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F i gure 1. Map of the Skeena Ri ver , British Columbia, showing position of Lakelse 
lake in relation to the complete drainage. 
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r ord t n at t t orological st tion at T rrac , j it ten mile d 





Figure .3~ Oblique aerial view of Lakelse lake taken from 17 ,,ooo feet ~. 
The lakelse river~ draining fron1 the sotrth end is clearly 
visible . In the upper right .. hand corner,, the inland tip 
of the Kitimat arm is inelud.ed. (By- the courtesy of the 
British Columbia Government) . 
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all imp,>rtant in aining t heig of the rt ro co uent 

covering ()f the ,, . 1th th xoeption of. re s in fed 

tributaries ( . g. culq er. k) . An ll• over reduction in th :-ecipitation 
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ABU. I 
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rainfall ( ahes) :t Terrace, B .. C. 

nth Te P• Rainfall • nth Temp. R • all 
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ar. .36 3.32 Sept. 5; .3. 16 

pril 44 2.4 0 :t. 45 6. 58 

ey Sl l .76 • 36 7.49 

Jt 57 i .• 90 ec. 2B 6.a 

Tl l approx te:cy- ; .4 mile 1n lon N .. I . - s. " 
is ias fro 0. 7 to . 5 miles in Ulth, overin of 

5.47 uar mile ,. r 3,500 (14. 2 2). ith a i:.·i:;a'~ 
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rpho · trical dat htNe · n brought t() ther in table II. 

TABm II 

~e mgrpho ta of i@kelse 19ke 

Area 
Maximum length 
,., imum idth 
Maximum depth 

an depth 
Volume 
Shore development 
Elevo.tirm 

Per~nt. Total 
surf (Lee Arca.. 

1420 100. 0 % 
08 77.0 

412 29.1 
205 14.·4 

52 J .7 
3 0 .. 2 

].4. 17 sq. k:ms. (5 .,47 q .• miles) 
8.7 kma. (5.4 Dile ) 
2.4 kms. (l. 5 miles) 

32.2 m. (98 feet) 
7.9 m. 6 (24 feet) 6 loa.o x 10 au.m. (ll.1.3 x 10 ou.yrl.) 
i . s3 

72. 2 m .. 

Str ta. 

0 - 5 m. 
5 - 10 

10 - 15 
15 - 20 
20 - 25 
25 - 32. 2 

'l'ot 1 

(220 feet) 

Volwne in Percent 
eu.m. 100 Totnl Volun 

55.7 51.6 % 
30.4 ~.1 
15 .• 4 u,.3 
4.9 4. 5 
1.4 1 • .3 
0 .. 2 0. 2 

ioa.o 

main stream drainag into the lake is that from Willi 

creek st tOO orthern em, wpp mente y th leaser st, ams (') Granite . 8M 

.... eully er .ks from the e • am Olesr ater and Andala creeks fr t 

south, tl o~ outle ing the Lak lse river. This latter flo fairly 

dhect.ly 11 J:""th st from the southwestern po:rtion of the 1 out to the 

Skeena t relve mil s dist t am. , 'llith the exc ption of the first mi.lo, 1 

oharoct 'riMd by an even, rapid flo o" r c,.,ar gravel ane boult1ers. Th 

uth is nar:row a deep, expan 1 g into a wide , h .llow m-m ( 800 feet) with 

little noticeable current onc:i in many way il lating s -j cent 1 

preeeoing the more turbulent Jl)rtion of the river further d<?wnstre • 

The general oh . acter1 io of the rive s (figure ; ) h Y be n 

outl:ln in t ble III. 

J 



' 

. ' 

- 9 -

T.ABJE Ill 

Riv; T At Ogtlet 

~· MY! ~ Qr ient 

. \Ulliam Cz·. s-12°c. 

Bl el nter 17-2000. 
Cr. 

Granite Cr. 8·100C. 

D Boor Cr . 9- lloC. 

Scully er. s-1ooc. 
Cle at r 10-lJO-C. 

Cr. 

Amal , Cr. 7- 1000 

,.---

7. 3 7. 1 Fairly 1. 60 1 

o ue 2 .. 60• 
,3 . 15' 

6.5 Fall'ly 
elem-

7.2 · 7 . 0 Clear 

7.3 6.9 Clear 

7.3 7. 2 CIAaar 

7.9 7.7 Clear 

25 ' 

25' 

25' 

200 t 

200 ' 

Three pm-ate outlets • 

4' 

5' 

3' 

2' 

1/160 Gr l & 
Sam. 

1/800 ,lJd , Silt 
~mrl S • 

1/25 Bould r , 
Gravel & Sam. 

l/25 

l/00 

Sam Gr nl. 

Sand & Grav l . 

1/300 Soni & Silt. 

l/300 Silt . 

Far the past five year approxim,a."Gely eighty per · nt of the total 

adult ockeye run h s entered \ illiams er e While sm!m'l'.i.nfl t y distribute 

the elvi s over its many suitable gravel bed f'or n istan of four to four 

am one-hnlf miles (Pritchard and Cameron 1940) . The major supply of wat r 

to ·t.he lnla;i eomes frorr. thi ource \1hich is mainly glacial in origin. 

iilli._ms er k in providing the spa ming bed , constitutes one of the main 

physical f e ture of importance in salmon producing bod1 of water. 

The fluctuations in volume discharge ,.,f illlemo creek a.re :r fleeted 

in fluct :tione of ater level ithin the lake and in th Lakel river.. A 

continuou record of the lake s.t r-level change con quentljr provides a 

picture of the variations 1n river height , in the c se of illiams ere k to 

a l.es r d gre , hil in Lakelse river to slightq greater degre • 

alts of high ator usunlly occur in ~ follo ing melting of snow 

under inten Gunlight anc1 in late October or early November as result of' 

heavy pr cipit tion. The low level occur between the em of' August and the 
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beginning o Sept~mber, and just p.rior to ic formation (figure 6) . 

The late summer minimum co inc id a ith · the maj r spawning ~rind . 

Lf there i a particular drought at this time, a rP.il.uctio in the amount of 

s wning bed pres nt may a rious:cy uce the eft'icieney 'l egg depasition. 

Hnwevor, if abnormally high water exists then meJ\V bed... may be le rt expo 

in a ouhe:eqtwnt fu·op of 1. ·vel. It oulrl e.ppem· that an averag level aomewhere 

near ·that of the final freeze- up level u1d be most suitable for u ssf'ul 

production of young fish from given seeding. 

Pro e ~ !I"e 

'I'he ·temperature varia.t ion has en recl)roed f(')r Le:kelae lake at 

single ste:ti'1n in the vicinity of the greate t depth, Station 1, du.-riJ1€ the 

UJDJ1t.hs of July to September of 1944, April to Sopt,emb ~ 1945, and continuously 

thrnue;hout all m:mths of tho year from April,, 1946, to the present time. 

It is expget ad that these reeords ill continue ~n the present basis whioh 

provices for r gular vertical r ings t en twice _ r l'.lr.\nth ( f'irst am mid le 

of e month) ti ith the p::>sslble except.ion of pariod cJuring the winter when 

travelling on the ice surf ce of th· lake is not afi • Throughout this study 

standardi gretti• Z r d · p-se reversing therm::> ter ua t.o 

fifths of a degree Centi.grad , haa be n u ( r t . al .. 192,3). In 

dition, bathythe gr ph (Spilhaus 1937, 191+0) 1a used in 1946 am oper ro 

for mor ext nsj:ve i-ecoroing in the early po.rt of each se son' a ork . It 

use 1ss directed toward determinl.ng the thermal structure of th hole lake 

r t r the of one column, thus testing th de of representation fordeCl 

by t he single st tion. Since the lake ia char eterized by one !llfiin de ssior. 

the complic tion r.>f therr:ml stTUOtlll'e introduced by submer depre sio 

( eleh and Eggleton 1932) are not pr sent . The most representative position 

for complete tom rature reatling uto tico.lly become the deefX3st point in 

the lake . 
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l~ Spring art.urn!' ith t ~ ly e~ato climatic conditions in 

1 iv , unting to 

tour :1nche or P"->rous - 1 int rmingled with l.qer of h i • 

ot , sunshine wim constantly lt 

reou t thick s. T 

tr>. · ual ispll.lce nt dependin ' ntire-4' on tho tcorologieal ph:1::.LW,.a.u.tU;1i 

ieh prec e it . On th& ice h be r ue to 

inf era s bre ing p:iints a l avy wind con be disrupt!: ., the 

7 
ac·t usl breck- up being fol.lo d in quic sue sio 'by t spri 0 rt~ 

( ·leh, 1945) r id ri 1n urf ce to raturo . · 

G!' the ye- 1945, 46 47 tb :verturn. curred 11thin o 
W'""P 

of April 4th. while in 194B, which has go down on record 

Vi rt urn did not occur until pril 24th. The 

ov rturn 1n the first of u . 
ion and iod of r ta tion. Tl 

of ~ t rnnclil.le 

inte:r·cnn.nPe str ti.fie t.ion i 

:t 

ut fro tho v ry first d s 

up_ r oiraule.i ion of :t r of different pt oeours to 'V«f."Y 

. in prop-.>rtion to the int nsity snd ou:ration or th wind.. his 

ct cont:r to the rind la ing up · to 1 for ltion in th fall of 

t h y ar. 

of t t rmocl must co in the r et t :t , \ 

once e. thermal str ltifie tion of' l"c. -,,(,,.;t_0h en e t.ab-~ 
lis.. t h n some of ist in the pre oo of efinite 

.o»- cettt 
·) bodi of er within the l it. li'. T are or tirel;y in 

et ristio t pil on, th the:rmocll.ne 

1' fined ual. t or f'Pl"Qft~.ftr than 

t 11.~ ~)I\ \,I.AO..&~! 
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ring or the l r sult 

nee or- p:>aitio_n of one or , yet the 

n of the l o remain t le ially out or circul tion• 

l ~ 1»or example of t.ho elas ioal cone of· 

str tifi 1 1 

s ther 1 str ti i tion or v ying ce , o · t 

i 0c. r t r, 1th up r zone of w ter hlch tc 
)' 

te body ith1n it 1f · PP ent hich beeo s nnr 

is Pl oach .. This body of ater usually v 1e from 35 to 50 

ter 

~ 
f'eet in its lo i level of eircul :tion yt oo completely di 

ithin f hour by 1ttl t .o 
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the this t of V1 ry\l~epfl1mnfon velo 

' 7 1ll strsting 

l int 
.,.,__.r, . 

int or gre test t t 65 feet, ref or 
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indie on th 

ntr or t t 
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T :t the or p:>rtion or t~ 
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is tak n over by 

I I 

le 
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h 1 ter st of ent . 
~ ' f 

con 

ot di 

lo 300 fe t- (Al rber 1930; 

1931). In al for lakes ~r the. S 

Poo . 1 lol. tn. , • 66 to 70, 7 & 74) the t h r 

ater lo this d pth is virtuelly \ onat ,/ ' ithin o d 

0 I ,,...i ,t ) • 

(.Q,~ ~eel ' 

ft at {(J 
,,.., 

r , ... 

Prog. Rep. , 

of 

e cent1gr ~ • I 
n ~ 
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true, no m ter hat the surfac are or lak contiguratio 

For lakes such as Lakel of 100 foot or les 1n depth, ind e hw a 

li?1unn·tic ffeot . A very striking exrunpl.G of this a obtained in the 

• 

first , k of r.'!E\V, 1946. A batbythermograph recording w e 10100 .. m. 

on "s.y .3 1 folio ing a number of clays 'Jf o , r .. By n,,on ot 

f;1ey 4th one of tl heaviest bl.1' o 0f t he year \harl churned t .. e We into 
' 

Ol')mperative lstrom (Do ufort rating of 6 ) • It w s possible to obtain 

sec1Jnd reeortling 32 hours after t h.e first (sec figure 9) . The whole lake 

been put into c!rculation 

to intermingle ith tho of the north aentral 'P'rt1 ... n onc1 t bottom 

temper :tur ( t 

he 1mum overall te 
1) -· L4I ..c') 

ratu!re states for each ye from 11hicb 

compl t overturn. ,/ / 
"7 { ~ I l , 1 ,· 

t ammttl heat bud t hav been calculated ~ 1n table IV. 1' 

rage condition (1944•47) ha come sn time in the month or Au 

hen the whole lu beo ,,,....,.......,d to an exten: hich resulted in te perattn" s 

raging 19.1i o .. <)OC . to lO .C}! l .4oO . from top to bottom. 

TABI IV 

Surf ee am:1 bottom temper :tures at the time of mm:1JJJtun 
thermal :t , St tion I, l e 

.J.... Surf age 

1944 Aug. g 19.4°0 . 13 . 00C . 

1945 R 8 20. 2 9.2 

1946 n '2!J 18. 8 l0.3 

1947 " 15 17.8 11.1 

Aug. 15 19. l ! O. t]OC . io.9 = i .4oe. 
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:; • Fall . rturn. By ptember all ntrata o t lake with t 

xcept n of the 'test depths have commenced to cool. nth lat r 

there is eomplete temperature decline, the upper strata lo 1ng ho t unit 

more rapid4' than th r atr ta, resulting in finol unif'ormity of temp-

erature throughout .. This etate occurs it a te rature distinotly ve 

4 oC . at which th c1enaity of mter i maximal. In 1946 it ocourr by 

pproximateq October 31st with uniform tem rature of 7. 000 . , hile in 

1947 consistent and almost par llel decline of temperature for all str :t 

conir.enccc1 in ear l\y' October anc' fin lly rged j 1 st prio-r to the 11 erturn. 

This marks the start ,,f t he overturn which continues until a str ·tifi• 

c tion in reverse occurs when· t.he surfa cool below 4°c .. 'f avere ~ 

dur tion of the "v rtUI·n may extend o er , ny dey , r pidJjf cooling ing 

effected by nlghtly ~ro in air ten r ture ell below f're zing (Clinmte 

,,f British !?olumb1e. 1945) • . By the end of November i has usual4' ell') .• 

the 1 to fUrtber wim produ current • Table V Co.ntain a 

of the o.t for duration of ove.rturn and commencement of re. fr ain • 

TABIE V 

F 

I -Date of 

. J 

1946 - 7 

1947 - 8 

Octe 31 7.QOC. Nov. ov. 24 3. 'i'°c. .1115 

Oct . 15 u .ooc. Dec . s Dec. 20 .3 . 2°0 . April 23 

4. ~·inter Stagnation. Ti e ai1arp rop in tem r oo s ft>r t 

lake e.s Hhole when a tempor ture of 4°0 been roach • Only t surf see 

ater 0011-tinue to cool at aceler t. d rate, no lo r 

o!rcul t.1on by inorc depth, but remaining at th;; surf 

ing into 

ant g1vin 

r to th ual imrer th rmal ratific tion. The xtent of t · up r 

str tifie tion t 1rst uc er ot de h . 
'l 1· t 

fUrther 

? 

) 
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cooling takas plac end the ice surface is/ stablished this eep.'.cy . (yi.1 
- I 

inclined thermal at t 1a grBdualq ispenaed, reduoing the t 
I ,_,J0 

:ratures ,, t • e;, ' t 
'c., 

at e e.ch depth progrea ively until the ooro stable bott to 

1nvi lv • A reduction or te rature it 00 te t hes been in both 

1947 and 1948. 

With the elimination of wind effect by an i blsnket the tl ermal ) ) 

changes conform more ren ily to the state devar:tbed for most ice CJ')V0 d - -

lako (Welch 1935; Greenbank 194S) . The term 0stagnation" hot ver 'is so 

misleaeing her in that it uld ply mm-ked st · Uity to the w tar of 

gre :test depth ane the ab nee of any circulation within it bound • That 

there may be some exo~ia.nge as a result of ri"1er wat ,r displacement W3uld 

p_'.Gar possible throu ~ h inr-erence from the hir;h oxygen content r co-rded 

throughout the winters of 1946•4 7 and 194 7-48. Tha complete thermal 

I I 

var1nti~n t 20 fo~t interve ~f depth f'rom April 1946 to pril 1948 h e n 

depicted in figure 9, table VI . 
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T.ADIE VI 

Tem r ture v iations at 20 fo.,t depU , Lal.else lok , 
St t.ion 1. 

