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. ures oi‘ the fungl :|.n pure culture for purposes oi‘ 1dent1f1~f

:_\

monltored 1n Broadcove m.ver over a one year \perlod SOme

e

1solat10n a:nd subculturlng of the colonles as’ they appeared. - ,

_/phosphate/s, dlssolved oxygen and totalr carbon content of

, , 'M‘-fABéTRAeT_ R
A T ; L e R e

The i‘luctuatlon :.n the level of representatlves of R
s . N
spec1es Qelonglng to the fungal Order Saprolegnlales wae R R

phys:.cal and chemlcal parametere of the stream were also

.','

monltored , . o :
: The techm.que used Was/ desugned to provn.de a quant:.‘-'
t,atlve estlmate/ of the number of :t‘ungal propagules suspen— \I " - .:'1 ]
ded in the ewater._ Attempts were made 'to mlmmlze the loes | : : '

oi‘ the v:.able propagules dunn.ng process:.ng of the sample. o . -::f. { [

The number of these v1a'ble propagules was assumed to- glve :'\'::_j

an 1nd1cat10n of the level of fungal growth or reproduct:ive

- act1v1ty 1n the stream ,]ust prlor to or. at the tlme of '
collectlng the water sample.- L ‘ | |
Centrlfugatlon. reeuspension ‘and platlng of the o <

: sample on a medium : selectlve for species of . the genus "'j.—;:'-il

Saprolegm.a Nees v Esenbeck were followed by the rapld

Further processlng was - carrled out: to obtaln sexual Struct— 4 _

. o) o ./,\ .

catldn. ; . A PRI

Temperature 1eve1 oﬁ trace elements sodlum./_ ,/
T

the water (chemlcal ox:.datlon demand) were found to have L

an effect on the total number of - propagules, and on the




": . abundant when the stream temﬁerature was 17°C

T
]

ot
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the lowest- recorded temperature, “the tot 1 num/ber of prop—- Lo

agules was reduced regardless of other envn*onmental

condltlons. -'?" o

The specz_es fell 1nto three mam groups wlth.relatlon
to the temperature of the stream at whlch thelr‘maJclmum :" '
abundance occurred A small number of specles..
specles, was most frequent wfen the stream temperature was |
from 1 5 to 2 5 C '.Ehe most numercﬁxs category was made up
by t?te‘f rﬁtermedlate temperature specms, or those speclee ; L
wh:.’ch were recorded most frequently at 13 C Another small g I. s

group/of spe01es the warm weather spec:Les, wa'
e
Occurrence of heavy ralns in spr:cng (March) a.nd

trace elements in the stream and colnclded"iuth the 1sola—

-tlon of spe01es not otherw:.se recorded.‘ Restlng propagules ,' . .- / :
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number of 1nd1v1dual spec1es, 1n some cases However, at

e
autu.mn (September) resulted 1n an 1ncrease m the 1eve1 of

‘ of these spec1es washed :m :t‘rom the surroundlng 5011 or
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; i:-other closely related genera, hae been cla881f1ed by Alex—

'.Class Oomycetes, Famlly Saprolegnlac'ae, Order Saprolegnlales.f“'"

”:;the Order Saprolegnlales was made 1n 1821 (Coker 1923)
;;f{ﬁgenera and specles, as well ‘as flrst records of thelr occur;“jﬂ‘uiﬁa
5?f{example, Petersen 1910 Denmark Coker 1923, 1927. North

' fCarollna, USA Naga1 1931 Japan. Forbes 1935, Br1ta1n,iﬁrﬁ
“”:Chaudhurl and BanerJee 1942 Indla. Beverw13k 1948 The

dﬁ-ﬁg:occurred as new facts come to llght and as technlques a“.afafﬁj,zzi}:;f'

‘Q.: The genus Saprolegnla Nees v.iEsenbeck together W1th

.However, the exlstence of these water

. RN N
,for a. long tlme The\earllest descrr;tlon of a spec1es of

' rence 1n d1fferent 1ocallt1es, have been publlshed (for f;};}]r;?ufﬁ%{t

“Netherlands,,Goldsmlth 1948 South Afrlca Moreau and Moreau-f‘
.1970 Icela:nd) - '. / :( .. o .' . ’\ '

ftlme as themtaxonomlc studles 'in order to determine the llfe-;\-ﬁ
fcycles of the organlsms By grow1ng the fung1 on several T f‘}ﬂ:f{hi'éﬁ

:?Substrates, varlous parts of the llfe cycle could be»gbser-*.hff'”‘a

.1solate to form generlc and specmes concepts (Coker 1923)

jChanges in the classlflcatlon of these organlsms have

B

N ) v T - - ’ T '\" - ) o
NI ~ X . . -, [ - . - . DR B .
e N S Tl S RN

" INTRODUCTION = ..
A therature Rev1ew Lo

N

opoulos (1962) as belonglng to the Sub d1v1s1on E\\\cotlna,-

_oulds has been knOWn j”;ﬁl

Slnce that tlme, numerous accounts descrlblng new

‘»

1948 Francer Zlegler 1958 Florlda, USA Howard et al

Arl Developmental research was carrled out ‘at the same

b

e
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"become more/reflned allow1ng researchere to use a\d tlonal
/

"‘fl‘characterlstlcs, such as/ultrastructural features,xfor _
: / ., A e ' el
.1taxonom1c purposes (ch 1969a) ' ’

Klebs ploneered hy51ologlcal Studles w1th1n thls
e

; gro?p worklng w1th an 1solate of” Saprolegnla ferax (Grulth)

(

Thuret 1n 1899 The/results of hlS work, summarlzed by Coker?
(1923), glve the procedures ne\eseary to 1nduce any part of

{ -
the llfe cycle of\S ferax HlS technlques have been adapted’

specles can be manlpulated 1nto an actlve sexual asexual on.,

Saprolegnla 1s glven in’ Flg 1 ,
o ) “ . . C\; - L . . -
Most -of. “the . spegles o{ the Order Saprolegnlales are

: DQ R

L _j'if'saprophytlc on aquatlc anlmal and plant debrle, and some are"
I ,.';.‘. l/
) f.para31tlc (Sparrow 1960) In an aquatlc sysﬂem they are,“

'1'>1; .otherefore, present orn. plant Substrata such as fallen thgs '
-f;(Lund 1934) as well as on dead anlmals 1nclud1ng flSh toads,

‘~;i3frogs, 1eeches, earthWOrms and crayflsh (Petereen 1910)

'Q'There ia also ample ev1dence of thelr para31tlsm on fresh

R o
' %wwater anlmals Frog eggs,'spawn of toads, flSh flSh wounds

f.;' ‘{:and flSh eggs are attacked by representatlves of the SaPrO- '1"'
: ) :El“);legnlaceae (Petersen 1910 Sparrow 1960) Salmon trOUt' f'i.L/i:'“
77l ehar (Willoughty 1969), perch (Hillougby 1970), "eals and .
: c - {}tny‘lampreys (wllloughby 1971) are also subaect to lnfectlork,:ye;ﬁ,,',
o fiﬂf-%T;T:?‘bY the aquatlc funglf Infected blackfly.PuPae (Nolan and L
& 4 ”}';fLerE 1974) and nematodes (Nolan 1975) have been °°lle°ted -
e S '.;i.‘\" S T IR T
N f IR R
R N . K

vegetatlve phase._The generalized 11fe cycle of a spec1es of?ﬂf?ﬁ'

for use w1th other spe01es of the aquatlc fungl Thus, these ' ﬁﬂ f,ﬁ

~—

e o
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from streams 1n eastern Newfoundlahd Larvae of 1nsects w1th_i'

?ﬁf”\ v181ble fungal growth have been found in’ B/oadcove Rlver, the;

%/{.;:_ff o

\sampllng 'site for th1s study The members of the Saproleg-;‘
A T
\nlales are, therefore, actlve 1n a body of water as members Sl
Hof. the.’ decomposer cycle There ls an exceptlon to thlB, 1n

that “the: specles of Saprolegnla andLAchlya Nees v..Esenbeck

e absent from heaV1ly polluted water and are rarely found

D oo

‘,g,y L f 1"part1ally polluted areas (Harvey 1252) Of the true " . ’2'
-ga_aquatlc fungl, only representatlves o]

the- genus Aphanomyces f

”:de Bary show any afflnlty for polluted water (Harvey 1952)

’”(l The above hosts or substrates are dlrect souroes from

Q}whach aquatlc fungl can be obtalned for subsequent study

N / c -.""‘*\

L ;”Tﬂ"These substrates are oolonlzed'by the zoospores of Water/ i;fLiﬂEf;',fjf-

:fmoulds (Roberts 1963) Consequently, the presence of a ',2§
. _.".'" “l
' T;?fungus on the materlal 1ndlcates that the zoospores of that

'*.3/j2*,;yff;fungus were present 1n the water and that it had recently
t!'gone through an asexual stage (see Flg 1) Gemmae, mycellal

A'.

