr ond bright. Jume 10
M111 dake brook (bridge) 16.7
Mill lake brook (mouth) 16.8
Yain river

Repids sbove trep

Trep

hernograph

Yoot of Claybenk 204 20,0 1.0 '
2.2 19,4 1.9
20.2 19.8 18.5

4. Time: 12,30-1.30 pems Weather: clesr end bright. June 1l.

4411 brook (trap) 18.5
111 brook (mouth) 19.0
Main river

Rapids sbove trep
“Thermograph

Mouth of ¥ill brook

Pye's




Main river East benk  Channel  West bank

voodent's 20,9 2046 2144
Millerts 2.4 20.9 21.6
ite's 2.1 2.0 21,4
Sherpts 21.2 21.2 21.2

5¢ Time: 11,30 pem.=12.30 s.me June 11.
111 lske brook (bridge) 17.0
{11 lake brook (mcuth) 17.0

Hain river Test benk  Chanmel  Vest bamk
Tydrograph 17.4 17.7 17.6
Mouth of Mill brook 17.6 17.8 17.6
Toot of Claybank 17.6 17,7 17.0
Pye 173 17.8 1.0
Vooden's . 17.4 17.4 1649
Jiller's 17.0 17.3 17.0
Sridge 17.3 17.3 17.0
"hitets 17.0 113 171
Sharpts 16.9 1.3 17.0

ion -

In the extent exsmined (first cascades sbove the trap to tide
water below the bridge), Moser river shows a fluetusting tempera-
ture closely dependent upon soler radistion. The water slowly heats
during the morning, resches its meximun temperature betwoen 2-3 pullay
and then cools off egain until a low is reached during esrly morm-
ing. On cloudy days its Semperature rise is muoh less marked.

During the day, flowing water in the centre of the river has @
lower temperature than the relatively stagnant weter towsrds the




eds

‘benks, with the exception noted below. This effect my, in part

be due to evaporation es the weter passes over the nuserous cascades
in the river. The slower water towards either bdenk will, on the
other hend, tend to be heated to e grester extent by the sun. A%
night,the chennel weter ie @l ightly warmer then shore water. The
effect of the stills in the upper reaches of the river is here
evident; these still weters will slter their tempersture but slowly;
woter pessing down stresam will be slowly cooled but more pertioularly
towards either bank where the currenmt is slow snd its exposure o
colder air longer.

There is s merked contrast between the temperstures of the two
sides of the river on sunny deys, however, which may bde as high as
1.2°C.  This effect is most pronounced during lste morning and late
1 of the two banks.

and is due to
The river rums lergely north snd south and during the morning the
east bank is relatively shaded snd its temperature lower than that
of the west bank end even the main chemnel owing to its slower
current. These conditions sre reversed during the afternoon, & per-
10 of eguilibrium being reeched between 12 to 1 p.m. when the temp-
ersture eoross the whole river is rather unifom. During the after-
noon uniforsly ¢ool weter was found %o extend out from the west bemk
for o distance of approximstely twelve feet, slowly hesting from
that distance %o the esst shore where the mximi teumperatures were
reached.

The effeet of X111 brook on the tempersture of the river is
very slight and trensitory. Its temperature during the day is some-
what lower than that of the msin river and it tends to lower the
temperature of the west benk for about OO yesds downstresm, after




5= i
which its effect is not noticesble. The volume discharge of
Mill leke brook is only sbout ome tenth thet of the mein river
(25 ou. f%./sec. as compsred with 275 em. ft./sec. for the river)
which sccounts for the unimportent role it plays in remlating the
river temperature.
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