- -
D te o• 20 ' 40' 60• 00' 

1946 

proil 8 4. rP 4.0° 4.00 4.00 4.<1' 
15 5.; 5.3 5.2 ; .o r..o 
30 77 7.3 7.2 7.1 7.0 
9 13.4 9.7 9.4 - 9.1 1.s 

15 10.7 97 9.5 9.0 7. 
22 12.s 9 .. 9 s.s 7. 7. 5 
30 13. l u .7 9.s 9~ 78 

J s 14·4 J.4 .. 0 12· 5 JD.6 s.2 
15 15. l 13. 8 12.0 9 . 5 8.1 
22 15 .. 2 J.4.6 14.2 10.1 s.2 
30 16. l 14 •. 6 ]4 •. 2 10.7 8 • .3 

July 8 16.3 14·9 ]4. 1 u .2 s.4 
15 16 .. 2 15.,6 34., 5 n .o s.; 
22 16. 2 15·4 15.1 10. 7 s.6 
JO 16. 2 16.0 14.5 12.0 g. 13 

Aug. 8 16 .. 8 16.o 14·3 12. 5 s.9 
15 17.1 16.2 15 .. 0 12. s 9 •. 2 
22 17 •. 0 . 15.6 14·3 11.6 s.s 
.30 :J,S.6 18.0 17. 2 .l.4.0 10 .. 2 

Sept . g 19 .. 2 18.0 16.o 1.) . 0 9.s 
15 20. 0 18.l 16. ,3 13.,3 10. 0 
30 17-.0 16.1 ]J .. 9 u .2 10. 1 

Oot . 8 14.2 lJ . ) ll.5 10.7 10 .. 0 
15 12.0 ll. ,3 10.a 10.4· 9.9 
;;o 7.0 7.0 7.0 7.0 1.0 

• 8 4.0 4.0 4 .. 0 4.0 4 .. 0 
15 o.s 4.0 ' 4.0 4 4.0 
23 o.o 4.0 4.0 4.0 4.0 

D c . 29 o.o 3.5 4.0 4.0 4.0 

1947 

Feb. 9 o.o 2.4 3.6 3•6 3.7 
OI l o.o J.O 3.5 3.6 3.s 
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T U: VI (Continued) 

T m1 rature var tio at 20 foot depth , el lake, 
Station l. 

Depth inf et 

Date 0' 20' 40' 60• oo• 

1947 

April 17 4 . r!' 4 .00 4.00 4.rP 4.00 
Z7 ·6. 9 6. ; 6.0 :>.7 s.o 

tr3 5 10. l 1.s 7.5 7.3 7.1 
lO 9.7 7.9 7,,7 7.4 7. 2 
15 9. 5 9.3 9.1 s.6 7. 8 
20 10.7 . 9.5 9.0 a.s 7.9 
5 17.6 9. 8 a.a 8.4 s.o 

31 1) .. 2 12.3 9.3 8.6 s.1 
June r: i:;.5 12.6 9•0 s.6 s.4 

10 ]4. 7. 13.a 13.0 10.4 s .. s 
15 13.6 13.4 ]J. l s .. 9 s.s 
20 12.9 12.3 12.4 10. 5· s.4 
25 34. 7 u...o 12.9 U .6 8 .. 7 

July l 16~ 5 14 .. 5 13 .7 12.6 s.s 
5 15. 5 14.6 13 •. g 13.,2 89 

10 14.9 ]4.4 lJ .S 13 . 2 9.0 
15 16.6 J4.S 14· :3 lJ .O 9. 0 
20 19.6 17 • .3 i;.o J.4 .. 0 10. l 
25 17.9 16.6 15.6 12.7 10. 0 

Allf • 1 20. 5 16.6 14-4 12.7 9.8 
5 17. 8 17.0 13. 5 11. 7 9.5 

10 17.9 16.4 J.4.9 12. 8 10.l 
1.3 18. 0 17.4 16 .. 3 12.6 11.0 
20 i7·. 5 16.6 16. 2 12.8 .10.7. 
25 i7.s 16.9 15 . 5 12.4 10.0 
30 16.9 16.6 16. 2 13 .. J. 10.0 

Sept. 6 15. 7 15.7 15.4 14.2 10. 5 
15 i5.7 ]4.6 u .. 2 1.3. 7 lJ.O 
21 1;. 2 u .2 14-1 14.0 1.3. S 

Oet. 15 11. 0 u .o 11.0 10.9 10 .. 5 
28 s.s a.s s.2 7.9 7.6 

Nov. 2l !;.7 5,7 ~;.7 5.7 5.4 
Dec. l .4· 9 4.9 4.9 4.9 4. 5 

7 4.0 4.0 4.0 4.0 4.0 
l4 3.0 3.0 .3 • .3 3.4 3~4 

1 

o.o 2.2 2.s 3.2 3.2 
o.o 2.a 3.1 .3 · 5 3. 
4.0 4.0 4.0 4.0 4.0 
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The pit.fall or d p1ct. a ynamie state in at :tie Jitase 

many. The usual four major stat s h been · to isti.nguish the 

main cyclic peri of changing the gradient in the lake. T 

inadequacies in this pat'ticulsr ~net ent, y-·t, for clarity 

in present :tion and co cept it io corwenient to d~piot the relation in thi 

manner . Yoshi 
/ 

(19.35) has sub--diviOed tr•e stagnation r-erfod of fresh 

ter lekes into eight distinguish ble pha s in an ttempt. to elucid te 

.further the thermal evolut.ion VJ ithin a l&ke . Since it ie dynamic 1n nat'llt'e , ' ·1• • 

I 
ivision into different categories is in part arbitx•ary relyiltg on 

aspects of importance attached to the study by soma pnrtioulsr investig :tor. 

In t Le ease of Lak lse lfilm 1 being in n iurth temperate zone, tJ:i..e t 

physical f :tUTe whieh result in major diffe?'f'noo in ther stratific :tion 

are that it rf.!du d in tem rntur through 4<>c. and that it become i ) 
cover • Arr:! clas ification of th 1 shoul.a depe on these pheno na. 1 \ 

~"J' , ) ,\~t~Ji\ ' 
\.Jf" ~ ! I VJ 

( { ~I I,> Tho \ eoount pf solar errerror incident on aey lako surface t ,, .,,) ~ 

I { ' I\ 
determine the final production) of animal lite 1n that lake . It is U 'JJ • ' 

)
J 

unit of ootivation, without which, any amunt of' basic pro ~uctive con it -nt . 
\\} 

i: oulrl lie dormnnt . Attempts to ,t a me s~ of the manifestation of this }-

energy in terms of at units and provide a. me of co!nparing different 

1913) :1 a~ later developed by Bir (1915) a"' Dir 

,J, f 
J- 1: 

lake wao acvnnced through the mrk of For 1 (1901) nd Helbfas (1 05, 

'.r .1929) •. Th a.nnu.el heat budgot ~ay be defined as the 

and Juday (1914, 1921., 'i .. J 
amunt of he t nece .i'J_/ 

l '" .. . 

· , oary to raise the temperature or a lake from its minimtw (TJinter} to its 
I ' l • • 

' '( 

~) 

! ~ __, maximum (summer) state. Whe inter cJata do not exist Birge and Juday I -1' -l '..;, 1 ) 

~ ,,.1. 

"\.~\/ 
l 

< ' (1914) have introduc t term "summer l at inco 0 wh1oh they hav 

defined ae t amount of he :t cesaary to rai the t,em · :ture of ~ ) I. 

'-.J "' \ <\ 
imum ( pplicable to t mper t lnk s only) .. "~ ~-

' \\ 
~ 

' from 4 °c. to its summer 
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The signifia nee of heat-budget h been questioned by eaeh of' the abo 

investigator and t conolusio are cnnflict1ng. In part1oul B:ir,, 

and Judey (1914} h ve d fe and developed its use as com :tive 
I 

:J.ndex. Bir (l9lt) states, "No doubt more comple·he study ill sbo tbet 

the heat bud of the s veral lakes ar influenced by levation, SU?Tourd-

ing t .,1£e of . luent and effluent , climate, cl.outline ' lat.itude em 
other com ition.s as ll, but :t present a direct unmistakable effect 

of any o or these conditions oen be p:>inted out only' in a very fe c s, 

o.rx1 it is best to eo ider the budgets in gross and ithout t.,o much 

t tc.ntion to particular circumstances" (p.167). "It allo s to determine 

t r i.'llfluence of such factors as the area and depth on the amount or heat 

taken in by thom" (p. 176) .. Ricker (1937) in his st y of Cult.u., lru-:e, B.C., 

comn•Emts that "The small heat buet,~t of Cultus lake is a direct reflection 

of the ge erally equable climate of the region" (p • .376) . The relation or 
h at bmgets to productivity in lako has not been considered;-yct it ould 

I 
I 

ppear that if" the e ra relations M"e reflected by heat 'budeetQ then this 1 

unit should be_Q_~ex of i»tentlal productivity. 
\ I ) ' 

·:t ver the significance may be it is interesting t.o compare t 

nnual h _at budget of Lakelse lake with tho f'rom two other socke prod­

ucing lakes on the Pacific coast, K luk lake, Al8aka (Judq et al. 1932) 

and Cult ~, B.c. (Ricker 1937). The immensity or the sockeye IX>pulations 

(Gilbert and Riah 1927) hich migrat both int.o (adult) and out of (young 

migrant) Karluk lake nee site:OO colossal eonvereion and production of food . 

Cu1t leke 1 cla sified as oligot:roph by Ricker (1937), is mnrly o -

sixth the area of Karluk leke, but only vroc1u.ces by com itJon about oM 

one-hurK! th a many soekeYi (F rst r 19:37) . Lekel by proportion in unit 

ea. averages less sockeye than Cultus, pmitiaularly in pe year (over twi 

the are t)f Cult yet just half the number of soclceye) . If consider in 



- 20 -

ct and negleating the influence of competing population, the 

contr\llling factor wouU 8J>I'C8l' to be rme ~r productivity, which, i£ 
( 

basically related to the calorific exchange, should be refloetP-d by the 

heat hudgets. CompareCl witlA the European and American lakes stulSiGs by 

Birfe {1915), Lakelsc is the lo at with an sn.l').'12.BJ. hent butl~t of 16,000 

gm. cal.. per cm2. Kar 1uk lake is twice this unt a.td Cultus lies in 
\ 

an intermediate position. Iakelse 1 e, then would e.ppe81" to be llmitecl •) , 
,, 

in its production, at leaat in pm"t, by low heat budget .. 

2U2Wl&9Wll- ~-:.' ' . \ "\ }, 

Dif'f' rent periods of growth en£1 different stat of tom rature ~ } 

acclimation will umoubtedly' result in ked varis.t.ions in temporature J .., ' 1 

\ 

r sp:mses amongst llOCke . • A stated previous~ the fey and 11" ·•lings / . 
J"> I 

ap -ar to r~ quent the limnetie zcnw, avoiding the littoral region, rhaps i:\ "j, 

or a temperature intolerance or pure~ from thermal prefore ce. J ~ 1"" 
1 

~ o, 
Tho latter view is supp:lrted by the work e>f »onaldsen and Foster (1940) 

l1ho state, "From the experiments.! evidence and field observa:tions, it 

ould ppear that ·t.he young B()ckeye salmon are very selective in their choic 

of water (')f unif(')rm tem rature, choosing that water near the thermocline 

in preference to waI"lOOr surface ater or colder waters in the depths of tbs 

lakes. 11 They also conclude that 11the tem ra:ture of the surface layer of 

water in the lsk8 (Skahs. lakl , B.G .. ) as too high for optimum grcwth, 

stirvival, and efficient utilization of food·" Ri.cker (1937) has st 

that "the swnmer feeding of f'in rlings ap ars to be chiefly oonfi to t 

region bet een 5 and 15 tre depth» ~hich includes the thermcl and 

W.jaoont narrow stri of the epi lminion and h7,pollmnion. For i1'Jg is 

limited up.vard by scarcity of food, Olld downwenl by poor illumination or lo 

· temperature". The latter conclusion is one ml.Ide mor by Waren than 

direct observ :tum. T . same can be said for Lekelse lak , for, with the 
~ 

xception of one single observation, fry hav (Dever >been caught or observed 
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during th a r in the littoral zn which i the onq are her suitable 

dir et lethal factor (cf. Fry 1947) 

tenrper :tu , an indirect factor promoting death through dise oo h :'Ire 

distinetly different ope1•ativ levels ,. The ffec..-t r the nzy-obactor!um 

thre :t to the mn-vi-val of sa.l.mon 

under given temperatures has been monstated by F h (i948) Fish m 
Ruck r {1943) . The ·ro r stats (1948) that, "Below 6rl'F ., columnari 

disc is of little eonnequenc , but bet een 60° and ?OOF . , g,. ,!!C~lb!!!!ltWDi:!ll 

invades the im-vitnble cuts and llhraisona on fish , quickly establish· a 

eondary inf'eetion that may prov letha..1. Abov 700F . , g,.. se~l!Jlm~a 

bee s thogen in its own right and neiads no nechnnieal injur.io , tc> 

o n a door through the pl'otecting mucous coating of' the n am gills11 • 

No si ificant example of either diract or. indirect ff'eot of 

temperature causing high rta.lity in scickeye have ever been obperv at 
\ . 

Lakel lake. lt ~ mbraoin effect p ar to be o of pro tin J' gr<>wth 

ativity bile limiting the sco or for .lng mainly to the limnetie 

and thermoolinal on • •. \ 

TR 
'" Ii I 

;:, 

asur noy a st a.rd Secohi isc ( elch 1935) 
6 I ' ~ I'.., 

as am orJ9rate 01 :t t.hc tim of making bi ltly recording in the cent.r 

') 

of the lake at Station 1. By ob rving the usual t.h • l)f oper tin thi !""· 

h1strumt nt, om recora ing t ocomp nyi11g ath r Cr)nf itio , a bT 

' ' 
eat gorizing of the Skeen river lnk h s ooen aooomplished . 

v 

A peak in transpnl"cncy l · peated it lf in July and ain 
'.( .ell' 

S pt.emb r in every ,or continuo ob rvation on el 1 - , bile the 

e nc1 . f hiy onc1 th 
characterized by ight or 

idd lo of l)etober h :ve been 

) 
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turbidity (figure 10, table VIII) .. The latter two coincide rlith r1od 

of flooc end may be comp!l:red wit.h the ere.ph C)f water level fluctuation, 

figure 6. The lake 1 ho vever, cannot be considered as typical glacially 

silted 1a1;e fnr its averao~ transparency from the reoor~s of 1945·4S 1 

. ;.. t 
10. 0 ~ t ( pprox. J m. ) and a record of 17. 5 fe t (5 . 3 m •. ) exists for 

August 3oth 1947. \ t· ") 

\ 
"'-' 

Although the main stre di charge into the lake stems f'.rom 

mountain sides of the surrol.lllding t rrain consequently r ulte in· a 

partial silting of · the atera, the obstruction to light trat:lon on 

av rage dey rm1at oome as mueh from microscopic organi and organi 

matter as from inorgan.tc suspended particle 0he te r ·ure rel tions 

are bnbly as r SP>nsible for this phen menon as any other fac:tor . In 

the SUll11'00r season,. the temperat of the eJYilimnion is al.met invariably 

higher then the te rature of tho cold i·iver waters, thus the silt tend 

to be carried down to the hypollmnton zoue, leaving the up r wnter 

oompar ts.vely clear . The oor.act reverse rJf th1 has been fow to b true 

f r ')tLer lak~ in the SmrE drainag, • 
'~: . ( 

TADIE VIII J 

v n depths in feet ,,f dis p aranee and r appearance ,.,.. 
of o Sacchi c1:i.sc, Lalteloe lake 1 1945 .. 1948 

~ ~ 1242 ~ 

April ll 6.4 April 17 10. e 
n 25 7.6 Ap?'il JO ll. 2 

10 7 .. 0 '15 10. 2 
n 25 7.6 r8ay 31 6.5 Jum 1 3.7 

J 10 s .. 1 J 15 9.4 II 20 5.,7 

" 25 u .3 n JO 7.2 
July 2.'3 . 7 Jul,y lO 14.S 'July 1 12.7 

.31 9.0 " 25 u .5 " 16 16.5 Jullf 15 14·5 
Aug .. 6 n .. 4 Aug. 10 11 .. 4 Avg. 18 14-7 :ug. 2 16. 5 

fl 21 12 .. S n 25 7.2 30 17.5 16 11. 2 
Sept . 14 13 .. g s pt . 10 24.7 Sept . 15 4.0 " 30 ; .7 

n 21 J .7 
Oct . l4 3.6 
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, might be deaer:tbed boat , de p blue althoueh 

it is ot distinctiV1 • At time it do s ca a brll n-g:rey follo 1ng wiml 

and flood I but t fact is th most of the light is abaorbed that 

no iclll..t:ir visible w :ve length is r flee d .. 