~{fragments or even oospores mlght also concelvably be 1nvol~ N

e ffiived 1n colon1z1ng these substrates, and therefore 1n the\ o

'-fpropagatlon of/a fungus.vlnvestlgators 1nterested 1n'\

oy ..
LR

’f‘learnlng about the occurrence of these fungl have elther o
'fg;collected them dlrectly from an already lnfeoted source 1n .{”f P
. the: water (forrexample Lund 1934). or used balts (1 e.} ’

' ?l%ﬁmoulds._The use ‘of a baltlng technlque Was mentloned

.J'ﬁjihfsultable substratesg_as a means of "trapplng" these water AWj;
-
|
!
i

.q;:fé#aiig;:fias early/as 1887 by Zopf (§parrow ‘960) Sultable balts ;;?t:;ﬁ
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'5:’1n which most aquatlc fungl could be collected but he

,'and anlmal llfe. was not favourable for fungal growth on

*"The soarclty of water moulds in the summer was ascrlbed to.”bﬁ“?*":7"jfi

- R B ‘ T
QVgJ;_? o - ) 6.lf' e j'n':“:‘L\A \f_, ;
Con '?' . ?Zf~ ,// ;3\-, ; _;_.b . 'f:"\_
hfid_ ~~"1nclude dead 1nsects and 1nsect larvae. dead f;sh thgs!\tt;z -
:;; flowers,; fruits and hemp seeds (Sparrow 1960) Baltlng Of .l ?r{;'
f”ff' applng"fhagﬂbeen the method used by researchers uP to the |
e

present tlme to record the presence of and glve“relatlve

'frequencles for, fresh water fungl 1n general

-

Petersen (1910) correlated for the flrst tlme =

seasonal perlodlclty, enV1ronmental factors. and the occurr-
ence of fresh~water fungl. He fqund sprlng to be the season '“ﬂﬂffla'
b N

observed that summer},even w1th an abundance of vegetatlon

submerged vegetatlon. Coker (1923) conducted a two year "1:1'?ftjjé<fiﬁ
| study dur%pg whlch 593 collectlons were made. He alsc/found iif?;_.éfif}::
that for the great magorlty of. spe01es collected sprlng :, i
ylelded the hlgher number of 1solates.s5j‘ d. N : : ' ' .?
:: Waterhcuse (1942) detected a. seasonal rhythm 1n moulds _ . ; 'J,
. collected from a trlbutary of the Thames Rlver 1n England _::f;{f_i ¥i2
U81ng baits, she found that the fungl appeared in. September,--i' E
tL',—.';.v.'...'_'w—_.m———';—-lncreased~-to a maxlmum 1n ecember January and Fehruary.r..:'/;

then dlsappeared 1n.the summer. The autumnal rlse 1n numbers

. was attrlbutsd to 1ngreased ralnfall,.abundance of sultable 1”2_2"?"yik

T S
/ [N - . s ] ] } _1 _.: .
substrates falllng from trees and a decllne Ln temperature.- o e

hlgher temperatures and falllng water level.fff--y

e

"'u? ThlS seascnal perlodlclty, wlth maxlma 1n sprlng and ;
N autumn has been ncted by many subsequent 1nvest1gators.§.:ﬁ;~flf ' vf
i a7 .

PRER S e
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“Perrott (1960) attrlbuted 1t to water temperature.'suggest~
.!Q,;ng that the latter is of 1mportance in 1nduclng asexual J1~
'reproductlon and V1gorous vegetatlve growth A fungus thus

'.g; affected /y the seasonal temperature would be produc1ng

"',m},numerous 200spores and would therefore. be recorded as-
Ao .
s ,belng present 1n hlgher numbers.. N o

-

chk and Newa (1961) also found seasonal fluctuatlon,-’ ‘

.:fﬂw1th sprlng and autumn maxlma and 1ows ln June and July, for

f-,?*members of the Saprolegnlaeeae from the 3011 Examples of

R

-?'fluctuatlon wene also seen for 1nd1v1dual specles.mffﬂjl@-qﬁﬁgd,-~"'

V,ﬁyEythlop51s cvmosa de Bary was found tc have a mlnorf“utumn

’ﬁpeak, a large sprlng maxlmum and almost total absence 1n the - L
c e A T S N
: summer monﬁhS._"?_f'f'z{t;"Lvi“}f‘j:'.)}-jf_" - S

’

'f% | The resuits of the above 1nvest1gators agreed W1th
.j.}:)e;Jo;@thosajzf Roberts (1963) in that the number of spec1es found
. ::;f;durlng the summer was low, w1th the numbers agaln 1ncrea51ng ‘”;;’7I;;;f
'v;‘ln autumn and reachrng a peak 1£ spﬁlng Thé Perlodaclty of 'jliie” ’

"f{the members of the Saprolegnlales wa, sald to depend on the f;%‘j;ﬂ¥7
.tproductlon of zoospores,'a part of dSVeIopment 1nf1uenced by«_q |
I"nbthe temperature of the dlfferent ﬁeasons (Roberts 1963)
o Hughes (1962) suggested d1V1d1ng the Famlly Saproleg-

e

;;;jnlaceae 1nto two groups W1th regard to morphologlcal’type

'ﬂﬂfj-and.yearly occurrence. One group W1th centrlc or subcentrlc ,,C

,Qoospores (Flg. 2 3. 4) had a notlceable Seasonal perlod—_fl-

~3;1city, whereas some specles whlch form eccentrlc oospores ';/Z‘

”-f(Flga’5) had no dlscernlble perlodlclty pattern Specles of
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_f~_entrlc oospore._The oospore (o) has one or more

ayers’ Qf 011 globules (g) Whlch completely

Flggre 3

-
e
s
i v et
. F
.

. shrround the central promoplasm (c) x 550 %1?'-;?;%{

&globules (g) 1n thls oospore (o) do not go

'i(gj and lles outs;de of'the central protoplasm

'ﬁﬂz(c) 1n thls type of oospore (o)} x 690 ;«:”;' f;?{fﬂ
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“'”rround the central protoplasm (c)_fx 1150 \:1;”
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ubcentrlc oospore, type[I All the 011 globule

oo s o

ﬂayers/(gy in, this oospore (o) do not completely

oo

o \
Ot - P
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‘-'- - . B . o e T -‘- .
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o

Subceﬁ%rlc oospore, type II The layers of 011

‘ f

© mpletely around the central protoplasm (c) xIILSO;:?““

R ST a. STy
- . oo .'/.-'»».'7"' . //
Eccentrlc oospore. The 011 is- in qne large drop
%
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Saprolegnla whlch are malnly of the centrlc OJ subcentrlc :

type were most commonly 1solated when the water temperature '
fell between ? to 21 C ".The, temperature ranges 1nto Whlch

the hlghest percentage of a speblflc oospore type fell were:. N
. i
7 to 21°C centrlc; ? to, 31°C subcentrlc..7 to 3? . ecc-

o entrlc. In a separate set of lnvestlgatlons.nToma (19?3) was’f

siw ot e : » A Y

R also able to dlvrde the‘members of the Saprolegnlaceae whlchﬁ Lo
IS 7 e f B .

he 1solated Jnto three natural group ;,correlatlng temp~x

. N . . > .
T . o

.”T;é; erature at whlch the collectlon was. made w1th the mbst l”;ﬂeﬂiﬂjj;

prOmlnent oospore type. In cold temperatures (0 to 10 c),!IU:;”Q =

N -jiraﬁé( most of the- specles had centrlc or subcentrlc oospores.
| . Temperatures from 15 to 30°C ylelded malnly speclee.W1th
eccentrlc oospores A thlrd group conslstlng of both centrlc
}_andijccentrlc oospore types was found to be apparently .
| indlfferent to temperature._These results seem to be _
; Lfld?‘; h'ff: supported by a general survey of this type of work belng
! - '. BRI carrled out, 1n a w1de varlety of locatlons. Hughes (1965) .
Do llsted~the results of many researchers from Latv1a (northern'
1at1tude 57H) to Puerto RlOO (northern latltude 18°) The
percentagelof cengrlc and subcentric species found appeared
:;t,% ;jj;” to decrease as one went further south, whereas the percentage
Lt a of eccentrlc specles 1ncreased reachlng 98 9% 1n Puerto Rlco

o and 1oo;z in Hal'tl (northern 1at1tude 19 ) : .

SR L The findlngs of Alabl (1971a) corroborate the aboveu
'f¥f'7c-" Members of the Sapre%egnlaceae Wlth eccentrlc oospores were

] 1o

o e

':d all year round 1n ngerla. InAcontrast specles Wl
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'At“-f’ )

.'varylng factor. It depends on the surrounding and underlyxng

T :n;‘f" e 11“3f

.

A

jsubcentrlc ahd centric types occurred only durlng the ralny

1 season Thls may suggest seasonal fhuctuatlon of the 1atter. 0

The pH 1n lakes. streams and rlvers 1s a normally=

o> —

»\5011 ~rock compos1tlon of the area vegetatlon and ralnfall

"[?whether pH had any effect on- the occurrence of’ the 1nd1V1-~P
S 10 ;
"}uﬁdual spec1es Many of the fresh—water fungl. such as

.'Saprolegnla ferax were found to occur ln all of the samples..' ’

:(Alabl 1971b) Lund (1934) d1v1ded aquatlc habltats 1nto
. Co's -
" Myl
T flve categorles acoordlng to thear pﬂ nanglng from hlghly
ﬂ“ﬁa01d to constantly alkallne.-He then collected aquatlc fungl

‘"from all the localltles selected 1n order to determlne ﬁti_T:f B

- .

A

'Some specles. however were found preferentlally 1n e;ther’_-”

*'ta01d waters (pH 3 5 to 6 8). for example, Saprolegnla

-'fﬁf"dlcllna Humphrey, or 1n alkallne waters-(pH 6 5 to 8 4). for~
;example. Saprolegnla asterophora—de_Baryn_.:' '

' -Perrott (1960) found that the specles composxtlon of flf

"ffzfungal populatlons was dlfferent at each of four collectlng'*-

””statlons of different pH Roberts (1963) was able to d1V1de

?;:the aquatlc fungr whlch he had oolleoted 1nto three groubs:‘zf

f'a01d alkallne and neutral The fungl fell 1nto these groups,?"

:'fias spe01es, with no - correlatlon at the generlc level He -

:Cichh\(1963) observed that moderately acld 80115 hadr

'Zaf’found the greatest number of specles between pH 5 6 to 7 4

B ﬂv‘

d}greater number of specles than hlghly aC1d1c or. sllghtlye 'u’

~alka11ne splls H1s results agree w1th those of Roberts°

’ . - ,:,_ Lo

-
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j_occurrence of members of the-Saprolegnlaceae (Dick 1963,_-

l Roberts 1963) ' :;:p;fff, .f~ﬂf'

:qungal propagules 1n fresh water. The practice of bartlng,
.though, does not glve a true plcture of the numbers present,

'ibut rather of the colonlzlng abllltyfof the zoospores (Cookep

i the tlme would go unrecorded ~'I'The type of balt used also
”,glves a dlfferlng 1mpressloﬂ of the spe01es present (chk
sfi.1966) One maaor weakness of the hemp segd baltlng technlque,
"and presumably true of: other balts as well. 1s that 1n drder

effor hyphae of the saprolegnlaceous fung1 to Become

Jn1aceae could produqe sporangla. Wth

. . ? ’l_. ..
‘ germlnate and release zoospores. Thl would gmve an faﬁ‘

”i'zoospores of aquatlc fungl are also

(1963) 1n that some specles are found 1n characterlstlc pH

ranges. However pH alone ;s not sﬁfflclent—to determlne the

Ceee ) el e ‘,.'ﬁwif
The prev1ously mentloned studles all used ba;ting

technlques to determlne the presenoe of zoospores)or other—}t

1961) Spec1es Wthh were“present but had no zposporangla at75

r

., -

.o . ". .,‘.._...

flrmly establlshed,on the hemp seed the tWO must be ih ;,*yf

wy 5

:,contact for several hours. Durlng thls tlme, rest1ng.pr0pag-~ L

nfules such as encysted zoospores qr gemmae of the Saproleg—'l-

”

i

;1n turn mlght

. . 3@
. <1ndeterminate rlse in lnooulum poﬁenklal (chk 1966) Another

!

.dlsadvantage of thls method ‘is’ that/balts attractlve to the j«fr:

sultable for the growth

"g'of protozoans-and bacterla. Thlsimay resplt 1n the profuse
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___-ﬂ. o 1 3 o
- o The flrst attempts to produce a more accurate-andlcat-'
. ) : / Ya 2 .
= 1on/of the populatlon 31ze of water moulds was made by
I . e i, -, .

«- . - .

Wllloughby 1n England (Wllloughby 1962) He. 1ncorporated
- water samples 1nto agar and submerged the sectlons of the..'b
SOlldlfled agar 1n sterlle Water. Thls would 1ncrease the
pOSSlblllty of obtalnlng‘growth of malnly aquatlc fungl. By
~ notlng the,nature of hyphal branchlng and type of dehlscence,b
ij:'.;: _fi_ af present of the growth frlnges, he could ass1gn the
. o resultant growth to a’ genus OOgonlum productlon was very l_,@,‘u
S 1nfrequent so specles level 1dent1flcatlons were 1mpossible. o
;j'_' '-j _w : ThlS method gave a numerlcal 1ndlcatlon of the genera :
: | B present in the aquatlc habltat studled J1 and Dayal

-~

.;' , ,sf_ (1966) used the -game technlque in- Indla, and came up w1th A

-f';:; sllghtly aifferent results 1n that the .genus’ Achlxa was’ the'
B _-ff : most humerous. W1lloughby (1962) had found\Saprolegnla to be.'

ol . . ; the most abundant genus. He suggested that the number of

- ' - K

e 'h . growth frlnges was ‘a. dlrect reflectlon of the number of
'?f zoospores; rather than gemmae, oogonla or myce11a1 frag-”\

ments, present in the water (see Flg. 1) .:i Jk-",

‘o

- B, Purp08e
A . ‘;,._

Cd : . [
¥ . t . . Tt
. . © B A .

Thls study was almed at obtalnlng an accurate - ﬂfx

"/'-‘ L ,g’lquantltatlve estlmate of the number of propagules of _;.!'ﬁ

'fiyl representatlves of the genus Saprolegnla, and Pe{haps Otherli7i~
31 =n 'f,,gV f..‘- closely related genera, present in. Broadcove Rlver.," R

}.:__. «;_~d: The/procedure was de31gned such that every propagule;“'
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present 1n ‘a glven volume of water would have an- adequate . '-'v'
b ","_:opportun:Lty to germlnate, be :Lsolated and 1dent1f1ed Loss
B ::fof propagules 1n the 1nterval between collectlon and KRN

prooes51ng was m:.nlmlzed by oolleotlng a larger volume of

, o ,"water than was needed\ so as to malntaln the- water sample -
' , < at . stream temperature durlng that ta.me. 'I'he sample was .
o\ ,,processed m as short an’ elapsed tlme as’ poss:Lble ‘aB a’ .
| ,decrease in, the recorded\number ‘of members of the Saproleg—. R
\/ ' _‘na.ales occurs two hours after the tJ.me of collection n '. ' _ 3
S (Wllloughby 1962) Eh—e w’ater was centrliluged to concentrate | ;
) the fungal contents (zoospores, hyphal fragments oogonla,,-‘ '_
" l.".etc ), jl;hen resuspende’d 1n a volume of sterlle water to g:l.veh ° g
-'»an approprlate d:Llut:Lon of the propagules. IR . '.._'_' . L . :

L e ~ The water semple was notma.ncorporated 1nto warm agar, N

‘ E but was spread on a prepoured, solldli‘led agar surface W1th
“‘ ' ~‘,9- cooled alcohol i‘lamed glass rod (Klean a.nd Wu 19711—)
Eﬁsured that any« heat sen51t1ve propagules wou:Ld not be
S ; elJ.m:Lnated Fung:l. partlcularly sen31t1ve to lack of oxygen ~ -
would not- encounter any problems on. the surface of the/agar. ) _\. J A
s b .'-Streak plates have bee shown to Ny:.eld a. hlgher count o'f '
. :' v:Lable colonles than pﬁ plates. even w:Lth samples taken 3 ,-_r;j 4
* ;t‘rom the same suspens:Lon of baoter:La (Soestbergen and Lee o .
R 5;“:_1%99» e T e e L
| J 'I.‘he agar med:.um chosen was especlally select:n.ve for\ TR
i vspec:.es o:f:‘ Saprolegnla (Ho 1975) An ant:.'blotlc‘}mixture ‘
o , L o >




-

retarded the growth of 'bacterla; the ohemical pentachloro-
':nltrobenzene (PCNB) delayed the growth of - terrestrial :E‘ungl. ;
:.,'Thus, spores of terrestrlal fungl (consldered allen, 'but |

. nevertheless present in ‘an aquat:Lc envnonment) were f S
‘ 1nh1b1ted 1n their gerrnlnation and potential growth ThlB"_‘ | .
o ” K ':.decreased the possiblli'ty of terrestrial fu.ngl 1nh1b1t1ng", B

I. . ,:_the grgwth of th; lesB vigorous aquatic fungi. The incub-
.ation temperature -was also a selective force :m favour oi", :

' A;""the water moulds._ It was chosen ‘a8 a ‘result oi‘ physlological

studles done on aquatlc i‘ungl 1solated from streams J.n

'.'.'-._-,'_eastern New:t‘oundland. vthiopsls cymosa was found to grow

NI

well w:.th,in the range o:t' temperatures from 12 to 17°C .