The -factor "r 1i bt pa tr tion., absorption ane reflection is of 

--inest able ~port ce f fcot on t,h basio foune tione of fooo 

r lation ithin a l an may influence th product± ity dir etly o:r 

i:rectly as much s cmy other physical factor . In particul3r the 7 
di t ribution, is dire~!_ de_pe o_nt upon the) 

light penetr .. ion. In this s ct,. foT t el"' lake f.h ~ is no mar 
- -- 1 ,;' 

iminu.tion t t r ~depth of 60 to 80 reot .in t c of .H.-W:!l'lil:J, 7 f 
-- '-------- ~ ~ 

while higher plant li.fi , particularly cert in~ e • £1ourisl s 9tttto 

dept of 30 fe t . The problems 
I' 

lv. · in the - sure . .. Jlt and interpre• 

t :tion of light netra ion hav boon critically considered by Utt roo 
I (1941), Clarke {1939) c nclude:l th t 11the biologi~al ·ignifiean -

ultr i<>le't in tural ater is in doubt , but th aible c mpo () 

7 
<) 

? 

i import nt in th.I r gul ion or the activity of lll!'I ruti , 1n n '71 

th vision or fish, m es c!ally 1n th phtosyntbe is of too phmt • J J~d 
pJJ 

ll 

Sine t he utiliz ti{)n of li{!ht 1s very lo even under th most fs.v urable \ 

circ '"'tanoes, it 1s underst ndab.lo th t light is ~ fr qwnt-~ 

f ctor in the aquatic nvir"nm nt.n 

( ItS) ppli oion to tho surv1ve.l o ueke;ye iJ( coruieq nt~an )"' · 

1r ct om in far - the degr of productivity will limit th 

~pulat ons supporte • @ co a qu tion of co titi n bet en cfu , 

• 

The lo r limit of si and of f'oad abund 



DISSOLVED OXY N 

ith vie t.o :recor ing OJcygen cone ntr tions, samples nf t 

' tier t -v ious level , al my inolu.<.iing ·tho sur.1.a , usually th thermo• 

elJJ r gi n, 0 ample within £l re re t Of the bot.t J I taken 

with routine ur whil-

total ~ n :y th. W1nkler tbod.of determining dissolve gas 

ult 19.31) . 

h 

nt of any 1 i oduot. 

r 0 gan1c cay, imsl tab li a pbyaictll dynamic • Dtu-ing the 

~all overtm 1.cy-) occur f o 

physical asons. Tho period of duri 

Jud 1911; 

1 . 5) ., T v iation in o"XYi n s tur :tion t e pths of o, 40 ru SO f. et 

have been plo ·t in iirura 11 (table IX) hich is ~ypioal ex 

con itio .., for that portion of 'I~ ye~. No rocord has b n toke of 

oxy n tur :tion lou 4 (5 . 2 p .. P• m. , 9. V•, so rt .. ' Sept . 14, 1945) 

nd since this d 

litt dimi?nztion of the total rocy n c ntent ocour • It mi ht xpeat 

that wi t r ste. :tion ulcJ r rult in efieit, but all 

at'l:;e Jt . to 

aatur ti o ( . g., April 6 1945, 10 .• 5 p .. p.m., SO t t, ) . • , 78 per c t,. 

aturation). 

t ill not ll) that t t surf ox:y n 

rise ov 100 • ur t • 

occ urf a. 0 at r c iti • 

Sine t lity 0 ry, n in ture jJ.~ 
~~7 f ct would r ily xpl th ob rva pheno ll!h ~ . 
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ndo ly an ooti ind oireul :tion and unstabl.o thermocl 

during the SUDlllnr , ith submarine rlo patt rn during the winter, plsy 

~ inrp:nrtant y. t und fined role c. in the oxygen aturation at all levels in // 
ft 

the lake . 

i' IE IX 

Oxygen con ntratio t St ti n l, 1946 

~ D nth ·re . §rttm:a-Urzv 

A il 25 0 fee 6~7°c. u .7 p. p. m. 9~:.t 
6.o 11.4 91 

J 10 0 l 2 10.6 9S 
4.0 9.5 11 • .3 :m 
80 7 .. S 11. 0 93 

2; 0 12. 2 11. ; 105 
40 9.1 ll • .3 98 

7.6 ll.6 96 
June 10 0 13. 2 10.9 104 

40 u .4 11.3 103 
BO g.,1 10.8 91 

25 0 ll;.6 10 .. 6 104 
40 ]4. 1 12 .. 7 104 
80 s.s 11. 0 94 

July 10 0 16. 5 10.0 lJ 
40 14 .. l 9.9 96 

9.4 9 •. 2 78 
25 0 16.4 10. 0 102 

40 14, .. S ]J.O 101 
80 9 .. 0 9.9 85 

Aug. 10 0 ie.4 9.5 100 
40 15.0 9.4 9.3 so 9 .. 5 g.,; 71 

25 0 1s .. 4 9. 5 100 
40 16.o 9.4 95 
30 9.3 1 .. 0 61 

Sept lO 0 ie .. 9 9.s 104 
40 15.9 9.3 9.3 
80 io.2 6 .. 9 6l 

Oct. l4 0 12.2 10 .. s 100 
00 l0 .. 4 11.J 100 

orking on stre pollution 1 llis (1937) e nume 

oft 

conclud that in all of the S 1 009 c ' mixed fish 

carrying less th 4 P• p. m. d olvo 
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oxygen." At lO C. . . 4 P• p. m. dissolv d oxygen is eqivalent to .35 ~r cent . 

saturation. Embody (1927) states that the oxy n c..,ntcnt should n!>t be le 

than :; fh<h per litr for brook trout, i ... , 27 per cent . s :turation at lC>°C . 

Both lake trout ane whitefish re obtain from th bottom gill•oot set in 

certain l kas 'lf Wiseonain hen the oxyg n w s found to be strikingl\v 

(Birg"" a.11d Juday 1911) o At the t when the net {containing six trout) w r 

raloee. the b ttom :1:Ygen concentration as 0.9 e.c . r lit q with a eon n• 

tration of 2.1 c. c .. per iltr , two ter higher .. A rec rd of nix specime e 

ot hitefish talren at 67 tel"' in Gre n lake 1s :included, at hich dept;h 

tbs w ;t aontaini littla le than l c . c . of oxy n per litre (less than 10 (\ 

per cent .. at s0c ~ ). 
~"' 

! 

Gardner tham (1914) have aha m exper ntally that t 

of oxygen required by fish varie · with the tem rature of the 1 ~er. 

at 77.0°F . (25°c •. ) . This is also ess ntiall.v t for broolr. trout and rainbo 

trout. (Gutsell 1929) . To end (Towns nd and Ear st 1940; Townsend e 

Cheyrw 1944) has revie ed v ·i'>US minimum mry- n toleraneoa of almono:ld fiehe 

and point. out that these mini differ by er~ eight t . the la' al 

ob rved and that the highest is that reported by Gsrd~r and Le thrun, cited 

above . ., 

With thi information am taking into ccourrt that no oonsi eration ~: 
() 

has be n given to many po sible co plic :ting factor uch 

c bon dio ide ( Cre r 1930; Sh 1946)1 a ner l tat roont that, 

unle s oocygen concentration of 30 per cent . (1. e . ·about .:hS p. p .,m. or 

2 .. ; a . c . per lit at l0°e . ) , or less, ar disc er c1 in region of the 

~er b y or lak , than it i likely that ~ n is in 

1 :ting f ctor to either the istribution or exist nee of 8!V' pecio of 

senti tr 

for. ook ye by Chapman (1939) ho f. um that distre from lo oxygen 

could . nstrat· experimentally :t or below 3. 5 p.p. m. with com~in 
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high mperatures (up to l9. 2°C} o with an abo na 

or cm~ n dioxid (up to 2. 3 p. p. m. ) . 

concentration 

The :i.ruroeiliate pplication of this conclusion for Lakelse L ke muld 
• , r 

t .i I I ' 

be th t &;ckeye are l no partioule.i· way limite by oxygen deficit s ar.d that, 

in any c~nsid r tion f their higl".t lacustr• rtality, the problem of 

oxygen d.eficieno.y cnn, at least for the pre nt, be set sic1e (of .. Ricker 

1937, p 393) . 

HIDR!)GgN If) 1 CO NTRATIOt. OR pH. 

r cording of the extent of acidity or lkaUnity of th atcr, ticularly 

in the deeper ctfons re xperienoo has t.aught that t 

most likely t The eignifice.ne of the pH, es eially hen no 

' 
' , 

ff l 
•' . 

.... ~ .I ' 

L 

determina.tionm of oar n dioxid conc~ntrations are iru e, 
ti . 'l' 

) ' ' " ) 

' 
f ul as on index of rt in mriro ntal conditio (R on, 1939) . , · -

- <~-· .t 

At St tion l , pH recording ·e made t vario levels inolu.Cing the \) 

bottom (not clo r th 2 feet fro. tl otuol botto ) using 

'l' lor pH Sllde Co pm-at.or, el 'l'-o, 11th Bromt l Bl Slid 

(Ji:i 6 . 0-7 .. 6) Md s Crosol 

T l.t>r' and Co .. , B timo , • 

Slide {pH '7. 2- . B), msmlf'a.ot 

rever po sible, duplicate adin 

re e on th s sampl s of ater · ith t t o slide e Fro t 

fur·t;b r eh cks Qn r: liability of sueh 

color . tric fif: ld determinations 1 it beeruoo pparent 'that maey in· 

ccur cie · nd o oeeur with this system. 

U ing tl bromthymol blue allde the av ra r re in 

ith tl oviationn 

ur:f c pH • 7. 1 :!: 0 .. 2 

; 6.6 + 0. 2 
.. -
- o .. s + 0. 2 ... 
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T diffarenc is slight .. ThI·ou.ghout tbe pllimnion t pR 

as quit constant, usually with · slight drop through t be zone of t rmal 

stratification, end a somewhat greater drop in the .hyp:llimnion. Being 

close to the ut.rnl point (pH 7. 0) and exhibiting so little divex·g nee 

from this state it might be inferred that w a.tar eirculat.ion am g 

xcha.nze are quite u..11im · "'ed, that no excess of C02 accumulates, and that 

the products of bottom dee y ar· ell disper.., • In addil.ion t he; pU of 

the .inflowing rivers la 7 . 0 _ o. rc7 (table III) i'rom which it can he conclude 

that the surrow 'ing ore of drnina is not balanced to any exoeas tov1ard 

eieic or 1ka1ine deposit • 

Lalr..alse lake typifies a body of water with very lit le variation ~ 
l • I I 

in pH, aru mioh is only sl.ightly acidic . lnveat igat.ions to at.e · icat 

t hat even more seneitiva fish like trout can withstand d.d vad.ations in 

pH ( · edlam 1940) and that it is of little import. noo in foat.ing their 

distrlbution. Crea er -(1930) stat s that the "range of ·tolerunce lr,t brook 

trout varies t 1 ast from 4.1 to 9.5, a 1 further.mor tho hydrogen- ion 

eonoontr tion tlirt'ughout this r not em to shirt t e voluntary 

to· tion limits either of temper t~ r of dissolv oxygen content . " 

a n suilocn ohang a of fair mag,nitud , 2 .. 0 eho and belo th r.eutral p:>l.nt, 

can bo tolaraten by cert in s recies of C ntr c ( ieb l~.31) . Ttru , 

ith t x ption of possible microstrat.ifiaation of the botto fUrther 

co irleration of pH in Lakelse 1 a \rould seem needless vii th res .ct to it 

influence on_, or limitation o , animal life dthin the lake . 

CLASSIFICAl'ION 

s have been classified on various bases, 1 inly from porate 

and coll cti'(f c neii.ler tion of mean depth, oxygen content, tem r u:re, 

bo corbon-dioxide, dissolv d nutritiv mat ri lp plruikton oommunitie 
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botto t • lch (1935; 1941) R n (1939) hav re-vie 
c 

orit! ized the e cl ifioe.tio pointing out their useful spects and 

hort•eomings . (Arbitrary divi ions in dynamic anrl intergrated lake types 

v 

7 7 
1 

m .. e the e attempts ver;y inapplicable in certain c s . 1 Biologlc . Uy, it 

t ·'c:-y constitute an index of productivity then thEdr u f ulneos ar..d 

· pplic t.ion ohould eo in lorga m sure fromthis ~ pect . 

I 

In such a leke a Lake! th epilinmion ao ~ tute nearly ninet;y 

per cent ~ of the water vol by mid- summer and might 11 expected to 

have an amount or· o-zy n far xc in th :t of t hyp:)llmnion, reg le 

of any c1iscrflpeney in the amount of oy:y n r unit vol in t he two 

str :ta. Fro o:x:ygen rel tiona it utomatic~ beoo • 

It s mean d pth is uch to support thi classification, yet it relativ cf J- 'l 

t'J \ ? . 
· productio of socke when campar d 1th tb.e oligotro ie Cultus 1 io 

II ...____-
le and it plankton population l s not partioularly abwx'l nt .. 

ul'X! ti!')nab~ it may b pl ced ng the Te rate 1 ,Ordr2 

( ipple 1927) * i.e .. , . surface temperature vary &ho bel,.,w 4oC . ; te r -

ature of bottom w ter varies only lightly f r om 4°c. ; it h t m circulation 

period • )' 
During t r. oo rse of st y on the SkEEma river it w convenient )y'\ 

to cl s s ify th cifferP.nt 1 es into t o distin t r ron , '<ling third ,,,,-cl' 

al s called "Intermediate" merely to pl.ac t hose which ctually inter-

meet i e, in a. convenient corner . The two major cat gor1e ret (1) Deep, " 1 

eold bo ie llf wat r d1 ttnctly opaq ana r rey from gl oial ilt, and (2) , · 

t t her· shal.lo b Cites of ater, clear , of moderat t mf r turo , end aburnent 

in pl.el'lt 1~ • Lakelse lake i an x mple !>f the ecom type . 

l . Lek.el lak , in the Skeena river drain , i 

hallow (24 f et an cl pth) lakl , itu ted 1n th 

small (3,500 ere ) , 

tern nxtr~mity of t 

The district is of era.t climate 1th le.tiv 4' 
tall providin gls.c1 ource for tream 
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2. He vy trines tern to keep t ho jority of t.he lake in circulation 

durin the SUllllOOr resultin in unstable thermal etratifio :ti n,. am 

botto telllp)rature which ri e to 10°c and 11°c .. loo cover.age)usU8.lly 

last f'rom D cember to er ly April .. 