(Nolan and Lew1s 1974) Saprolegnia meg_sperma Coker g:rew

PN FE NN

S

;equally welZL at 13 ' 16° and 19°C (Nolan 1975) Saproljnia

‘ferax, though hav:Lng an optimum temperature for growth near
'\,-a .

g 2b,° , still showed ”adequate growth at13° c (NoIa.n 1976)

L ThlB latter temperature 1s lower than the optimum for most
P N DN Q } o
e T e terrestrial :t'ungl and would therefore. favour aquatlc

- .' fungi. It would also allow i‘or the growth of” water moulds

regardless oi‘ the t:Lme oi‘ year at whioh the collection was

T made.u ".."' Coe e o - Lo _' '-'—I«',k-;-'"

'I.‘he 1nterval :t'rom plating of the sample to growth o_'f

bacteria and terrestrlal fungi was - lengthened by preventing

By excess contammatlon throughout collect:Lon and /processlng

) e For a given ,sample s,}ze on & given 0011901‘.}.01’1 date. the lower




' '-'the number of epores of terrestrlal fung1 a.nd ba.cterla
:. . . I':fpresent 1n each plate the more effectlve the PCNB and
| ‘ '-?"-antlblotlcs were felt to have been.~ Onc; these were ueed up.
“ o U '; 'undeslrable growth could prollfer,ate over’ the agar surface.'_ B -

Thus, efi‘orts were dlrected at allowlng all the aquatlc

T propagules to germlnate a.nd be 1solated before th:Ls occurred

, 'I‘hrough thls method :.t ‘is hoped that any saproleg— s
nlaceous pz\opagule present :m the water W1ll form a B:Lngle .
c“lony‘. Dally observatlons of the 1nocu1ated plates 171dlcated

the de\relopment of~ new colonies and these were 1mmed1ately

‘\—-\

:Lsolated for :further processing and 1dent1flcat1c>n.

At the time of each collectlon temperature pH anda "

' ,_,:'_.several other chemlcal parameters of the water Were measured“ﬁt \ '

.

. ':Ln order to determlne whe ther fluctuations :Ln these were

L 'rei‘lected in the occurrence of spec:Les of Sapr"legma,' and Ry
T ',’:.\of other closely “related genera_ There 1s\ one d:.:f‘ference in o
the ruanner of recordlng tﬁe 1nf1uence of pH on occurrence, as .
"'"'1_'carr1.ed out :Ln th:Ls study. from that commonly used Instead
'-I.:.iof choosmg dli‘ferent localltles w:Lth vary:.ng PH Emd
"'f-A'study:Lng the i‘lora present/at these s:Ltes (Lund 1934

jiPerrott 1960 D:Lck 1963, Roberte 1963), the qnethod used

(

/
er?tall'ed sampl:.ng the same site a total of elght tmes
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EUIERCIE
' MATERIALS.-‘AND METHODS . -
A Collectlng of samples L Lo
5 . . / . )
e 1. A collectlon was made every 56 days (+ two omvthree '

days) from 1 December, 1975 to 31 December. 19?6 (see
Ta‘ble I for}ollectlon dates) A\twenty lltre plastlc a
contalner (Flg.e 6) was’ i‘lrst rmsed w1th seventy percent

ethanol in order to remove accumulated spores of bacterla

L - ) '. and terrestrlal fungl._ It ‘was. then washed and rlnsed eeveral

" | | 'tlmes w:.th wa.ter from Broadcove Rlver 1mmegz.ate1y before _'
' sample collectlon.,Th:x.e was done downstream from the coll—-
) / ectlon s:.te._ 'I'he contalner wae opened under water a't the .
R collectlon 51te w1th 1te 1arge opemng towards the/flow of

water. The- splgot was ﬂaleo opened allowmg water to flow

‘e

through When tWenty lltPeS had 'been collected the cap and

e
e ~-'~. ’::’
N

.' splgot were tlghtly shut under the water before traneportlng

to \the laboratory. Meanwhlle the temperature of the etream

’ ) , 3 vas: recorded and water samplee were obtalned for chemical 4
2 R a.palyees. Five Whlrl-Pak plastlc bags were also i‘llled w:Lth .
S / fj\ ' water and Bealed for pH determlnatione. The parametere of the
% / .\-: | etream meaeured -are l;:.eted :.n 'I‘a.'ble II ) . B ‘
:;:g . h ( ', . Pre1m1r>ary lnvestlgatlons 1ndlcated that the L
'i : ;."):".‘j" R propagula level \m the water was too low to be determmed by
Lo NN . diredt. pla(tmg of. the water eample Centr;fugation of/a J
1arge volume wae therefore, md1cated Twenty 11tres gave ' :
. | \an overwhelmlng number of J.solates, eo that the eam;ple
* e w e ‘ e




TABLE I
COLLECTIO_N DATES

'Cb‘l':_l.e'é_zt(i on number -

i

Date - . .0 B

b

1 November,'_

1 December 19?5
26 January, 1976
22 March, 1976 .
17 May, 1976

1u Ju&y, 1976 f
7 September, 19;?.6 )
', 976
31 December 19?6
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j’lf'_ et TAEEE I
PARAMETERS oF BROADCOVE RIVER MEASUREDa

0y

. Hardness S .-'. ._-:_/.
. KJeldhal nltrogen L L
L | RN e Nltrate (NOB) - L  ‘ " o d’
- L -,'3',' -' - Total Phosphorus (T-PO,_}) : j.:‘i"‘ CEONE T o
T 0hem1cal oxldatlon demand (COD)”..: " ol :,‘;.;.'.}-_:

ToTLT

Ma.gneslum (Mg) =

] N ’ x .
; B . ' . o ~
i S Iron (Fe) _ o T g w o
& ot S T e R e cE
7 £

A
‘-,L:

Manganese (Mn)

§ ' CopperﬁCu) .Qfﬁl'gﬁﬁf"Qﬂg*'"”” 3
; Zlnc (Zn) __ ) .

?3-?. Sod:Lum u)xa\) ; BTN L e U JERERNS

B

Slllcate 4310 ) e f*55§*7:3*7:,..”{ﬁﬂt:ﬁﬂ,,ﬁaﬁgj'lifﬂ ) u?:f%ﬁﬂ{f"
' | Dlééélved oxygen (DO) R 3 - ~/
RS Sulphlde (Sr e T L e e
{*fa'i PH \.fd'~';f“7?g,';~;v'ﬂ PN T T e L

i Temperature SR B -

S aAll para.meters excep'tlng 'temperature and pH were e
.--:"'ana.lysed ‘by. the Water Analysis Facility,’ Chemlstry e
Department Memomal* Unlvé”rs:n;y of" Newfoundland. '.' FCETR RO




L - " . ) : f.liw
‘ SRS 2,0‘ .« 7
- '
~ ‘4brought 'back to the 1aboratory was flfteen to twenty lltres
in order to mamte.:.n the Sample at stream temperature -untll -
Co . centrlfugatlon was carried ‘out. R B . E

)

fB Proceeslng of the water samples SN o
1 Blological analysw o
L A contlmmus flow pl'&nkton centrlfuge (Foerst

: .v'.-Mechan:Lgal Co.. Ghleago. Ill ) w1th a detachable cup and

'."cover/,was used (Flg 7, 8) 'I‘he removable parts, 1nc1ud1n§

"\ . Lok ) K . *

7
the screw were wrapped :m Denn:.sonwrap a.nd autoclaved They

-3, "'\n

were stored :m the freezer compartment oi‘ a refrlgerator at

| ; —2400 for several da.ys ;pr:Lor to use._. The centrli‘uge was set

up as shown 1n F:Lg. 9 1n a cold room (400).- These precau-

tlons wer(e “t/aken to prevent the heatlng up of the metal parts "
e e

of the centrlfuge durlng centrifugat:.on,,thus protectlng the

heat sens:.tlve propagules in the water.AFJ.ve lltres were

processed at a flow rate of 140 mlll:.lltres per mlnute,

-

»rate achleved by adgustlng the :f‘low from the contamep to as
small a volu'mefas posslble wrthout stopplng the flow T .

altoge ther o

.l . L RN o S .. . N .
. - - .

'.T}he centrlfugal i‘orce of the centrli‘uge was estlmated

Gt ..‘. S e, 4

"'"'". 11‘10 cO,,'fﬁ'[:.sslssa.uga. Ont ),, whlch gave the number of

\

revolutlons per m:Lnute;"'of the cup. 'l‘he :E’o;Llong formula for
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Flgure 9 Equlpment as set up for plr_c';ce‘é_é"in'g' __Sf{a'__wa.tef :







B Y R ST RN
AR

) i ‘ o ' . N |

" centrlfugal i‘orce\(Rgli) was used:
) 'RCF =-0, 000028’4- x R x N2 ‘ - s
where R is the radlus in 1nches from the centre of the cup;
N.is the number of revolut—/ns per mJ.nute (an average o:t‘ -
_three values in this’ case) Therefore, ’
| .' B ',})o 0000284 x10:95 x. 13, 287

glv:mg ‘a centr:.fuga’l force of 3 585 x g 1
o It should be noted that thlS value 19 hlgher than that

whlch was 1n effect durlng the actualn centrli’ugatlon of »the
1

\-"~

sample It wae techmcally not poss:.ble to determlne the -

revolutlons per mlnute of the motor wh11e the water was/

T - S ; runnmg through, although the motor aud:Lbly decreased* 1n .' ;
. N . - - '_. . ‘ . 'I“ 0

speed onee pro’eselng commenced.../_ﬁ R ,;:.:_.- ' f* 2 o

' The conden‘sed sample from the flve lltree wae taken to
a transfer hood and resuspended wlth one hundred mS,llll:Ltres 1' :
of sterlle , dlstllled water Plates poured w:.th the \

SOlldlfled selectlve med:.um for 1solatn.on of epec:n.es of’ -

Seprolegn:.a (Ho 1975) as lleted 1n Table_III were each ::‘ v -
xﬁoculated w1th one m:l.llll:l.tre of the .resuspended samp]_e ,, |
Glass rods flamed w1th Seventy Percent etha.nol and allowed/ " 'I:.""'_’ I'".'j B
to .cool, (KleJ.n a.nd Wu 1974) were used to spread the water j e r'

evenly over the eurface of the agar The plates Were \)

. :- 1ncubated at 1 3°c Théy were kept J.n the rlght s:Lde u;p
s pos:.tlon for ebout two days untll rthe sur:t‘ace wae dry, andff:_'f‘-

then» 1nverte.d._ A wet eurface would have been conduen.ve to
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‘TABLE-III |
A SELECTIVE MEDIUM FOR ISOLATION OF .
SAPROLEGNIA- SEP, FROM FRESH-WATER

Emerson's yeast extract s'olublé-st‘a.rch L '
| . aghp (EYpss) .. . Lpo .58
'.,.'--,a?enlc:.llm SR e T 200 000._.,.-;:.I.U.3

. ",aS'treptomyc:xn .- .',A o0 . B - 200 OOO_-"',," ug

: R Pentachloronrtrobenzene (PCNB) = - "-_", e lLOO e
' ‘..Da.stllled water DO P : ‘ 1000 mi

. 13 R R . .. . @ . RURIRERIEIN

- T~ < g m 0 T “-—.

-

: AB a lyo%hn.llzed penlcn.llln—streptomycln mn.xture R I
(Gra.nd Island Blologlcal Compa.ny, Grand Island New York) '

. ;
- -
- - ~
. . - ; ) ,
e a R »
7 .: i . .
. e .
> T . e
PR ; i
. . e -
" Fog




;»"'-',,‘:;were stored at 10°C awaitn.ng further processing and

the eread of bacter:.al colonles and spores.

¥

fﬂﬂ_’to detect colonnes as they appeared Tq\ese m:Lnute

colonles were ‘cut out along with a small block of surroundlng.

agar. The area of the block was kept as- small as- posslble to

~av01d a secondary growth later 1f another colony as yet _' e

-1nx}151b1e to the naked eye ' or a.n ungerm}nated propagule ’ was

2

L ,nearby Isolated colon:.es were tra.nsferred 1nd1v1dually to

iy

. '."?plates of Emerson'\ yeast extract, solu‘ble starch agar medlum.f"

h-:.mlxture (same concentratlon as the isolatlor} medlum llsted
"'i'»ln Table III) When the growth had covered approxlmately '
I'three quarters of the plate a s;mgle hyphal tlp was removed :
-“and subcultured to another petrl dlBh contalnmg the same ’
,' medlum. T}Y"é ylelded unlfungal and often pure cultures. as. ‘

‘the antlblotlc mlxture slowed down the growth of baeterla. : -

.{_:leavmg SOme of the hyphal tlps 'bacterla i‘ree Hhen bacterlal -
-:"_‘;contam:l.natlon pers:.sted through several hyphal tlp transfers,
“'Raper s rlng method wa.s used (Rapér 1937), usually w1th
_"success. 1t the latter method was: not successful. o 5 g.‘ oi‘

'_:potaesz.um tellurlte (D:Lfco) were 1ncorporated J.nto one 11tre

'of EYPSS med1um as an alternate means of remov:.ng‘ bacter:.a. o
"{'“-"-"Whe,n a. pure culture was obtamed, hy‘phal tlp Wa.s trans-""'f -
'."f.-jferred %o’ a culture tube eontaln:mg EY‘PSS agar T/hese tubes

R SR

By holding these plates up to the lightf. it was poss-

"".-"'_'.__or EYPSS (leco) contalnlng a streptomycm-pemullln x_ e

Ve
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Wh:.le the wa'ter sample was belng cen‘trlfuged
the pH of -the f:.ve water samples in the Wh:‘.rl-—-Paks was,

. .,l_-'.measured usmg a- Corn:mg pH meter (Madel~ 7) Ah average

~ R ';- ‘ The water samples obta:med for chemlcal analyses were_
N ) K ’ '. . ,‘__.___._———-I ! .'_;.-. ."l'
'taken to 'the Wa'ter Analys:.s Faclllty (Chemlstry Department,;.-...,-_' :
i Memorlal Unlve.rszxty of Néwfoundland) where the .requ red
tests were performed . ; :“ e T e e TS S
C Identlflcatlon o " BN .

In order 't;o 1dent1fy 'the 1solates, the ‘.t‘orma't\lon of

: R Lomae T
L sexual structuresaﬁad to be 1nduced us:.ng the technlques DR A A
o ' bas:.cal,ly dev1sed by Klebs (Coker 1923) The fungl were — ) :

S '- | grown on EYPSS p|lates and a hyphal tlp was transferred from 3
. each to a 125 ml’ Bellco flask contalnlng 50 m;L of s“terll:x.zed - -

‘ . '; "*"Vidttatum A" med:Lum (Vlt A) The compos:a.tlon of 'bhls medlum '

' - (Nolan 1975) 1s given 1n Table IV 'I'he :Lnoculated flasksx'.-

LS

-\. were mcubated on a, horlzontal, gyrator'y shaker (Psychro—';__,"}'j"_;_'.','~‘~.'

'?,:therm, model G 26 New Brunswiek Sment:ut‘lo Co., I\Lew

“Brunsw:tck New .Iersey) at 150 rpm and 13 C'

1n darkness" T




St e T .71"445”‘ L \, TABLE 1V .'*, fi3";4y?'
e T e THE COMPOSITION OF "VITTATUM A" MEDIUM

:fGlucose (g/l) .i;ﬁ,i:77t5 if£ﬂ;:5J': .fﬁw7;"5 h
ﬂiLactalbumln hydrolySate (g/l) c

s a7

- Py, () "._ﬁj??""y?:f7?gf'5'fﬂi' 19.8°
“?fii—fﬁﬂli3x}w04 hﬂ/l) Vf'%;iﬁ:f*ﬁf%fiff-ﬁf?:jﬁf¥ oz
: _MlcrOnutrlent SOIutlonjgﬁf&f  T L
EE ,  ian (as:MnCl N 0) '
] :}£;5; J} ;if?f;Tg:zn (as:znsou ?H 0)
S T : cuso4 5H20)
vlFeCl

3

(Y

v F . - See e

T T A
‘°.'~ . R ",‘- v ', . _'. R
N s R AU L

o iﬁ': T'fferast extract (g/l) :_fﬂh;  ﬁ~f;.i’f{i:;jf:: fio,5 ‘.