; ., Although the transpar ncy varia considerable 1t is ually C)V r 

10 ~ et ("' cehi s disc) _and considered as r by compari n with other 

l in th saroo drain • 

1.. T di solVi d oxy, n r mains high all year round• be 

in ry strict eypo ial zone . The minimum on record 4'JI, 

(5. 2 P•P• ., 9. ,0c .. ) . ~ 
,d, -( 

5. The }i:I w very abl throughout. ~ r. 1.y 
' 

6. The 1l'JG7 be olas lf'ie e~rophic snd tem r te ( oond order) . 

7 . A discussion of the application of th :firKlinge to t limitation 

of oclceye production ha been inelud • 
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II JOllNST'1N LAKE 

INl'RODUCTION 

In the years prior to 1936, eomnercial fishing 1ae permitt in 

ln 1er reaches of the Ecstohl river and it is considered by so that 

overfishing 1ruJy have resulted in a r dueeCI. escapament to the spawning 

streoms. Preliminary work was started on this a iil 1946 in ·order to 

certain its proc3uotive cap· cities. This con 1sted af a bnsio urvey 

on August 26 of one of the tributaries of the Ecstahl river, Johnston 

creek and lake . 

.PHYSIOGH Af HY a.nO 1.iORPrt~ 'l!:TH.Y 

The Ecstahl river enters tl e south si.ce of t.he Skeen , fl miles 

from 'its muth through a ~eep cleft in the Coast nnunt.ttins anc' stretch s 

south-e otward for n orly 40 miles . It flo s through very rugeed terrain, 

the xnounte.ins on each side in the lower area .ropp:tng steeply into the 

river bed. T1dal influence extends up the Ecstehl about thtirly miles to 

tho "forks" wh re Johnston lake nter from the east througb Johnston creek. 

Johnston lake , about two miles long and three quarters of a mile 

in width• has steeply inclined shl'>reo dropping off rapidly into a de p 

basin exceeding 165 feet in depth (figure l) . The ater contains slight 

glacial silt suspr~nsion rendering it opaque at a depth or about 15 feet . 

No further physical d ta hav bee n obtainea for this lake . 

r 



J hnot n 1 
( pth gr 

JOHNSTON LAKE 

MILES 0.5 

KILOMETRES O. !I 

DEPTH CONTOURS AT 10 METRE INTERVALS· 

I METRE• 3-28 'EET 

with bott m contour ia t 
t ~ tllan 50 • are not shown) . 

.... .... 



{ 

In ALliST AIR 

INl'RODUCTION 

Tl only epart on file Uted The .Al stair l -Git oix 

river i triet with having all c or salmon pr , 
but no r cord of build ce r cl ist:ributfon re ailable'. Such anty 

inf" . tion w s n re then likely obt. ined through un uthentio t reP>rt 

kno n to h been operating in th, bout 1915. 

Prior to this c: ate it i on r cr.>rd th t an I ian settle .ent exist d t t 

junction of the Gitnedoix nd Sk en r:lvers undoubt d.Qr obt i d 

so.lraon from the Git oix river for food . 

first attempt to lnnd on thi 1 by plane w mail in 1944 

in the ho of ding to the limit d Ml!')mrt o.f i~ r ti.on coneE·r 

b d r c1lit ic a rl. · nt of utiliz :ti.on. Thi ful 

by reason or lo11 v reaat oblit ting the l and making landing too 

h oWJ. No further att mpt w ma until 1946 1hen arr menta to 

this ups t :t the lost minute and the press o 

oth r not permit a r ,-or artization. In 1947, ho .ver, suppl , 

qui I nt and boat re tr nsix>rted by truck to a p:> int on the rth 

id of t ikee river almst opposite the utl t of the Git ix river 

on the opposite aid • two n the date of August 21 and 28 the lo ed 

b!lat as pulle , · and rag" up the river a into the lake, 

preliminary surv y co pleted the party returned to T rr • 

PHYSIOGRAPHY end l.1 HO TRY 

Inc t:i.gn 

mil a rr 

glaci t 

On th . outh side r f th Sl eena rf r n sl g tly over 40 

the co ther nt rs a r th.er bl •gre n e partinlly 

riv r, th G1tn oh:, which lows in ively direct 
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e,_,ur N. by N. W. from Al tair lake .. Tl loe ·ion of this lnlro , Lat " 

54° 9 ' N., Iong. 129° 15' • , pl.a s it almost centrally in t rjd or 

the Coast Range mountain which vary from 3 to 7 1000 feet in h ight run 
I 

in this particular nio average 41 500.. The lake itself is probably 500 

feet above se lev 11 but no accurat record1n of this exi..<lts . 

Particularly heacry snow fi Ul.s and gla.ci tion tU"e present in 

the valley of the mounts.in ncircling t,h • outh em anc1 give 1 ise to t o 

mein treruns which merge o third of a mile above the lake resulting in 

a coffllllr')n nutl t . Other than the t e> the rem inL'lg drainage into t.h lake 

is by ray of nu rou s all ere ks . 11hlch t.Wl..ible dovm s long nerrm ater-

fells for.ming small d ltas t the edge "'f th la.ke . 

The outlet to the lake is :t the nt)rth end where the Gitnadoix 

river flows throllf?l the flats of nnrrow valley mpty1ng into the Skeens 

oom twenty miles f1"om the ~ • From its aprearan and t . shoreline of 

the lake it might be concludecl that a rel tively stable water level exist • 

At the same ti ,,r th survey, wh n the lrike levels of ot.her areas in t 

Jn r Slroenn re apnroaehing a min1mal otate, that in A.last , ir leke w 

not much 1"v.rtir· than t.he e.vero high water 1100. It i p->ssibl-e that when 

rain w ter i s not maint ining th ter fln ini;o the lake t.hat sunlight 

and av rttge summer tem~ratur s me.int in tha supply through melting sno 

a.nil ice . 

From its geogf'aph:tcal insition, 40 mi.lea due east l')f the coast , 

and intor:rnl ting f'rom the grsdient r,f ch nr.in.: 1 tet')rnlogicnl conditions 

recor<1ed from ti st to e t &cross tbe Ske na d:rai119 . , the aver~ . rainfall 

is betwe n 50 and f:IJ inches ant' · the nversge J Ql1'1sry te-~mpE>raturo fall just 

below JO°F . Since the leke is very well proteeted from wind aation it is 

po oible that for part t'Jf the dnter months it 1 ic cover d . If such i 

the e it ia likely that this coverage 1mUld oo ncith r sol:ld nor e.vy .. 



SizA.. shave an bpttom cgnf'igurati2s 

Th lake is 5l miles long with an avers and fairly constant 

width or t mile, tapering slightly to the south ( f igure l) . Despite tha 

steeply inclinod untains which bord r the very edge of the lake am 

usually ehnrtleteriz desp bodies or water, sounding r ealed a flat and 

relativeiy shallow 'bottom at the no:rth em which gradually dropped off iio• 

ward the upper extremity reaching a maximum C!epth or 236 feet one•half 

mile from .the southern shore, and an av rage of slightly le than 75 feet 

in overall depth. Its ar a is approximately 1 1 500 acres which places it 

amongst 'l:.h· smallest lakes receiving particular study on t.be SkL.ena. . 

Very few rooted aquatic plants are IJ1'0St nt other than at the north 

end whero the grodual" and continuous Uf.Jt ard slo Gf the bottom result in 

an ea which i slowly becoming an extensive marsh be ver swempl • 

The remaining restrict very shallow portions of the lake ere t produet 

of active erosion caused by small creeks hich. ea c e do.m the untain 

side into tl: lake d positing gravel, sand . silt, not suited to · plant 

growth. Ther 1 con quent'.cy little in the way of shoreli which 

c.heraaterize productive lake • By fm."' t.he greatest ajority is rugged 1 

steep and str wn ith tree and ol.O debri • mostly water log and under 

the surf ce . Perhaps lOi' of tlie shoreline is of sand and gr vel. 

TE A'l'URE 

Wim force and oir ction play en int gre.l part in the tem_ rature 

gra ients of any lake . Additionel proof of limited 1ave action wa obtained 

by determining the v rtic 1 temperature ao itione in t · deepast portion of 

th~ lake (Statim:i 1} .. The temperatUTe relotir>ns sho d high thermoclim 

exte ing from 15 . 'l°C . at 15 fe~·t .o s.o0c. at 40 feet, folio by a ste dy 

rop to 4.4oC . a.t 200 feet . Th pr.otection forded by tl 

mountains undoubtedly ac ounts f"r uch high ant.I very st 

sm·r ounci ing 

low epillmnion 



hich did not even reach the proport.i ns of that for ch small lake 

Kit anga (Nt.imber V ) • A seaond ste.tinn set up m:)r ccntrslly in the lake 

sh'"l es~ ntially tho sane thermal ~ ient . Fro com i.son with contin-

U!lua recording of temperatures at l.akelse lake th period at the end of 

August ususlly coincides with the peak of msximum thermal state . Tho 

reooreings for Alas ... ir lake ore th eloae to rriaxirmim for t.h yem:, an 

important fact for determining heat ineoll'es . 

TRANSPARENCY 

Ff>r a lake · ith its ater source at times essential.l\v of 

glacinl. origin, the clarity of the water was considerably gra ter than might 

be expected .. The avera of di appearance and rea.p aranc of a echi 

dise was 25.7 feet which is among the de pest points of disap eranoo on 

record for Lakes f')f th S ena river. C nsiaering a fair abume.nce of 

plankton, then the amount of glacial silt in suspension might be exceedingly 

lrH afil1 lir11itation fl-om this source in phytoplankton procJ uctfon corr s 

om1ingly low. 1'he le.ck of disturbance of the at.er from wioo otion, and 

raimmter cont1·ibuting mainly to tho ere k clischar c:t the tilta or 
ins etion, probably r mtlted in maximw:i elnrity. 

DISSOt D OXYGEN 

Ni'.'> oxy-gen determinations ere e . It would eem mst likely, 

ho ever~ from th ru1ture of the lake th a large hypolimnion end subject 

to complet cireul it.ion twice year (fall spring ov rturn) that there 

is very littl }))ssibility of a def'ici ncy of oxygen at any level. 



IV 

INTRFJDUGTION 

K1tsumgallum, or more co , nly Ka.lum loka, although ituat d in t 

same istrlct as Lakeloo lake and of the same climntic conrlition , contrasts 

greatly in its physical ana chemical cheracteristics with tho or I.cl ls 

lak , being an example of a lake with conditions of a nature co~plete:1¥ 

o; J:-'OStte to t:1ose at ~lse and consequently ?f partiaul r interest in the 

effect 0f these on the biological pheMme • 1'hus, the run >r a ult oockeye 

up the at Lskcl is usually at ita reek by the thi.rd ek 

in August and is virtually ov r by the mica le of' September, where a this is 

the ak time for Knlum lake . La.kels is classif'i d as having ancnrly run, 

bile Kelum ean be gi-ouped with those lakes ing a late run. 

PllYSIOG:RAPHI and RPH01\.!ETRY 

·In Upper Cretac ous times it ppeors that certain of the t rritory 

rained by the present and upper Skeena rivers was ctuv.1~ then of 

co n drainage passing throlll!h an olrl eroded Kit allum - Le.kelse valley 

to mpty into the Paoifio in the territory no occupied by the Kit :t Ar 8 

This relation carried through the Jur sic Age but v completely disrupt 

refor during the Glacial Age &nO its t rrninatio~. With th upllftin 

o.f the Coast region the two lakes, Lal &lse am Kitsumgallum, were formed, 

the former draining north to the Skee and the latter south to the 

r1ver . In acJcUtion, very lo 'I height of land, just f!iviCiing the relativ 

drainag'f'! Area or the Kitsumgallum - Ske na link ge ar.i' the ne Nass rain ge 

s formed . The uplifting of the rock masses, though of oimilar struetur , 

was considerably great r in the Ritsumgallum territory resulting in mountain 

heights nearly 21000 feet above thos for Lnkelse prl'ld ing geolo ical 
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more •youthful" type of' terrain. The a.ltitud of th 1 tke itself is 

re 'nrt"a a 46g f et. 

Dr 

Hine main cree-ks each potn" colC glaci w ter into tl~e lake rrom 

t ne surrounc'ling mountains. S of these are rocky, fast flowing creeks 

while the remaining three, K lum, C dar and lsrm rivE>rs, ore more sluggish 

iith h avier silt eont m d oosited at their nutlets in the north and 

south ends. From the south· rn extreme, runnin southw am continuous 

ith the long axis cf the lake, is the Kitsumg llum river which joins the 

Skea river near Terrace . · Thls latter is not to be oonfu with the 

Kitsumgellum riv r emptying into the lake at the northern extremity which 

is known looally s the Beaver riv"r, although not recorded as such on 

ographical maps. 

T4' t.he above characteri stics may be ded t,hc folbwing data in 

tabular form for each river as rect)rded in the cond we k of July, 1944, 

and found to be t ypieal from subsequent visits ,aeh year. 

.. River Temwrat Ur.2. Clarity I ~ ,.j:J ' 0 ,, 

Kalum (Beaver) R. 7. 2.°c. Qtdte o que 

Cedar river 7 .~c Quite paque 

Clear er k 8.s0c. Clear 

Dry er ek ~.ooc . Cle or 

Falls er 11. 2°0. dium o 

Dougl creek s.2°c . Oloar to cloudy 

on ere k J.2 .. o<>c . Clear 

Nelson river s. ;<>c . Very o us 

Camp creek · 10. 5°c. Fairly clear 

The climate is 'best r .prcsente by t. t r cordea for T rr (refer 

to Lakel e lake) but undoubtedly' h local characteristic as a re ult (')f ite 

particular mountain µrofil • 

7 



In area r.1tsumgallum lake Cl')V€rS 6.~ sq . mil.en being ap Tl") ime.tely 

6 . ~ ,nil s lone; a ' av raging l to 1. 6 miles wlrle . 

Routine snunclings revealed a lake wjth sherply•inclined end 

p:r cipitrm.e shores dropning off st-"eply on t.he e stP-rn o.nd eatern sides 

from th base of ltt'!arby munteins to depths 0f over 400 feet, rising mre 

~Tnc1ually at the narrow nort.b a.oo &">uth enf. tn shallow glacial silt flat 

formec' by the Kslwn and Nelson Tivers . The whole lak is virtually one large 

basin of .300 to 400 feet in depth as repr sente.d in the map, (figure 1) 

·rhich shows the contour lines at either end for 5, 251 SO and 75 fe t ith 

those for 100, 200, 300 and 400 feet completed for tl e whole lake . 

Although this lake is over seventy miles inl.and i":r·om the ooe.st , 

arxl •tu.ated in th€' heart or the muntoins forming the eastern side of the 

Coast. range , parts of it bottom are actually below sea fovel. The fact is 

interesting in any consideration of the genhgical nrigin 'f the rep:ion 

and of the fish populations therein. 

T~1. ffiRATlJRE 

Since Kitsumgellum is fre.qui:>\'\tly subject to heavy wim action 

and so unifornly deep, it PoSoosses a sufficiEntly large volume nf 11 

circulat.eo Y1eter to be relativezy inflexible in its temper :ture changes . 

The fi'eets of the sun' r .. intion over the comparatively small surface 

.ar ore distributed rlown trarough oonv .ctfon, conduction, and wind 

agitatir:>n. I . at disai pated through the aetion of these prevailing winds 

and cono quent wev, motion is soon i,, t tn recognition in the greet 

capacity of the lake to absorb heat enil yet eho little manifest change 

in temper tur • It was not practical to int in a party in the ar a 

throughout the year, but visits r made at selected ti s when t 

temperatures in Lakel ere altoost at , o:r had re ched their oummer maximum. 

With the exception of very localiz allow strata , hlch so time occur 
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for bri f Tiods aft r windless sunny oay ,. the surf ce temperature did 

mt ri above 13°c . (55.4°F . ) . The temperatur at a depth c f 150 feet 

varies just over two Centigrade degrees throu:~hnut the yea:r (4° to 6°), 

while the bot tom remairis unahanped st 4 °c. ( 39. 2°F .. ) • 

Although it is true that cert in fo of lif thrive in such 

low tem ra.tures, it is not the general rule for fresh-vmter plant and 

animal life. In Kitsumgallum there exists the le est number of mall 

fi:>od organisms (plankton) per unit volwoo 'lf any ? f' t he Skeens l e s thus 

fer investige.t d . It is also well kmwn t 11 t f;_JT<")wth rates ar· . alnnst 

invariably re0ucec1 by low temperatur .. 