10,0097
0L00L L
04001 e

2 B150) :fﬁfi’lgﬁkﬁfff{?i”lfsfﬁ;fgfo o1sf%f,7f7.' |
ds Neglo0y 2, 0) 7 1L T ojo0e
"Coc12 6H50). flfﬁ73”’1~u1ﬂf'”g[y',f}9jfso 005
R (as HqBO4)., 1ff*3‘5'*é"ﬁ.?rig.friﬁ'fii’i_o ou6
liT&??C:iz EDTA” (as Né EDTA 2H 0) fi.rf'f}:“1;11ﬂ !~fo 032i(i”ﬂﬁf

'...

bEéTA» Ethylenedlamlnetgtraacetlc ac1d

:ff} To%al phbsphate concentratlon was 20 mM

5%.;5?_:31:.~;kﬂ~: Flnal pH '5. 6. All concentratlons 1n mM unless ff ,
ST otherw1se ‘Btated, I;{{m —,_u_ ff.y;,:y“ }_,:‘ S




ST CI%?t&lllZlng dlSh contalnlng°225 ml of sterlle, dlstllled PRERENENN

- C [ LT . T L0

o water and 1ncubated at 13 C. '."_33 “j‘ :' ,jfﬂ.\, i 'gi'¢' LT
. " ] ) o, . Ve ' ; o - ‘
T The fung1 were examlned mlcroggpplcakly”affer th?ee

P - e A
: weeks to determlne whether the sexual cycle had begun. Water

Ce

a\'

‘Pused in maklng the elldes. so that any zoospore dlS-

€,
Ve

e (éharge or other processes occurring mlghtt%e observed Th

-¢ '_ K ~

1dent1f1ca¢10n of the epeC1es of the Saprqlegnlaceae 1s' )

Lo \ oL
I stlll dependent on the 51ze %number and phy61cal character—v L

1st1cs of thelr eexual structures (Seymour 1970) _'_;'::*;wfm__ R

Classlflcatlon was accompllened u31ng\Seymour'e key for the j{f-fi“f

specles of Saprolegnlau(Seymour 1970) When an 1eolate was

f‘f;iwli obsérved to'be of a- dlfferent gends through the;nature of

v 7\ ¢

1fs sporangla or hyphae, then other SOurces were consulted '?f{ﬁ.-“f

(Coker 1923.'J0hnson 1956 Sparrow 1960 Scott 1961 and

a

others)

.

oospores were measured: type and number of oosporee ae well

‘as the nature of the oogpn;alrwall antherldlal branch Orlgln C
S 'Vf: and type of anther1d1a1 cell were recordéd for each oogon— ~ ;f,jgj
g;gﬁn¢‘{ 1um.;Slze and type of sporangla 1f present._and the 81ze,;{~:,ju;‘ﬂg.ﬁ

~,ﬁya§ of the encysted zoosp_,es were aleo noted for each isoiﬁte. - -
..‘| . e b \ . ’ Ve
f W When famlliarlty w1th jhe 1solates 1ncrea9ed then the ;ﬁiggn“

: CNg A : )

nhmber of oogonla meaeured wae lowered to\from ten to twenty : ‘fﬁr?

| Ad\itlonal characters ueed were the dlameter of hyphae and




S - R BN 1 &
4 et T o \ = - . . .
. .o® . Y a e
& ) o >, .
. - » T
1,
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Y ~ '°Computer'analysis-offtﬁemmeasurements was-carried out
'fto determlne whether 1solates relegated to a glven species .

'; ,“'dlffered 51gn1f1cantly from one another. The programme used

‘

gave confldence 1ntervals (Natrella 1972) about .the means for -

?'eﬂ" R “the dlameters of - the oogonla and oospores. These alded im

[

?;i.i R fjf ;de01d1ng whether two Lsolates w1th s1m11ar morphologlcal

3
e

ﬁﬁcll;q-'Li-‘e:giCharacterlStlcs_gggld*pgwplaced 1n_the_same taxonom;c group.
- HA comblnatlon of the physlcal characterlstlcs and thelr U ;,“ i{;_j

"?;81zes was used 1n maklng the flnél dec;51on.nrruﬂ%5551pgj,"“

',Q:;fhﬁﬂ'iiififf If no sexual or asexual structures had been formed 1nf.‘ﬂ

>'7atwo months of 1ncubat10n.1n the sterale. distllled water,';':.lfhff%:

'iﬁ.?'<kﬁﬁffthe fungus wae con81dered sterlle. When the fungus falled )
SIS : - “

ﬂto enter the sexual phase of the llfe cycle 1n a 51m11ar.i

. tlme perlod the 1solate was classed as sexually eterlle.;_f"" N
. N P . .

LT Thet waltlng perlod was lessened to from one to one and a ju:";f;.ﬁ,F,F:ﬂi

zjihalf months because of the amount of tlme avallable 1n

e whlch'to oomplete the study,‘/oupled w1th a llmlted number ' Iulﬂffﬁf.ﬁ}

_ of crystalllzlng dlshes avallable for use.lﬁﬁgfgﬁ;{5;”~7
' *fﬁuffe.fi't’ AlthOugh non—aquatlc fungl were lnltlally delaYed oy

in the1r germlnatlon and development by the PCNB on the o

“":5asolatlon.plates the chemlcal was presumably changeg/to3:}?fffﬂi'

:;\_T.[g,;,“a non—lnhlbltory form after a few dggs: ColonleS/of

"Q:fterrestrlai:funglawould then start to appear ln ever

vlncrea31ng numbere These.oolonles had to~be 1solated ong




-appearance, being too small to'be digtinguished as non- _

aquatlc. All COthleS were thus 1solated untll the plate
[

became overgrown w1th terrestrlal fungl. whlch sporulate

[

rapidly and 80 1nerease thelr numbers, or. w1th aquatlc

-

fungi. To dlstlngulsh between true and non- aquatlc
. - ' /
: : septatlon of the hyphae Was used

funéi;

ab the maln leldlng

. . feature. Members of the Saprolegnla es do not orm septa:

l

N\
_y . f-ﬂ except to de11m1t reproductlve organs\ﬂSparrow 19@0) Any

septate fungl were recorded as such and dlscarded $y

of the aquatlc fungl whlch do form regularly spaced and

,,deflnltlon then membérs of the hlgher Famllles and Orders t,u._
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A Seasonal fluctua‘tlon of oertaln para.meters of water from

Broadcove River \ s

1. Chem1ca1 parameters o - .

. h‘he data resul;tlng from. \e water analyses _
(Table V) 1nd1ca1:e the d:.fferen't conce.;}tratlons recorded
{each‘ collec/:tlon. i '\" k

Hardness magnes:.um a.nd pota smum 1evq}

.. _._Jor each 1para,me*t:er at

7 . slmllar fluctuatlon\p'.-ttem. The 1eve of \h ‘n,ess *Varled'_"""*

'v:f‘rom ? 86 to 9 89 mg'CaQQB/l ;or most o:t‘ tl\e samples, w1t_ . l

| -'_'..'the exceptlon of thr:e ﬁe' ks.v These w\er§ ob\?erved in; the
"ﬁﬁez March sample (1o sézy‘Caco /1), )

e
e 7,\Septsmber

T | R
’ ""(12 51 mg CaCO\B/l) ‘Magne J.um! ooncentrat:.ons : uctue.ted'.',"
M '.' i . . /‘ . Vo -."
.,-.E-./::-'-between 0 838 and O ?20 m'v" l f‘or most of the' sa.l’nples w1th .

- 'MaI‘Ch sample (1 058 g/l).'-ln “the. Sep‘tenﬁ)er sample- / B 2RS

'Eiko U6 mg/i) and the\flnal eceéber sample (o 963 mg/l) “f_lf.'f_“jf
Ir':"'A-,._,Potassmm 1eve1s were 1.t‘ound]{i't;o range from 0 443 to « .\ ‘
O 546 mg/l in all samples exéeptlng those collec/ted in" \< @
""\-.i..March September and December\ 1976 These latter: I \\‘

".'collectlons y:.elded pea}cs o:f.‘ O 656 mg/l - 0 691 mg/l and \

R .0 623 mg/l rsspect:wely. :"‘:'.'-"-‘ .} Lo .';f f' B

o _ .'- Calc:tum values ranged from 1 699 to 1 992 mg/l * ce




,._December sample. - : /

-'-;b:__iln the December sample to 0 058 mg/l 1n the May sample.

-. .f.the w:m'ter mon‘ths, reachrng 1 654 mg/l :Ln the January
:f,'. aample a.nd 1 026 mg/l

L .
- T
Sep‘tember (z 502 mg/1), and in ‘December, 1976 (2.474° mg/l)

The ‘values recorded for manganese 1ncreased from a -

'value of <O0. 01 mg/l :m “the 1 December sa.mgle to a mlnor

peak in March (0 103 mg/l), 'then decreased to a value of .

»

< 0 01 mg/l in t/e July sample A seoondary peak of
O 299 mg/l was recorded in Sep’tember ‘with the ‘values

'-dr8pp1ng to- <. 0. 01 mg/1, ln November ‘and reachlng the
R hlghest recorded concentratlon (O 573 mg/l) m 'the 31

e A

The level of :Lron :fluctua'ted sllgh'tly from O 06 mg/l'; =: !

S ‘._-.";'%Awa'th a mlnor peak occurr;ng :Ln January (0 072 mg/l) The '..',} "-.'_'\":

value dropped 'to <0, Ol mg/l in, July ngh 1evels were
recorded :Ln S ::tember (o 295 mg/l) and December, 19?6

' a low value of O 029 mg/l occurrlng :Ln "‘ﬂ' '

- e

't:he November Bample e . W ,"/‘, _.

\

, -

't'.he 1n1t1a1 December/wa-ter sample (O 2‘2 mg/l), after whlch

\,

'the level decreased and remained low for the rest of 't:he

-

collectlons. Mlnor peaks occurred :Ln May (0 Ol+1 mg/l) ar\1d S

September (0 OBB/mg/l); .lower values were ob'talned 1n

July (Q 029 mg/l) &nd in’ November (< 0 01 mg/l) ,

Sllicate concentratlons were i‘ound to be hlghest in

A peak was\\recorded for 'the concentratlon of z:.nc :m
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The level fell to its lowest values”in the July and.
‘Novefiber samples} A minor peak~of102732 mg/1 was recorded

in Septemberf

~

Analyses for copper showed <.0. 01 mg/l for all
samples..Cadmlum also appeared-in conoentratlone of'
s '< 001 mg/l w1th the exceptlon .of. the May and November
' )1g;f‘ water samples, when the value reached O o1 mg/l
b.. .:H' A Q3§h level Was recorded for sodlum 1n the 1n1£1a1
. ;ﬁ-iT: December collectlon 624'58 mg/l), w1th a drop 1n January
t Q?'”féj{”;ia and a subsequent rlse 1n March (9 15 mg/l) The level then

: ,?ij'ﬂf:‘“ decreased reachlng a low 1nqSeptember (7 586 mg/l)

the tlme of the f{gal December collectlon, the recorded ff-ﬁvm

S

value had reached 8 6 mg/l.a-,Tgﬂfif? }‘_,é;V'.“.n‘ . 3
”"ffwj.:%g.'fl The level of phosphates 1ncreased from 0. 037 mg/l 1n '; :7;“~'§Q.i
. the 1 December sample to O 05 mg/l 1n March dropped '

%f ;irfﬁt;l,"ff~ sllghtly 1n May. then reached a peak of 0 098 mg/l 1n July.,.~ i

A decrease was recorded in- November (O 038 mg/l) The Value : -j'“"zﬁ’“

'fef.eidf;fzfﬁ agaln reached 0 098 mg/l 1n December, 1976 5

B //wM The nltrate level of the stream was hlghesf/ln the o

//j' December. 1975, collection. ThlB 1eve1 fell below O 005‘mg u:‘fa{j-f
N/l at the tlme of the\ ;/ch September and flnal December | rii{?ie
collectlons Mlnor peaks were recorded 1n July (0 066 mg \:e;f:jfpm;e

N/l) andJNovember (O 541ng N/l)




September " The lowesﬁ cohcehtration was recorded in December,
) 1976 (< 0.0l ng N/l)
B Sulphide levels weré-low in all the’ samples. They '
I/ g‘

0l
ranged from 0.004 mg S/1 in the December 1975, sample fo
0.005 mg. S/l in the January and March collectlons, and

o -'jdecreased to 0.0 mg S/l in the May and September samples..A

e | ' -'V’peah was recorded in the November sample. (0.017 mg S/l)
_ ..fﬂ'?Vi'Q,t The amount of dlssolved oxygen'was gléhest in the .
7 d ’l:fJanuary sample at 9 8 ml/l It decreased throughout the . 776: 3
'ﬁxtawfollow1ng collectlons to 6.3 ml/l 1n the September Sample,_ek?mfzu
:' wifpilthen 1noreased to 8 8 ml/l/ln the December, 1976 sample.tgff,:,””fii:;i
E '7;32 The chemlcal ox1datlon demand of the water ;;mples ;ﬁliﬁ jﬁfﬁd
- i;bdecreased from 11 9 mg C/l in the December,_1975, Sample 'r"w;'h'
= ”'ft;to 8. 6 mg C/l 1n the March sample._ﬁhe lowest value Was dfl“ ‘ ~T'.r
, ‘irecorded in. July (5 1 ng: C/l) ngh values ‘were obtalned in ;J; 7f'_:'
| :} ¥ .E”-May (68 6 mg C/l) SepWember (33 9 mg C/l) amd December, "}yt"ijb,?ﬂ
- ffﬁi'i{i % 1976 (83 2 mg C/l) Organlc partlcles were v131bly det@ct—. 1:ifi
el ‘glle An the 1atter water smmple ce L e "0.' B 5b
o ;' "‘ The lowest temperature recorded for‘the stream:' .'-ii"?;
(1 5°C) occurred 1n the December, 1975, collectlon._The N 'ﬂfﬂ}i'?“
fﬁﬁlf;;{iFrj;vtwater tempepature values rose gradually until March (2 5 C) ‘if{z
i 'Vh'i&After March, the stream temperature 1ncreased perceptlbly, ff)?fliﬂf
. ?{A;ﬁwireachlng 17°C in September. A comparatrvely rapld drop had :¥~?a;:‘}5:
f“'l"fi }f0ccurred by the December 1976 collectlon, at whlch polnt fb:ff
R . LTI
.
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 TABLE'V o~
WATER ANALYSES DATA®
i .
- . DATE o, /
- PARA- Dec Jan Mar May July Sept Nov Dec .
METER| 1975 1976 1976 1976 1976 1976 . 1976 1976~
Har.®| 8.86 7.86 10.86 9.89 - 8,606 11.21 8.51 12.51
-~ : | o o .
Kj-N°| 0.34 - 0,169 0.263 0.323 0.429 0.827 _0.068 <0.0i .
= "N65§   0'12 X o 041 £0.002 0. 009;'0 066f<o{Qo§"b-o54f<o oo5

“ con®

B
el
<
IS
0
»

ooyl

,‘.'~0'22

0 037

11 9

1 916
°f92?

ﬁfo;gga"

<0.01 .

<0,01

v

-

24”58

O 042 0 05

0; 047f

9 -
1 699
o 8#
0, 072

1 0.015

<o'o1

8 06 68 6

.z usz 2 531-"

o 069 o 058

o 103 o 012

'<0,01 - <O 01

';1 058 o 838-.

i )92.-'.
874}
j<o,o1lﬂ

.<§J011

o o3u 0. 036 o 0417

<o o1
7 932

'<0 ol .

9 15
o 656

”o o1

}8,53; 
0537

<0,01 -

0.098 -
SEEY

o 029

oi'
5.8l

O

i"33 9
2 502f
0.946 ¢

”01295

0.299

6‘67&}]

9.05
ﬁi 958,

O 868

-

<0, 01

0.038

83,2,
0963
0.3
0,573 7

,O 029[

<0~01“—<o , 01

0. 038 ‘<0, 01 -

lf?bJ01

*<0s, o1
; 7 568ﬁ
o345 -

o 691

('o 01
18'629.j
07564

,0{093

0. 031
<. 01
8. 354
0. 625

7 o oou 0. 005

o 452 )o 443
o 962 1 654
. 9 8

0. 4813
8 3

0 Oé%

11 ozéﬁ
a;axﬁ

0. 732“f
6.3
'/Q.O_ .

0 '-42‘6'}‘.
{;T7 3
;: 0.003

0 977
o oo5

0. 646;
8 0

e

o o o{bba'

-

mg sl/i ghl 02/1; hmg {/1.1dn;;_ﬁ;Eji;j;g T:;.:~;};.ﬁ~ 'gyL

All concentrat;ons 1n qg/i unless otherwise stated.r.