TR PARBOOY 

In any lake small plant forms are the baaic item i n 'the f 0od cycle 

and on the depe the small micro copic animals which are in turn the 

""' food of young sockeye . F.or these minute plant .form sunlight is r, n eea s:ry 

prerequisite .. In Kit umgt:U.lum lake penetration of light to any appreoieble 

depth is greatly reduced by the prodigious quantity of glaeiel s lt 1n · 

nsion. This is eonstant'.cy poured down from the nnuntain sirles, 

particularly in the spring and summer, by the lar r liJtreamo.. So great 1 . 

the concentration of this silt that e. Sacchi disc (an 8-inch_ whit circle 

on an ll-inoh black square) has en visible during the summers of the st 

t hree years to a dep h of onfy one or two feet belo the surface.. Samples 

of water taken from the altl"f ace show a o istinot gr y mist . Surprisingly 

e nough, ssmples broueht up fro 100 feet or lower are quite el€Jar . This 

deep zo , , th hypolimnion or area of ater below the region of sudden 

tempe1·atttre change (the thermocline), is known to be subject to ciroul tion 

anly twice a yea~ . Through t.his relatively stagnant hypolimnion, settling 

of silt particles must oocur as is well proven by bottom samples of fin 

grey mud throughout the lak • Such bottom could hardly expected to 



support bottom ,,rganisms to acy great cl gr.ea .. 

DISSOLV.ttD OXYGEN 

The oxygen coneentrations 11 even in the miCWle f)f the surnmer 

stagnation ~rioo , have been f'ountl ti' be exceedingly high, rare:cy being 

:reduced below SO per cant . saturation.. Since it is ed that so win­

ters pass without iee coverage, in all like~hood exygen saturations remain 

at a high level throughout the complete year . 

HYDROGEN-ION Cl)NCEN.fRATIOM 

The pH or hydrogen-ion concentration is equally s stable as th t 

recor-ded fl')r Lakelse lake am very close to the neutral point (7.0) . 



v KITWA~ A LARE 

INl'RODUCTION 

Kit an lake is one of the smaller sockeye nm-sery El . s on 

thEl lower Sleena. A four eek study .as made 0f the area in Auev.et , 1945 

the findi.Ttga checked n the following two SWll!OOrs during short tri 

made to · estimate the spavming escapement • 

PHISIOGR.A.Plff and MORPHO ~y 

Location and Geo1oa 

Kitwfing. lake lies in broad mountain bordered v lley hich 

ope north ard from the main Skeena valley at tnint 150 mile east of 

Prin Rupert and 20 mile uth r;est of lla.oolton. The lolm :ts located 

20 miles up the valley from the Ske na river. North of the lake the valle:y­

opens out , joinin,:, the Cranberry river on Nass drainage which in t'lttll is 

parated from t ~ah b in of the KispiGx ystem by a ridg of 

hills. 

locate at 55° .30v N .. ,, 128° 00' W. t lnke is on the ·st rn 

margin of the Interior Plat ou are of Br lt.ish Columbia at an altitud of 

P' 'l'OXirnately 600 re t . The lake ras formed by glacial a.atir>n toward th 

end o:r the Pleistocen perio<l and has a bed-rock of sediments p!'nb bly or 

eerly Cretaceinus n consisting mainly of argillite with so~ intcrb dd ~ 

sandstone . 

D 

The largest tributary of Kitwanga lake enters at the north-east rn 

corner from an xtensiVi mu~ g and willo area which strotche north of 

th lak to the Cranberry. It is a small, slo •flowing creek as y. rt unnmood 

which in it . lo er re ehe average JO feet in dth 5 feet in depth. 

Tw mile fro the 1 it commences to break up into small ehann l • The 
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c ek i evidently of little import c as 

he coniter f'orested slopes to tl east and l st of ·· e 

by 12 small clear treaml ta and lake spavmin mw.:rt. occur 

lll.">Uths or in other seep ar • 

their 

The climate , typical of th area oulld el ton, is ehara<rt -

iz by 11 an air tell!p.'r :ture of 15°.F .. in J :u.ary in.er aaing to 60 • in 

July ane:. an annual precipitation of bout lB · ch s . 

i~ tl{rtt lak< ~ t t ling 4. 5 I!l.ilee in length~ is re ally t . 

lakes, the 1ar northern portion nith an or or 2.4 uare miles be 

par :teti from tl small s utlleTn ction, 

channel 25 to 50 feet in width. The pbotn 

Figure 31 illustrate this relation hip. 

pb, Fi 

Tl shorel is com t.:1: ly long, 13.s miles,, 

isl ..,. and bays.. T otual ghora, in E'igur 

peb lee with lit tl ve t.at:tnn. Sh 

t the n rthern 

of r ed nnd hor tails p • 

In Figur 3 e sub tt the d pth contour or the leke hioh 

illuctrat the istinot hallowne s of the water. Sou.nO • g in the 

ortl.ern p:>rtion did not 

44 f< et (]J • .{,, tres), "t 

ce d 32 fe t and t greatE:st epth ob rved , 

in the south rn p:>rtion. E ction of the 

lake me.int a fait'ly' unii'orm depth~ t northern, 25 to 30 f 

souther n, .30 to 40 f et. 

lake. • ind oti n rn intains n id rable circulation i the all I!Ort rn 

·otion during the s r nt. Int dle of J , l !40 thE.r 



N 

KITWANGA LAKE 
CONTOUR LINES AT 

TEN FOOT INTERVALS 

(3.048 METRES} 

SCALE 
MILES 

0 10 
-'·--i 

0 1.0 
KMS . 

Figure 3. Oontour map of Kitwanga lake. 

, 
' ' ' ' 

. . . . 
I 

KIT._;ANGA RIVER . 
: 



- .3 -

of 5,.3°c. (9. 5°f') bet, n surface e.rw:1 bottom (27 feet) 

tem r tures 1>' hioh d ere e later in the s~r. On Augu.CJt 141 1946 t 

surface temj;erature as 16 .t>c ~ (6l.. 2°F.) ancJ tl bottom lJe3°C . (55.9°:F . ), 

g1vitl..g a differ nee of onl3 2. CJ°C . (5 .. 2°F) ., On th· oth r hand , t 

a moderat .. :cy-

ll d fined thermo<~line bet een 15 rux1 25 feet enrly 1n the SUl'Jlfrer, oxtend• 

ing do to .30 f et by mitI- Septow.ber. lU.ml action produce unif,>1'1n 

tem r tures ns . igh as 15 .. ?°c .. ( 50. 3°F .. ) in the up~r 15 feet but tl 

temper-tut t the bottom ~1 r. et) do mt exeoe 7.o0c .. (JA .. 6°F) . '1~ 

lake is probably oove with ice or bout .four mnt during the winter . 

The water of Kit mng leke i clear in mid9UlliTrer . 'I'he :var a 

-epth of disappeere.nco Rnfl roap1 earanoo of a Seechi disc f".>r re ing i'rom 

July 1 o ~ptember re 16 2 r t in tbe northern pr·rt onii 21. 0 feet in t 

sou.thorn.. Vnrintions from 27.,1 feet t.., lJ . J feet 1.- :ve been recordeCI, os 

o. result of vnriations in bundence t"Jf the }ilytoplo11kton which at t a 

is very abundant . 

DISSOLVED OXYGEN 

During the St111it'ller mnths, t aters of Kit 

sufficiently 11 ciroulste U> provide atJequate oxy ,n supplies to t 

upper 20 reet of t mrt rn l and the 'l.lpfer 30 feet of the southern. 

Distinct ooeygen eepletion does occur in the lo r lD :rest of th0 .mrthern 

ction In spite ~r the high ten aturo that l.rxlioate ~~-~.I 
cireul :ti()n., A nt in Tab I 1 aturation as ln 11 per oont . 

have been recorded t 'Z1 feet ., Again in the southBrn l.sl«t, i~uction of 

oxy Jn to pra.ctic lfy zero t place in the lo r 1.3 or l4 fo t 

r st gnation oeres • This le.ck ,.,r oxy . n, t re t ntly 

of hi gh r .to ()f organic d c.ey , en mo.l metabolism am the stntic n.eture 
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Gf the lo r lev l is the onq record in the Skeen 1 inv stigat 

to date . It is not cons e to be r ious limiting f ctor to production 

in this lel e bee use it arr cts minor . pert nf th total volume of tbe lu • 

TAB " I 

A. Narthern Sestion 

Aug. 31, 1945 

Jul. 14, 1946 

Aug. l.4, 1946 

Aug. 7, 1945 

Aug. 30, 1945 

Jul. 15, 1946 

Aug. ll.,, 1946 

0 ' 
15 ' 
27 ' 

Ot 
15 8 

20 ' 
25 ' 

0 ' 
20 ' 
40' 

0 ' 
20 ' 
40 ' 

0' 
20 ' 
40 ' 

0 ' 
20' 
.30' 
3;• 
40.1 

17.-/'c . 
16. 8 
15.4 

17.8 
15.S 
12. 5 

16. 2 
15.9 
14·4 
13.3 

17. 2 
i:; .3 
6.6 

16 .. 8 
J.4.6 
7.6 
6.6 
5.95 

Oxvgen 

9.9 
S.6 
'.3 ·4 

9.9 
9. 5 
7.g 
) . 0 

s.3 
20. 2 
12.4 

9.0 
9.9 
o.o 

10. l 
s.4 
4. 5 
0.14 
0.14 

s 

9$ 
91 
33 

104 
S6 
11 

100 
95 
75 
28 

91 
107 

24 

96 
97 

0 

lOO 
if"/ 
7 

103 
g2 
37 

2 
2 

H!DROGEN ION CONCElfl'RATION 

S ple of S1Jrf8! , nWJdle bott<>m waters of the lake 

t ated ith Taylor pH Slid Co ator, No vsriation gre ter thon 0. 5 f'ro 

utral record with the botto at re tel'JOing to be n srest t neutral 

point. 



VI LAKES OF THE m4 SYSTEM 

ImRODUCTION 

The ohnin or three lake comprisirlg what is called locolly t 

Lac-da-d~ drains int,o the Ki po:lx river through Stephens creek • . A five-

ck aurv y of the a conducted in 1945 demonstrated that the spawning 

ground srea in the system ap are to be the immec1iate limiting r ctor 

for aoeke;,e product.ion. Subaequ., surv~ys in 1946 o.nd 1947 re made fo'.!l" 

spewning esc paroont counts sole4'· 

PHISIOORAPHt and l'."~PHQMETRY 

.Loeetign Geologr 

The Lac-cl. "'\"Jab lies 55° 41' N am 128° 1+0' \1 1 40 mile N'N'.i'l of 

Hazelton .. rr. 70 mile e st of' the Portlt'11JO canal. Tho be.sin containing 

t he lake lies on the ea.stern siile of the coast mount ins, on the border of 

the Int rfor Plate n which is comp-.> c1 or volcanic ruX! sedimentary rooks 

ot ie for tion.. Since no ma of the ea nr- yet availabl , the 

o.lt1tude is estim ted at 1500 feet . 

The drains • boundaries ore marked by lo mountains 1hich sepsre: 

the are from tbe Cranberry drainage to t.he \lest anCl the N: s drain to 

the Mrth. Bet e n the lake and the Kisp:>:lx river small hills who 

lo er portions run into marshland. 

am Clim 

Falls creek is the only notable stream f 11) ing int(') any of the 

t ;.roe lake • Compared t o other Skeena atreruns, it is relatiw~ly small. 

Sin it arises in turn from a small lake at its 110 water , it is clear , 

but i so reetr · oted in size t hat the spatrning fecilitios are very definitely 

restrict • 
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- Fish do not enter the stream until the odv nt of fall ra , 

t hich are ohara.e1ier.iatie of the area and reflected 1n the thick growth 

of pruoo under which the ground ls deeply carpet d with mo • s r 

oonthe ere hot and dry in most yoers. 

In contrast ith too erratic :t r levels of Falls creek, Club 

_creek is quite stable as a result of the re ervoir action of Swan lake. 

Thi intermediate water course (see Fig. 1) provid s the usable spauning 

gravel for the area. Drainage of tho restricted besin ia effectoo largely 

by epage and !"()US very a.mall cr~ek which imivid~ de rve llttls 

not!; • 

1 Sh pe aaj 119ttgm Confimar;tion 

Swan lak! /1 the largest an.Cl uppermost f)f the three lake , exhibits 

the roost irregular shoreline end bot.tom configurst.ion of the three . Though 

poroximErtely only seven miles long and two miles dde it contains forty• 

nine islands of ve.rying size, which contribute greatly to an alreacy , 

extensive shore developocnt . The maximum depth, in spite of the nmnerou 

islands, is 64 meter ( 210 feet) • 

Club lake is a ahallo, enl rgement of Club creek approximatel3 

one mile long.. The bottom, which is elnnst devoid of plant life, is muddy 

and seldom mre th.an 5 m.. ( 16 feet) deep. 

Stephens lDke, in contrast with Swan lake , has less shore 

development and is only three and one-half miles long by one m1le ice at 

its grti&test idtb. The deepest area i found e.t the entrance t(') tl'ie lorgo 

bey t.o the south, here the c:iepth is about one-third the maximum of Swan 

lakJ , or 26 m. (S; feet) . The lack of islands !neicRtes the gently sloping, 

evenly contoured bottom configuration. The shallo 'I shoreline is given over 

to plant growt,h nnre extensively than either Swen or Club lakes . 
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Luring the er roont.hs, S an and St.c:.pLc na lnke exhibits 

ma:rk~d thermal tra:t.ification with well efine theTmoclines. Although t 

bottom w ter of Swan l bee use of ere t r depth "'e BS cold oo 4 .. 3°c. 

(40°.F . ), the lake 1atera show a greater dept.h nf heat c.istribution than 

·Stephens lake who 20 m. ters 5.o"c. (4l°F) . Thi is du chiefly 

t" the greater surf'a expo d to wind act.ion in S mn 1 • Higher sur-

face t mper ture (20.; 0c. or 60'7) al o char cteristie nf Stephens 

l • With such conditions vailing there should be no l"S strict ion in 

the pracuction of food organi"'ms in either 1 le . 

Although no Secchi Cli c re ir1g.. ei e taken on the Ki znh 1 , 
they may be eoneide relatively el ar .. might x cted from t 

rolling nature of the surrounding country and· laak of glaei rs , t re is 

no indic tion of glacial ilt . T , slightly greater turbidity pp nt in 

Stephen 1nl e is :ttributable to a strr>nger growth (')f p}\yto•nm zooplankton 

in tl ,.., surface w t .r , thought to be brought on by the more typically 

eutr phic ohar cter of th 

OXYGEN 

l'Jxygen det rminations made during th periot3 or maxi.lflUJil heat 

C':mtent in both Stepbc and S lekee sho ed high coneentr tio 

depth • Sine Sw leke · ported locally to be fre of ice. in so 
e 

t1inter , th re 1 little lik,fihood t')f winter stagnation in this lake . 

Step..11ens lr.k i k:no\'lll to fre ze every wint r 11 but ther is no reason to 

:mppo that it vou.lii suffer oxygen d. pletion during t wint r. 



vn nRICE LA.KE 

If1fRl")DUCTION 

For salmon which h ~e migrated up the Skeen ri~ r s far 

Hazelton, di i ion in the ater course is presented . They may either 

ng north and continua alo tho Skeen.a, or proc d in a snuth asterly 

dir ction up the Bulkley. M<>st of tho which foll~ the latt r rnut 

fight their way through the gorge t H gwilget and continua their jour y 

through t.he 20 to 25 mil s of t Dulltley canyon to Uori town fall • H re 

the pink n, grhxnchus ak st of th four pecSi 

involved , i pparently" stopped by the force of ater poUY'~g over the 25-

foot cascade • About SO mile inland from ri to just belo the 

vill of Houston, another cltoi in route i offered to tho fi which 

remain. By far the lnrgtJst number, in fa.et almst all, continue in rullJ up 

through th eold, fastflowing , grqish glacial aters of' the Morice riv r 

even to • rice lake end its tributary stre lying 60 to 70 miles to the 

south st. There 1 a yet no known definite reason why onl.1 very few 

mov up th war 1 alo r-fl.t> ing, clear U & r Bulkley whieh wind through 

the rnletivoly flat f erm lands of th district to Dulkley lake about i._O 

miles eostwara . 

In all the long ~ourney to the heed aters , the two oost ciffioult 

natural obstacle to the migr£ltion f salmon are undnubtooly the tm-bulent 

waters t. H gw1l t end the. falls at &riceto • No such erious hazards 

occur in the Morice riV~'r bove its junotion wit.h the UpPCr Bulkley, but 

thc:r is no denying the fact that the stil.JMn which tr erse it t expenrl 

considerab1 effort to navigat th fas· hlte water, t rapid , log 

· j 1 and o~ns which characterize its entire length of 60 or 70 miles to 

t lake . In ri lake an opport.unity is afforded for a temporary halt in 

the f l ight to ch the spavmlng ground.Se So salmon, ho ever , particularl.3' 

the eoho, 2· K utch, 'lf11l3' alroacJy l1 :ve branch d oft to ant r stre s tributary 
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to t river it lf. Other may have stopped to pmm in the upper re ch s 

of tbe main f;mrlce river. Still othf'!rs, lik tho r:iring sawn, Q• ~t~o:::..i. 

tachs, ir.ay hav. ntered the lak , and, when mature, h :ve dr:lpper1 back to 

·1tilize the deep gr :vel bed in the last. few :miles of the r~orice rlwr. 

lncatiqn nd G99lomr 

In th extr uthern ctor of cJrain in th Ske na river 

syste lie co pa.rativezy- lorga lak , Morice lrilie, Lat. 54° o" U .. , Long. 

l'Zf' 40n . , lev :tion 21614 et, itu ted in a b in bet en two mountain 

rid of 5 ,ooo feP-t nd over which almost compl tezy eneirele it.$ only th 

north aat shore, in t r gion of McBride lake ond the entrance of t 

~Janik river, being relatively fl t . From tJ; north · ast extremity where it 

is drain d by a 1ngle lar@! river, th f&>rice river, it extend south- est 

' 
for ·di t ce of no ly 30 miles. With the exception of lor bay, Atna. 

bay, hich stretehe west arc:l for four mile ne the centre of the lake, 

it is only from one to t o miles in w1c1 t.h. 

ln ffe ral t.he loke lies in exposur _ rif coast r nge intrusive 

from tt Ju:r ssic and, or,, Cretaceous perfod consisting mainly of· granit s 

and quartz with feUl• par f e:r,nsit • Gl ciation has c1ified the topogr pby 

of t.he entire district anC! is 111 active in the many alp glaciers 

abreast nf the lake e R'>cks are ell XlX>Sed only in so burned are s, on 

th steeper slo s and abov timberline at about 4,500 feflt while the lo lEU'Jid 

are heavily timberea . In mo t place · the rockn JX'S as marked fraotures 

th ti result in th production of heavy talus slope on wmy of the higher 

wrt,ait • Lana lidas are not uncolllm:)n it bringing with them m tre from 

the nnuntain sic1e hich may seen lining the eClge of the shor , part.icu-

lar]\r t the n.l')rth .astern .nd here tl y have drifted Wlder the in.flu.en 

of' pr vtdling outh- est rly wind • 
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Drainn C limgte 

In t high deap valleys bet een the mountains, immense ano' field 

and ice beds proviil. a reservoir f xom which the numerous caso ing rivulet 

and 1aterl'alle tumb do }X>uring cold silterl ater into tte lake t many 

p-.>inta. 

The ar o~ two tributary otream of any volUJ'IO or importance, 

the .:'I the Atna. The .~anika. river, arising in Kid price lake and 

flowing in a north rly direction, <..-tually provides t'.~n f1nel outlet for 

two other erately large bodie of w ter, St. pp am. .lanika 1 :kes. Thia 

cha.in in which Kidprice is centra.14' located, lioa in valley on th other 

ai..f l')f a roountaiu rid from Morice lak about g miles to tho south-east . 

On the Uanika im e(lia.tely bel".> its point ,.,f out lo fr()m l.1dprice lake, 

ia a foils 40 r et or mre in height hiah compl tely bl..ocks the mo tr. nt 

of tie snlmon upstream. The Atna river draining th roountoinous ar to 

th . st, xptmds into a smell lo.ko a r w miles b fore it enter Atn bq. 

T a-quarter l')f a. mile from its outlet are t 10 falls , o just. above the 

other, res ctively 13 and 10 r t in height . The e rt inly could n.,t be 

conaide. c1 complete btiITier to sa.lmn, but they constituto d finite 

hnzard to furth r upst.re m1gr :tion .. 

No climatologio l station h s ever been stabli d in th1 ... gion. 

Ha r , from its positio , al.titude and physical a.p or 100 it border 

on the eastern ez:tr mity of the Oo st type eo itio and be not unlike 

Le.kel lake in ge ral precipit i n. Th altitud woulcl lo r the_ aver 

tem rat consi.i erebly pro iii increa sno a.'lrl ice f'ielda . In tl 

s pri ng floo (}f 194~ th€ lhllkley river :ras as torr-,ntial as o.ny. Its volume 

".1f flow ls rnain.:cy a product of the brice la e drainage anil it ppa.rent 

that t.he cone ltions re Vf'ry aimilar at ~;;oriae lake wt.en com with 

Lakr 1 rather than with B bine . 
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Size . Sh 

A might be expected from t l1e topop7 pny rif t h erce. t r , lake is 

very UEH P• In mst of t he orea, the w t er reaches de pths 0f' at lenst 200 feet, 

while in t i- southern ·arm and central portion ther are lei·ge basins ov r 

500 f eet in depth. The imum depth h not yet been recorded. It is at 

least T/5 feet and m possibly re eh l,000 (figure 1) .. 

The sat)re line· is irregular end roa9' ith little gravel or 

except. in the regions of the outlet of the Nanik river and thGl outlet 

of Mori lake . Shallo waters are complete:cy laoking with the exception 

of one small bey, Nw.r•~ bey., near th mouth of the atroam of the same name . 

No hwm.te ar mud bottoms re diseov :red, only silt, s and gravel. 

Conditions ueh t.he h :ve apparently result in a complete lack of 

rooted aquatic ,,, gite.tion . In consequencei praai~ically no ducks and 

frequent the area. i ith the exception of se ttered llr:'rga.nsers aril loo , 

t he 1 !_ke is singularly deficient in b:h-d like . 

By use f')f bathytliermgr ph records re mooe mainly 1n the 

centre l')f the lake, up to 300 feet, opposite the outlet of the Nani.ks. river 

wh :re a station was cstabli.shed for repetition nf determinations and for 

plankton sampling. ')ther recoroings up to /iOO f'eet w re meile centrally in 

the 1 • From these it was ap nt t het by for the largest volume •)f the 

lake :ter, belov 200 feet, never v ieO mre t han 1°c. No t mperatu:re 

abov 5°c . a obtain at a depth ..,f 200 feet ~bile by 350, 4°c. w reached 

and eons quently the min1mwn for t :t ti of year . F d by glaciers and 

deep it. is 11 it is not surprising that even 1n mid-~r the surf a 

tem r ture of the 1 doe not ri above l.4°C. 

Conditions such ea these hould certainly induce ho y of ter 

of lo productivity. This is evidenc by the relative scarcity of both 
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food organ.is (plankton, bottom f tma, etc. ) anc1 fish. 

'l'RAaSPAREJCY 

Despite the h.onvy glacial silt which ma · s visibility restricted 

to matter 0f inehe in the streon· , water trans ency within the l 

oot .rmiood by stan .nrd Seechi clisa, was reenrded et 15 fe<et. ln e~ly 

• 

Septemt r of 1944 while in August of 1945 it as just over 9 feot, ohenging 

to ?t feet by September of th :t yesr foll.owing period of cl er warm 

o :ther. It is prob th t later in th y. sr vb.en the 1 in 

f'roz n aDd are not lted by, sum\ :t the nter trans ncy 

mere s progre sivoly. 

OXYGEN 

fb ox:yi n det roination re • It would seem mat like~~ 

ho er• from tho nature of th lake e.!1d the heavy witld thnt oirculate th 

li at :r that ther is ll.ttle · inssibility of a deficiency of oxygen t 

level. 



VIII 

INI'RODUCTION 

T s of abine lake (172 sq. mi. ) "~"'' .... 

the surveying of it plw ioal fi lrtiur. s a formidable ·~ 

set . During too first two ur.mer of inv etig :tion on.13 

recor ings of an rat<>cy :ture , i1'e 

enough to make 

tbe eey out• - ----

c need . In 1946 the lake a sub ivid into thr e divisions (figure l) 

mxl aoh of the considered as par :te "lalm n with 

resp:>nsib for all research in aeh division. y int gr :ting the finding 

a conipo i picture of this her diverse lake cou.1.d be e o.blished . This 

ubdiviaion of oper tions as maintained in 1947 and to so d gr e in 1948. 

int r obs :tio have been conduct almost ntirely :t t extrerre 

north restern emi, ith o 

section of the lake .. 

rt vi it in February of' 1945 to the c ntral 

In the over ll sockeye salnr>n CODOD'\Y of t Slwe Rivi ?' Babine 

lak i t jor controllins unit . OvAr half the total sockeye e c nt 

moves into this body of w ter spawns in its tributerie • Vm-i :tion in 

ptw io 1 or biological conditions affecting s~n here in Bebim could 

pl9-V m or part in · ing or creasing t commercial catch. 

FtiYSIOGR 

Babina lie betw en t 125th am )J?th lel of 

longitud with its or inage ar a extendin yond the limits. It ee 

f1~m p oxi at ~ 54° 30 9 to 55° 20' N. Lat . (figure 1) in nort terly 

direction almost allel to the Bulkley rivor 15 to 30 mil s Mut st of 

it . · t eon thi river am the 1ak s lies t Bobi 

extensiv :range b tween 5,000 and 10,000 feet high,. the eastern slo · of 

hich or in into Bab lake . To t east lies open, l r, rolling 
. I 

) 
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co-uniey stretching to th: foothills of' the Rockie 

alt ud aa high ;.ooo r t . Thi is not ch higher than th l 

it lf ich i . reco d as. 21332 feet in altitud • 

T e northern half of the lake l:t s 1n an ext=~s of roc.l ;;.> and 

laci l talus e £1.y fro LG r Cret ous t o:tc) whiJ t 

?Uthe:rn half { liehtly more thnn Divi ion I ) is o in bnsin t 

< lcanic roe .. A J))rt ion of erod r 1 

c ief ly o o~oio ori in* Elld.rt nbout twenty-five mil 

c- stern 

th r lativ ispoaition r.tf t' mountain r 

eral topo majority of' the ri: r flo ing into thi 

st m fr: m t glac ano fi lds t t 

bounder.y al.mo barren. The uUet is at the tip of the llOrth• 

via t up r B in rivi r thr ugh Nilkit by r 

Dnbine ri r to join the Skee river 45 mile d at. 

rt nt chal':act ri tic ~ 

• B&ttgm 

ll. 5 0 Clear 3ot Gravel mUe 
" 150' 

17 .. 0 u 20' . mile 
10 .. 0 11 30' " 25 .. 0 . u 60' 
11. 5 lOt l 2 n 
12 .. 0 n !50' 4 Q 

11. 0 n so·Q 4 u.o lo• n ·--11 .. 5 n 45' ft 

~: 1.3~0 150 100' 
k - ft .30' 2 tt .. 10• ft 

- 6Qt " " " -
thy ego ,, f gr l 

ntl,y not oh th ir cour freq t.ly or· r 1n 

Ili.SJ\Y' year • 



Fro June 17 t r 20 in 1947 th level drop d 

r te f . ;5n r dn;y. Thia ia typicnl of mo 

cord in tha:t the peek of at ·r height usually occurs ut t 

third of J 

S:l'tlWlling month o 

T cl 

ms 

while tl . lo t. level are record during t 

• 

f th B or is a otori by 

August t mpor ture 56 ) 

rature 10 ) th the l annual rninfe. of shout 

e t ,, the C ast ran • 

T ar of B 

172 sq. il • It . disti 

ithin th bo arie -. of Briti 

as 

Its ere 1nl3 by it 

n 

ctu ],y' t ler 

th n mile to s .. s mil s 1n t central ri gi n 

( right 9 Bey) .. hi :result in th 

6 .. 59 on th 

t{) ho t 

.. The phot ~ 

T bottom configur :tio , illu r 

a ntrol d px s ion xte thr ughout th 

e'VI lo nt of 

in figure 5 rev 

n body of the l 

nt 

v yin from 80 to 140 t r (260 rt . to 4f/J rt . ) . T. deepest rtion 

i lo :tc in t c ntral s uth rn sector hieh ex a l~O meter 

( 680 f ot) . Thi co :r sts with 

hi 30 ter 

(100 fe ) in rtion of t 1 r stern 
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The ut rn di: i ion c be d ~tribed 

line hich dro off sharply into deep at.er, 

havin e. ow ehor -

consisto l)f ix conf l nt 

: l - ntly sloping sand ru:xl srore ( ) ; 2 - gently loping f 

gravel (19; ); .3 - gentl.\Y' slo ing brok n rock a: bould r (4, )J 4 ... r 

st eply l.nc sho ith r· gr 1 on r placed ith cou:roo gr l 

( }; 5 • brol n roe on a c i pit ious slo ( ) ; and , 
blufi' 

a: is r 

1v s v cy conci de oripti n of thi major Divi ion 

ll applicable to the hol lal wi:th the- ception f 

t hallo er which have less rock, not 

c te 

The t 

b th . e 

t rim ph :t se 

1'.Em.r;~"'-

:t Babine lake h been 

d ep• a r. · v !!Sing tber11 

sur by m31:ms of 

nc1 a deep atey-

:te statir .. ns loca.t d in ch f th t' Vivi ins. 

• :ter co xist tor 1946 1947 f r the St tion e abli., no 

t north stern tip. 

An aver or lD°F . c-12.2 c • ) in J o.nuar.,v has 

ca.rd f Fort t . J which the re nt tive 

Babine lM August 

) • (lJ .J0 ) :xtr 

n 

:te t ~ r·ault 1n fair~ aTIY 

in iinter · or l'f 18 o. in the urf oo 

0 n lake in • 

l . pring ~ rturn .. The i break p usually co na El by t t 

in April in t bo y oft l but doe t occur until 

to n day later in the shallow r prot ct ar • In 1947 t 

dis r o1 record d or April 27th while th t !or ort B b 

rlth . 'l'h ov :rturn follows slmost i ly 1th r pid cent of urf 

tem r tur a the hour of sunli. ht 1.1 v ible of 16 t 17 

1 
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-' .. 
hour t thi _ 1 :titud in May. Thi whole ph oomenon t plac.-& on 

· st exactly o nth aft.er that for Lalool lake. 

2 . · Therrooallne Fo tion and rind o:f:' S ier Si;agnation. Being so 

in natur t different p:>rtinna of the lake n1'cy' t ; on dif~ rent 

asp0cts of ther 1 str tif'ic tion, fa.ct which has been fou.nrl ta be qui: 

true .,r the three Stations, particul.a:rly thEtt a1:. Fort Iiabine . T r . al 

5'"'1· tificati n in tho jor p:>rtion of t lake and to lesser ae ee in 

t .ie side arms is very unat ble, moving in anC' out jf t he ef i.necl thornneline 

stat.e (1°c . per meter or m) ) in relation to sunny calm days anc~ effective 

wind aotif>11,. In the southern portion, months have withrlut record 

of i~hermal stratific :tion rea-Ohing as much BS l c. r r . Con ider le 

fluctuation . results in the temperature s:t any given level up to 100 fe t for 

Division II an the uthern section of' Division Ii> while gI :ter stability 

occ in Division III below 50 feet. The net result_. is o of considerable 

circulation constantly ohs.nging in effective cl pth and never prooul)ing 

distinctly stagnant bypolimnion as 1n more ahel ~ sou:U em 1 e • Table 1 , 

pre nt tho surface and bottom temper :t s t th ·time of maximal ther 

stete for Division II am III. (Division I ia very s5.milar to Di ision II)a 

Table l. e 

Year Dat .. Surf Botto D 
Div. 

a II p;tv. III piy.II ;tliv. It Di: . II D. :v .. II . I I 

1946 Jul. 23 Aug. 9 ig .. 3°0. is.t>c . 4.1°0. n 5.0 c. 240• 120' 

1947 Jul. 25 Aua. 22 14.1°0. 0 17. ; c. 4.0°c .. 7. rjJc. 240' 120* 

J . Fall Overturn. Late in the nth of Octob "r - on to bout t 

m1c1ele t:>f November the surf ce and bottom tempera.tm-es progressivd-¥ pproach 

the th rmal lev 1 1 tho in depths of 200 fe t or more varying but little 

throughout t he ye • On 4 C. h s been rea.c th riod of e.otual overturn 

1 m:>st affective . In trore hallow !:'-O it t oacur OVI r a gr eter tsrio 

of t1 as th to that of th aurr 

J 



above 4 °c • (cf. Lakelse) •. 

Th following tabl records pertin nt data for tr·e f 11 overturn 

aYJ.<9 freeze-up: 

Table 2. fall OVertur 

Year D :te Oommenoerl Te p D rte 4 °c • e.ctlt3d Date of Freez •up 

- !11y.II Div.II! ~ .. II DivJll U!v •• n Div . III iv. III 

1946 Nt>v. 9 Nnv. l 
lli 4.1 ,.o ~v. 9 Nov . 18 ~bv. 20 • 21 

191.,7 Dec. 6 Nov. 3 Dec,. 6 Dee. 9 Dee. J.4 Dec. 15 

Estimated. 

4. Winter Stagnation. Ice ooverage usually e:>.."tencl frou1 so time 

:tn 1 te November or early December and lasts about five mr>nths f orm.i.ng a 

very solic1 lSi,Ver by February. Very h .avy winds may prolong Ue open ater 

season llr may even break up a light ice e'lverage in U.e .1nin p:irlion of t 

lal,e , ss apparently Jccurred in t.he winter of 1947-~. "):1rt,il'.>ns of Dabi 

laloo ere still open in January 194$. Temperatures .~r JO ' . below zero 

brou.13?1t about refreezing iri I' bruary. The minimum the!". al st.ate probab13" 

o ' Clll"S in •. arch. 

Figure 6 has b en . esented to illustrate the th rmal changes 

thr uehl')ut o. complete year for Division II and III, so far as reeords 

hav been obtained . Arrows indicate th linking path of probable thermal 

change . 

TRANSPARENCY 

Secehi disc recording hai;e varied from 2 . 2 m. (7. 2 feet) to 

6.6 m. (21.7 re t) at different points of time and pl ce throughout ths 

The overall ~er is 5. 42 m. (17.S feet) whioh places it among the imre 

transpm.~nt lakes of t Skeen drainage. 
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All oxygen dete:rminations p:>int to a very hi3h and eoneistent 

oxye,en concentration rarely belo ~ e.t a:a.:r depLh f'or the major portion 

oP t:1e year. The 1tlnte1· ioonths have only been tleter~'li.ncc1 t'.u:·ouch samples 

Jhich were delayed b. th~ir final titrnt inn (Wink.for rothotl) and the:r fore 

su'bjoct t!) error, however these all indicated high oxygen rnntent nt low 

1 vels throughout thG winter also. 

H!DRf)GE'I-ION CO~~:N'rRATION 

The usual CGnsistent stability close to or slightly above the 

utral point of '7. 0 in pH exist throughout the lalro . 



IX NIU ITKWA LAKE 

IN!RODUCTION 

Nilkitkwa la.ke might be regarc1ed as a widening of the Dabine rivar. 

'I he large salmon producing Babine 1 e om1rt.ie into Nilkitkwa from tho one 

mile long Upper :E1®ine river . After paaaing through, the flr:m continue in 

an &re northwestward down the Lower Babine river t.o join the North Skc na 

45 miles to the west. 

It is on the migration route of the ac'!uli salmn th t pmm in 

the Upper Babine river and in tributaries to Babine lake, of the yearling 

salmon migrating to the ocean and is also a nursery area l'n1· sockeye 

coho, progeny of spaVJnings in the Upp€r nd Lt:>wer Babine rivers .. StucJi d 

by the porty cove:ring the north(rn division of De.bine lake, it :received 

g;reat'":rnt attention in 1946 and 1947. 

I1HYSI~Clli.A.PHY snrl t1RPfn'LlRY 

The lake, totalling 6 . ; miles in l{:lngth, am not exce:adi11g . 5 miles 

·in dclt.h has a constrictilln in the centre, whe~ , specio.lly during high 

:'later, a slow current may be observed . The lake is shallow, having mean 

dopth ,.,r 6. J mtr s (19. 2 feet) and the sh'"Jr~line, gently sl{)pe.Cl,. has 

hieh proportion of reeds ( 56~) . In the reed and horsetail ere as t sh?re­

line tend to be swampy while along the r0mainde:r. '-U'e lo p:>pler aJ'ia spruee 

bluff • 'l'here are. no sizeabl tributarie ntering the siOes of the lake, 

the main inflow coming from t.he upper B bi riv(lr. 

TEM.ffil\1'.TURE 

Nilkitkwa lake, being npen al'lf shalln , is circulated to 

oons:iiierable extent in summ r &nd no thermocline is developed .. The a~rage 

bottom temperature in 1946 e.s 8. 0"C . (46.4°.F . ) nD"1 the average surf 

temperatur ]4.. S'C . (5A. G>F.). Ice cover lasts as in Bal"iioo, for pprox-

imately fiv months of the yeor . 



TRA.tt> PARlWCY 

Seeohi disc records have varied from l .. S metres (5.9 feet) to 

6. 0 metres (19 .. 7 feet) v1ith :veraf.{e of 4 . s metres (15 . 7 f ct) slit!}ltly 

lees than that for Babine lake .. 

DISSOLVED OXYGEN 

Oxygen sntur :tion has been high t all time i.n Nilkit lake , 

lltt difference being recorded bet n surface end bottom eoneentrationo. 



X MOii'RlSOrJ LARE 

I N'l'R'1DUCTIO ~l 

Since tl: Morrison lnke sy em constitute one of the lar r 

tributaries to B bi lake preliminary investig tfl')n of the biological 

feature of P. rrienn lake w in the r of 1945· At t time a 

re-co of so of th mo nt JX>ints as kept and in sub quent years 

ni ext.en 1: ob rv ltio. a atudie re of t co itio therein. 

PHISIOGllAPHI and r RPHOIJ TRY 

:t 

in valley whioh run parallel to the northern arm of Babine lake . It 18 

par . tea from t latter by serie of high hill 5 to 10 mile in width 

and is bounded ()n the e t by a imilar l1eight ,,r land . The lake lie at 

about 21400 feet abave sea- level. 

The gee>logical develo:r;inent her i very s1milar to that of t 

north rn Babine m:e • 

Coar rooks and boulder are ti') be found linlng the ahore of 

Morrison leke while fr(')m depth of .3 (10 1"ecrt.) out the bottom of 

the lake i lroost entirely eomp) of a thiek grey hsai mud . 

Unlik D)!)st of' t.he lake of the syst.em which ar situated t th 

he of their respective drain areas EU1d are r only by tributary 

at , Morrison lo.ke lie oot en e. system of small lak s Md to 

the north and th la:r r Babine lake to the utb •. 

entering the lake at the north end, Ifoul end 

Salmon cree , carry alnost ths entire volume of inflowing water, and Sal.nnn 

creek alone i utilized by sall!k>n r • To tl1e south rrison lake 

emptie into th r.Gorrison arm of Babine lake by wo;s of the ribrrison river. 
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tUthough the gr :vel or this river ecomnndates large m.unbor of salmon 

mers, it l s not been det rmined hat percentage of the hatching fry 

migrat upstream into rrioon lake . In any ca it may be oabi that the 

spawning facilities ~n this system constitute a limiting f ator to greater 

salmon protuetion. 

$ize, Shaoo end Bott.om Cgnfirogation 

The lake is approxil1l!:ltely 10 mile long with an avera wic1th of 

.s miles c eovers an are . of 5. 55 square miles. Depths of over 60 tre 

(183 feet) may be found in the eentrel p'.)rtion of thll) lako hile the 

nortbern and sot•t.hern sect.in are rel tively hellt) 'I - 20 metre (61 feet) 

arr.d leas. Bee u, e cf the i,,ng, narro shape of tlie lake t.he eho 

development ratio is fair~ high. 

TEL'lfERATt.mE 

For the whole period or investigatinn, thernncline tween the 

5 and 10 ustre ater levels has exi during tho great.er part of each 

sumzoor . Although the lake 1 quit f>pen to mx1 is often trcquent d b7 

strong ind from the northwest, the proteotive sha of the northern em 
southern }))rt ions and . the deflp wnters of the central area tend to resist 

mixing by uind et.ton. Durin t.he early part of August, 1947, there we 

temperature diff'e1enees l")r 6.1°c., 6.55°0. end 7.rflc . bat een the 5 am 

10 metre levels at the ) stations set up in the northern, central Md 

soutl rn regions respective.cy. 

TRANSPARENCY 

In the a r of 194 7 tb average lovel of tU e.ppeDJ'an of 

Secchi Clise was pproximately ll feet . Morrison lake, then, wh msy 

be call avereg el ·ity 1n comparison with other lakes on the syste .. 



Fro the 

by 

DISSOLVED OXY I N 

e of samplas of 

comparison or the physic 

ter collected during t 

tsatur s with ot r 1 

there is no re son to belle that t~ oxygen supply in &rr son 
' 

should at any tiroo or at any depth be limiting r etor to fish production. 

The lo· st recorded SUDl! · r concentr ition wae ap1..aroximately fJ$ satur :tion 

near the bottom of the lake . 

H?DROGEN ION CONCE1 IOU 

W ter samples from i!orrison lake consistently- range bet eon 

pH r"' ' fog of 6 . S om 7. 2, 1 "icnting a very stoble coneitif>n in thio 

r ~ard .. 



XI 

fhy iouo.ph.y . 

• tase lake , at the he of the Squingula ri'O'er , ia located at 

a.n al.tit e of 3 , 350 fe t bout t n miles west of the south e of ar 

lake . It is four miles ll')ng by one mile wide ana is coDBtricted in the 

contra ao that it h roughly the ha of en hour glass.. While Wl<1ing 

have not been numero enough to give a complete picture it is not en 

extremely de .p lake though it does exoe d 100 feet . It s main tributarie 

being of glacial origin the lake is h · avi q 11 • 

The temper ture of the l.aks on September 251 1946 wa · 6.67°C . , 

(44 ) nt the surface ancl 6 . l2°c . (43°F . ) at depth of AO f'ect indic ting 

that the lake was already 1l advanced toward fre ze up. 

Sacchi ' disc re ing in this lake w eight inches. 

Cleasificatioo 

The heavy silting e.1.o in thie lake produaos eooloefcsl 

concJitions hich pleoo it in the first olaas of' lakec as outlined for 

th systom. 



XII 

Deer lake is situated in the are bounded by 56° s:nd 56° 15 ' 

N. 1 . e.m 126° 45 ' 8M 127° 00 1 W. Lo at an altitude of 2, 640 feet . It 

l60 miles ?lW of Fort St a James, the nearest supply i:nint . 'f he leke lies 

in a vslley 4 to 5 miles wioe which 1 bounded on ·the west by the volcanic 

rooks of the TstJTtut spm- or. on the east by the thin-sediment of' the 

Connelly ran__ of t Omineea IMuntains. 

The area has seen much volcanic activity in the past end as at 

ono time covered by the shallow inland s a hich flnoded mueh of the 

province. The lake bed itself es formed by a sout rJ.y mving glacier 

i;. ooo years ago . Bot.h th terrain ene the streams present a y()uthf'Ul 

ap erance, the lstter in some instances rluctunt g between two llr mre 

channels. 

The lake , 12 miles long with a maximum width of 3 mile , has a 

surface area of 7 . 2 squnre miles. It is divided by a shallow narro into 

't o basins, the northern cme having a maximum depth of 1.35 feet on:l the 

southern a depth of 240 feat . A large shallow area, Tsnytut bay, lie to 

the southeast of the narrows and t hus 1 close to both ha.sine, th()ugh it 

is mr.>re intime:t .ly connected with t11e sout ern part of t:~e lele . This bey 

anf\ the narrows hnve extf'nsive beds of submerged nru:1 emereent voget tfon 

nenr t he sho~a , extending in some eases f'ar as the ten-foot depth 

contour . Lacking a complete hydrogre.phic survey th mean depth of the lake 

has been estimated as 42 feat and the volumo of t he lake as 314 million 

cubic yerds. The h.ore developn!f"nt of the lalro is J . 2. '.rhe lak forms 

the hesdwat .rs of the Bear river and is pproxim.ately )00 miles by water 

from the mouth of the Skeen river. 

Climatic eonclitiona while normal f()r the m:>re mountainous regions 

·, 
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of the up r Skeena ioore vo than those ,,r Lokel n B bine . The 

pr eipitation is, from al.l 1 ic :tion 11. much· heavier than ot Babine leke. 

Certain Cl ata support the theory that the southern part of the lake has during 

the sur.ur.er armer climate then tlte northern baGin• This is undoubtedly 

doo to ga in the bordering muntain rant~ea just south of t L.'lko. 

Te,,,.,...,. .... 

'l'h highest tem rature recorded for the open aurfa aters of 

Bear lake was 19. 25°c . (66.6S°F) at St tion I on Ju4'" 31, 1948., The high st 

SU?'f ce te ratur r corded for Station II as J.S°c. ( 64.4°F . ) on August 

10, 194g. te ratur s for the bottom water at the t stations h :ve 

been 6°0 . (42. s°F) at Station I on w ptember 25 and Octob r 5 in 1947 and 

5 • .;°c (41. 54°F) e.t Station II on September 23, i94g.. Boer luke ha shown 

a culiar thermal condition in both 1947 and 1948 in the form of a layer 

of mter at so depth which was armer than the o.ters iint. tUat ly abov 

ar1 br·bw it .. T: e coooitil'>n is tr.,mp:>rary and heo only been found onee 1n 

each yoer though on each occasion it has- been present in both be.sins though 

not at the s ie depth in e oh basin in 194g. It is possibl that similar 

conditirms rney be present u.nCler the ice since the only reasonable ex~anation 

of the ph nomenon is that ueh layers are caused by mineral springs and calm 

eather would be noaessm-y for their establishn . • R c nt volcanic depo its 

occur in the arc so th . pre nee ,.,r h~t sorings is not impossibl • 

A rough estimate of the summer heat inco for Dear lake has been 

obtaineCI from tem rature series taken f':rom 1945 to 1941!. Since, however, 

the yearly visit have not alway included the time of optimum lake t m r­

atures the figures are prob ly minimal. For Station I the u.mrner h at inco 

as f-ound t~ 2 17,700 gm. cal. per cm.. nd for Station II, 23,.500 gm. cal. 

per cm. 2 • . For comparison the Lakel lake incomo, 16,000 gm. cal. 

2 per cm. , is pproximately . the same as that fer the northern pm-t, Station I, 
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nd co iderably 1£s than th t of the southern basin of ar lake. 

r e 

The tr pareney of tir lake is such th t cehi 1 s diac et1n be 

en on the avera to d pth of l4 to 15 feet during the SwmL r and fall. 

An analysis of a sample of ar lake surf ace e.ter sho-c ed a pH 

of 7. 3 and a total dissolved solid content or 44 parts r million. 

r {>"Jrt of this analysis s shown belf.>VJ in Table I. 

Table I. Che ical analys.1s of' water sample from Bear l , t 
on QotQbet 2 • 194U· 

REACTION •• .••••••• pH 7.30 

. • 

Suspeooed l\.,a.tt r TRACE (less than 1) 

ALKALI '11: 
Carbonates (co3) NO 

icarbone.tee (l!C0.3) 28. 6 

TOTAL DISSO~VED SOLIDS: 44 

Fixed Solid 26 

Volatile Soilds 18 

ANALY§IS 01'" F IXlID SOLIDS: 

SUica (Si02) 5.0 

Iron Oxide & Alumina (F 20-;, ~O, 1.0 

Calcium Oxide (CaO) 10.6 

sium Oxid (rJgO) 2 .. 6 

Undetermined {alkalies etc. ) 
by cl1f':f'erence 6. 5 

Sulphate (S03) 4. 5 

Chloride (Cl) Ml 

Th 100st notable f ctor here 1 the extrf.HOO]\y lo t.()t 1 

iSS'llVed solid • 

n 
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No dete :tions have been e or the . o2 content of the 1 · 

waters, but also there has een, ho ever·,, no i.Riioa.tion that the lake ever 

suffers f rom insufficient o:irygen and lakes 0f this ty ,,ery seldom h e 

def icieneies of sufficient intensity to affect th ish ill them. 

Hy tofmn Iqn Cgngem£g:tirm 

The r oord or the pH,, 7 . 30, is given in the ~is of er lake 

water, Table I, is the onJ¥ one available for this la.k9 . 

Th 1e.k classi.fication arbitraril\)1 t up for t he s of 

uirl.form1ty and simplicity does mt precisely fit n ar lake aa it is 

erately deep, cold, clear lake . Thus it 1 plac in the int rmedia.te 

cl a provided . 



XII! AZU!UOTZ 

s 

Azuklotz lake, located to t east of the southern port of ar 

lake is tributary to it through e. sh,,rt stream with a four- foot ~rop. It 

is l miles long by t of mile 1ice ancl has a maximwn depth <)f .35 fe t . 

It is chat cterized by l r·ge ~hello a.roas with beds t>f subrmrged vc tation. 

It h s one main tributary, ~z creekf though in ome years it n:ters 

the lcke through t o chenn 1 • 

Te 

The highest surf ce temperature recorded for this 1. 

l9. 75°C (67. ;5°:F . ) on August ll, 194! and the highest bottam te~rsture 

16. 2°c . (61. 18 • . ) on the s date . It . r he t come ha 

9,.500 gm. c.al e- per cm. 2 during the three yi • The ter 

h the sama d gree of cl ity as that or or lake ,. cchi ' disc ing 

visible on t er-age to a d pth of l4 to 15 feet . 

Azuklotz lake belong in the seeon:l category in the lake of · · 

Skeen.a drainage as previo s.4r outlined. 
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:t the headwaters of the Sustut river~ and A itk 

he water of. tho itka river, located 1 mile fro ach 

other at an altitude of 41 500 f'eet pproximately .30 miles nort ast of er 
-

lake. he leke are over .300 mile from too sea by river .. 

Sustut, tho largest or the t o lakes, is ~ miles long by one-hnlf 

mile wide and has maximum depth of 61 f'eet . Th(! horelim i fairly 

regular a!ld ntly shelving, with o l 

too north m.. Asitk is smaller lake 3/5 mile long anc1 mile wide 

ith maximum depth of 26 feet . Tb ehorelir. ia marked by se~ rol beys 

only a fe 't inch.ea eep. Suatut lake h D on:'cy one lnrge bed of rooted 

q ltie plant • Asitka lake h scatter d rooted aquatic plant in all 

• hallo r are but no thick beds. 

The stre · tributary to both lak are small anc1 the later 

entering the lakes is to a large extent s · pa • T upper Sustut river 

c ie varying aroount of glacial silt but :lts small ize prevents it 

having m:>re than a lneal ff ot on the 1 • 

Te 

Temper :tures have en recorded onl\y twice in Suatut lake and 

once in Asitka lake. Due to the l te s in the season they cannot 

x ctoo to sho tho maximwn temperatures ohed by these lakes. On 

neither occ ion, August 221 1945 end Sept,embf>r 91· 1946 w s tl re a. hypol-

imnion at Sustut. lake the thermcline reached the oottom f)f the lske w re 

t he trmi:er ture as S .9°c . (4 °!-') on both occ siona. Tho higl st surf' a 

tem r :ture - ]4.7°c . (5a. 5°F . ) s recorded in 1946.. '!he s.t inco 

on t l e basi of the above igures 151 250 gm. cal. per cnfJ.. in 1946 • 
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itk lake in the ame yeer h a surface temperature of 1J.9°c . (57°F . ) 

roxJ. bottom tom rature of 11. i'c . ( 53°F. ) with a summer he t income of 

61950 gm. cal. 2 1· om ••. 

T en 

D pite a deflnite indication of silt in Sustut lake Gecchi' s 

diae could seen to o. depth of 30 f€iet . Asitka. ~a.ke, ho ver, has no 

silt and tbs r re ing, l8 feet, for Secchi ' s disc is prob bly an · 

indication of a greater plankton popu.lation .. 

· Though the high altitud make these lakes less productive than 

normal at ordine:ry levels they fit host in the seco cl.nae of 

J.~kes as outline for the Skeens.. 

} 
f 
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JOHAl\lS'JN LARE 

Joh son l ' on the he we.t rs or Johans">n creek J 

oft Sustut riVel.".,, ha.a th greatest altitude, 4, r;o f et' of 

tributary 

of the 

S"lCkeye lakes or th . Skeena riv r :tershed •. In adc1iti(')n it is also 0 

of th farthest ~om the sea,. being approximately 350 miles f'rom th mouth 

or the riv ro 

The la.lee is miles long by t mile w:id and has a depth of 160 

feet . It i cheraoterizod by a lack of shallow areas a:roum both t shore 

am the islands. Rooted quatio vegetation i confined to e. very small 

ar a at t n here it was xtreme~ s • 

It ha.a t o trihuta:rie 1 D b ore k,. the outlet from the silt d 

Darb lake run small um a ek arrying glacial :ter. 

T urfacc on September 16, 1946 s U . 5 C. 

( 52?1°F . ) ml typionl thermcllm w. e n the .35 50 

foot levels. At tbi time both the pilimnion end hypolimnion w1,4Gr 

eharacteri"' by very uniform t mperaturea. 

The w ter is fnirly clear, Secahi' isc having been vi 1.ble to 

depth of 30 r et on a alouc1y day. 

c 

T ugh Johanson lake has the charaateristic in th ma.in nf 

Group I loke the abumance of silting alo neoossit :tes placing it in 

the intermed te Group Ill. 



XVI D.AMSHiffiWIT AND SLAMGEESH LAKES 

Ph.ysiograph.y and MorMometry 

The Slamgeesh river g a tributary of the Kilankis r·:ver ·so mile 

north of Hazelton, has two small lakes located on it . The l ar e ... · and more 

northerly of these is Damshilgwit or Cabin lake and the other is Sla.mgeesh 

l ake . Though exact figures for the altitude of these lakes could not be 

obtained they ar between the 2 , 000 and 2.,500 foot contour on maps of 

the area.. 

Cabin lake, one-half' mile by one• quarter mile , has a maximum depth 

or 40 feet and Slamgeesh lake, smaller and shallower, is one- quarter mile 

by one-quarter mile with a maximum depth of 26 feet . Weed beds were not 

extensive in Cabin lake which had a mudcly to ooey bottom from whfoh marsh 

gas exuded in many places .. Slamgeesh lake did not appear to have the same 

exudation of gas though the bottom appeared to be much the same e.s that 

of Cabin lake . There are extensive beds of both submerged and emergent 

vegetation in Slamgeesh lake which appears to be much more productive than 

Cabin lake . 

Temperiatures 

A temperature series taken a.t Cabin lake on July 24 showed a 

SUTfaee temperature of 1J.S°C o (56. S°.F . ) and a bottom temperature of 7. S°C . 

(46°F .) giving a summer heat income to that date of 7 , 150 gm. cal. per cm. 2. 

On July 27 a temperature series at Slamgeesh lake revealed a surf ace 

temper :tu.re of 12.2°c . {54°F .) and a bottom temperature of n .1°c . {52°F) , 

showing a heat income of 6 , lSO gm.. cal. per cm2• The lower heat income f'or 

Slamgsesh lake is probably a direct reflection on the greater replacement 

of water by the river in proportion to the volume of the lake than is the 

case in Cabin lake . 

Tra,nsparency 

The transparency of both these lakes was of the same order , 
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S cohi' e disc having been visible to a d pt.h of 12 et in both s . 

Classil'iootion 

Doth these lakes unboubtedl;y· fit in the ®eond category of lake 

as outlined. 



XVII KWATAN.r LAHES 

'l'h atershed of the Klun.tent.an river 1 on the nnrthern ec1g.e of 

the Grounrlhog coal field 120 miles_ north and slightly ·e of Hazelton. 

T·m creeks, lUueyaz, r..eavily silted st.ream nd ~luatant n,, a small clear 

str am, h ve lake on th m to which aal.tmn ascend . Kluqaz laki , the 

lart est, ia loce.t close to t.he t00uth of Kluayaz creek just north of the 

57t.h parallel l~orth Latitutle and st of the l.28th ridian est Longitude .. 

The tW? Kluatantan lakes are loeated on Kluatantan creek c.bout seven mile 

southe st of K~ lak • Though tl1e exact altitude of the laka has 

not been determi it believed to b about 3 500 to 3 , BOO f for 

K az, and tl Kluatardi lakes so what lo r . 

Klllt\Y'a.z lak is irregu.lm.· in outline• 2 miles long by l mle ide , 

with · lar part of the norther end quit shallo antl 1e.r shallow 

boy at the sout imum depth of 64 feet . Tl t 

Kl tant lak , pa.rat d by quarter-mile of creek!> do not ap~ar to 

deep though ound e . They ch apm'Oximately one0 halt 

by one.quarter mile nd too ed s gradually gr e off into swamp .. 

The maximum temp3r ture recorded at Kluayaz 1 ~ust 21, 

1946 when 11.4°c . (52. s°f . ) as re-corded at the surfnce and 7.s°c. {46°F . ) 

:t. the bottom. '1n the basi of these t m raturc th ou.'m:OOr heat inoo 

1 7 1600 8lll• cal. ~r cm2• No temperature re obtaine(} from t Klustantan 

lake • 

Kl~aa lclro,. with the in inlet a glacial str am, had a Seeohi • 

d • re ing of ix inche • T Kluatanten lakes have no glaciel. inlet and 

thus th w ter i cl sr. 



£1 g aficat_ign 

Becau of it ailt content Klu 8Z lake mu.st be pla in th· 

first ea.tegory of Skeena lake end the Kluatautan lake could be ex oted 

to fit in the a cond c teg ry. 
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The following composite t le ha been drawn up t0 bring to@=ither }.Xlrtinenii i'igure , n 

the p}zysioel fe :tur of ·tbes t went y lakes . 

John ton 

Ki t allum 

Kit ang 

, ric 

Sus t ut 

.Asitka 

Johanson 

D hil i t 

s esha 

6.8 

... 

0 

o.6 

.. 

... 

0. 5 

4.5 l .O 44 

7.0 2. 0 210 

85 

-

23 .e 68. 

74.7 S)-2. 

,34. 0 :w. 

s.s 6so 160. a 34726. 

6. s o.; 62 

1 , t:: 
• I:) 

0 . 1 ·1. o.; 

35 

6l 

26 

0. 5 0. 25 40 

26 

- .. 

-· 
30. 

... 

.. 
~ 

J~ 
". 0 

220 20•:2 JJ .• s 10 .o 45' 

.. 

2.13 600 19. l 7. 0 

3.47 isoo i6.s - 4.3 

2. 10 1500 20.3 .s.o 

... ·• 

... 90 

72 

2.?9 2310 16.4 8.6 i;.7 63 

2.60 2400 19.4 ; .4 - . • o 62 

. ... 

2648 

2.06 4250 .. . - 30.0 

.... 

... 

.. 

4250 13. $. ll."/ lS.O 

5.3 30.0 

... ~.s a.9 l.2.o 
12.3 1~.4 12.0 

3SOO 11.25 7. S 0. 5 

-
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On the basis or o~ssification hich h a been d acribro in the 

etion on Lakelse lake, nameq, (1) De p, cold bodie i:>f ater C'istinctly 

(')paquo and grey from glacial silt, (?.) Rather shall()w bodies of water, ol ar, 

of de.rate tem r :ture • nd abumant in plant life, {3) Interroo !ate 

bet n (1) and (2) 1 the above l kes ll18Y be ~uped thu : 

Q.r up 1. 

Johnston 
Kit.sttmgallum 
i rice 
f.1ot 
Klusyaz 

Group i • 

Lak 1 
Kit"JJ ariga 
Stephens 
Nilkitkwa 
1 rrison 
.Azuklotz 
Suetut 
Asit.k 
Damsh:tlgwit 
Sl esh 
Kluatant 

Qrg1J.Q 3 . 

Alastair 
Sw 
B 
Boar 
Jo anson 

The iJtlportan of th lak 1n the c. noral soekeye production 

e 11 l; . .asessc-d by thelr r lative sp . ming e Cf! me!lts v.hich, fl')r the 

prosont, me:y bo e.ssigrwcl as :-

Group l ~ (total) • 15 - 151'> of eoa rnent 

Group 2. n " 
Group 3. " - 55 - 65J ft 



DISCUSSION 

In tl1e first section, dealing with Lekel lake , the 'biological 

implication f each of the main peys:tcal fe tures ha be~n consider~d . 

111oy l:.0 appli.ed in general aspect to each of the subsequont lakes mociified 

by the 1 tioular characteristics of that laltc e The. st.roBms ha"le hAen 

described more in 1·-0lation to their dir ct offect ctn t. lakD rather than 

wit.h respect to p ing faeilit,~s (a e A~'>perulix ;) .. 

Certain brolld genernliz :tions oon be e rel.!ltive to oomition 

in tJls· "nur ry" lakes from the point c)f vie. of soek ye production .. 

l . dir ct limitirig fact.Qr of ' ith • 

exeaptinn) h been discover. · (Ex ption - Mid- swnme.r oxy ~n c ncentr tion 

in 1tw ga hypolimnion) . 

lo ioo1c :tion of aey particular cha~ 1n the ical features 

during the pre.sent centllt"l" can be domon rs by this study or t records . 

No particular fl!)od or fi has 1 ft d mnstrable mdification. 

; . Production in lakes is t product or. m.any subtle and inter ting 

forces which may be f'oum to unite or di mite for part,icule.r .patterns of 

fish survival . 

l., ., The prG nee of high turbidity appear dir ct.J.y r .la eel with lo 

pnx1uct ion, riC in t.his respect , line ates the lakes in Group 1 a.s of po r 

produet,ion and of little f£Psible improveoont })')ssibilltie • 

5.. Io fl t mperature is also directly related to lo production. It 

msy he that the whole area is limit· d by a low at inco • 

6. The lack of stable tbernnclines ap s tC'> be an o.soot in that i't 

doe riot result in stagnant hypol~. 
. <X 

7 . A w ter level in the lake 1n September equal to th t of · he f'reeoo ... 

up may r sult in tter production. 

8. Lakes of Group 2 hold th gre t st p.rorni fo1· improv ment fro 

fertilization if th t w t e ttempted as possible means of 1ncrf) sing 

pro uction. 

' 



REGO 

l . That a study of' the unt of basic ele nto be ma o, with 

particular interest in Nitrogen, Phosphorous and Silicono 

2. That ono l bA $lee-· o for tieulsr atudy-8 

3.. That experiment with fertilization be consider • 
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