Hardness mg CaCOB/l; ngldhal—N; dmg N/l; mg 0/1'“

oW
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i 1arge 1ncrease was recorded at the tlme of the Novamber

S

the water tepperature was aga{n at 1.5°C (Fig. 10).
) The seasonal pH recorded in Broadcove River ranged
from 6.6 at the time of the initial December and September
collections to a low of 5.5 in.March (Fig. 10). A pH
increase was recorded for May,'July and September The pH of

the'November and flnal December water samples did not show

.mqoh variation from/mhe_September;yalue._ >

S *‘ L oo Lo e e ‘ urfl.-fﬁ\
3 Number of fungal propagules and Sp901eS/” . ;'~1"e¥5:ﬁ IR &
The fluctuatlon 1n the number of fungal ;-]'j- f.i Jf1;

propagules 1s shown in Flg 11 A low number of propagules - ljﬁ;ff?

(or 1solate?ﬁ was present 1n the fmrst water sample. An F
estimated. 51 propagules per flve 11tres were pnesent 1n the
wafer. Thls concentratlon reached a small max1mum of 341

' propagules per- flve lltres in, the March collectlon..The

| propagule level decreased in. May and July, reachlng a low

of 178 fungal propagules per flve 11tres in September. A )

collectlon.:The propagule content of the water was 1042 1n
flve 11tres By the December 1976. collectlon, the total

number of propagules had decreased, yleldlng 91 1soiaﬁes}ﬁ

: from flve %}tres.;p w

It should be noted tha't Flg. Jfl reflects the r7umber

3 of aquatlc fungl obtalned. and does not 1ncludezlsolates of

terrestrlal nature (see Appendlx A§ Any mentlon of fungal

propagules refers to aquatlc fungl unless otherw1se/stated. ;'
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AR Flg“re 10: Tempera‘mre (0—0) and’ :pH (m—u) of Broadcove R
_ B - : Rlver at the tlme of each collectlon. _
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a

g 1975, and May collections, seven 1n the former and 31x 1n

v A

oy

; 1rregular hyphae, belleved to bf}ong to the genus\Aph o~

]

- each colleetlon FA greater varlety was obtalned in the March,

- 1976 collectlons both ylelded the least number of speckgs

r athes of seVen spec1es from four genera of the Order

"'australls Elllott (Flg‘ 21, 22 23) was the, next most

-

1structures 1n tWO months of incubatlon 1n sterlle, dlBtllleh.x

Do S : I - . ’ . . ) . . . - . ) A
A e e : o 41 ) S e T . oL P Y
'. L . . . ) A EEE .. L v et

e Flgyre 12 shows the. number of’ spe01es recorded for ?‘

July, September and November collectlons (ten. thlrteen,

twelve and twelve, respectlvely) The January and December,

(three) An 1ntermed1ate number was obtalned 1n the December

PN

the latter.f”.f

R v LTy

\',.

B Spe01es comp051t10 each collectlon

41{,5\

Collectlon 1 (1 December 1975? ylelded represent—

Saprolegnlales (Flg 13) Saprolegnla monlllfera de Bary

(Flg. 14, 15, 16 17, 18 19, 20) was “the. most abundant

epec1es, comprlslng 48 57% of the 1501ates Saprolegnla T ; -

numerous at 22 86%, followed by Pvthlop51s cvmosa (Fig. 24 ' e g

25, 26) at 14 28% A low percentage of the 1solates was 77{ f-

made up ef Saprolegnla dlCllna (Flg. 27), Aghlya oblongata

de Bary (Flg. 28, 29 30), Aphanomvces stellatus de Bary

(Flg. 31, 32;. 33, 3&) and an- 1solate de31gnated as Sterlle I
(Flg.'35, 36 37. 38 39, #o 41 42) The latter was an.

aquatlc, non septate fungus w1th very slender, sometlmes

(TN

xces. ThlS fungue falled to produce sexual and asexual
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S Flgure 14 Saprolegna monlllferax In'bernal prollferatlon

/

“ - of a zoosporangl:um. The new zdosporang:.um (z)

~
-5

i grew through the base of the emp'ty zoosporanglum

ang:.a. New growth (n) b.nd gemmae (g) growing

SR through the empty walls (e) o;t‘ tw° ZQOSPorangla
u.
wh:x.ch had prollferated laterally x 280 R :_...
R ,

e

Fra

k74)

ki

(ar:q-ow) from an 1sola1;e w:.th a. hlgh 1ncn.dence-fl. S

"

%

‘oi‘ paraslfblsm. x 730 e

s 1%er,
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Flgure 19 Q’S monlllfera: Infected oogonlum A para siti :C"/ '

v . _.-'.'-"':-3 hypha (h) entered the oogonlum through a prﬁ _

-
b

et ..

. . . e e WU L ._,-,;_._-_ PRSI
J, L - _.-~.-.. L nool .,'-- - : .
S

L P F:Lgure 20 ngonlllferax Paras:Ltlzed oogon:.um A parasn.'t:ic

. e hyphé. (ﬁ) had destroyed the oospores f(o)..x ?10., «
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/'.'.l.". Eg_gure21 Sa:prolefz:nla aus'tralls: Laterally appresged

antherldlal cel:l. (arrow) x 470 -:":~
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Flgure 22 '8, austra.lls: chilnous ant})}éeridlum (arrow)

K 690 s
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Flgure 23 S aust al:Ls: Typlcal oogon:Lum. Oogonium with

. \“
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BRI . _i'fi'gur'e"éb'i Pythlopsls __mosa: Oogonlum. ‘ The ,characteristlc
S R ' L subeccentrlc arra.ngemen‘t of the 011 globules (g)

L AR ] Bhown. together- wrth the semlhypogynous '.,:-.',:

L0 T R S A N :

e T l ST po’):.t:.on of ‘the anther:.d:mm (a) x 1110 LT
Figure 25. P. cymosa: .In'ter;:'a,,',léry-"ooédniu‘xh;_-‘fx; 1070, L L
Figure 26 ' osat 'Oog'bniali;-epapill'a: (arrow) x 1060 B TR

aproleg;nla. dlCllnal Oogon:l.um.. 'I‘he centric T Sl
-centric Lo ‘

e ’ oos(pore (o) and d:.clmous antherldlal bra.nch (a)

e ST e characterls'ta.o of 'thlB %pecles are Shown here.,-_
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" ‘ Flgume 31. Aphanomxces stellatusc Oogonlum The fertllz-. ' o
.ibﬁ‘ gy . aflon tube (t) leads to. a subcentrlc type T - -
T . o L N J
) - e oospore (o) x)1050. e i . o - fﬂ S )
ﬁﬁi,. Flgure 32 A stellatus: 1ate oogon um The fertlilzatlon T
-~ ) “; ‘ o tube (t) leads to . subcen rlcutype II oospore ! ) ‘b
N o . (o) x 1050 - ; ' _

':-_', : , ‘ \:' ’ ‘ : : :\.
.}f“]i ":;’iﬁf Flgure 33 A stellatuss Paplllate oogonlum. The oogon1a1 - L :
R -'5¢ff.' wall sﬁows papillate type progections (p) o -

. o PEIluCld spot (ps) can: be seen . 1n the oospore.~:':

Flgure 34

x 960. ' “‘» L »

A stellatus: Tuberculate oogonlum..The-66€6ﬁ—'-?N];;‘

".1a1 wall shows tuberculate progectlons (arrow)

X 960 .
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‘Figure 39.’ Stérile L. Digtorted gemma (arrow):
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water . . L L o s 4.
- Collectlon 2 (26 January. 19?6) agaln showed | g o .__:i;;
g ';S._monllifera ae the- most abundant spe01es maklng up. . ”.',..éf?
"66 67% of the 1solates. . cxmosa (11 11%) and Aph .stelIatus» i ” :?U?
_ f(22 22%) were also present (Flg. 43) ,.'2j‘;';i : .f P J“:.?§f¥ f%;
N An\lncrease 1n the number of species present in the - He:; éﬂi
i:.water sample was recorded for the‘thlrd collectlon, made f,;\-.k "ﬂ_.::l
ion 22 March, 1976 (FLg hh) S&Brolegnla ferax (Flg. 45)._& _.:iiﬁ
. J,r;%:§4prolegn1a’terrestrls Cookson.z;d Saprolegnla eccentrlca : ,-”"?j
A ”lCoker aPPﬂared for the f1rst tlme. Members of other genera .ﬁp-"';"ji
7r“whlch were also recorded for the flrst tlme 1ncluded } :t'“s'. 5i.: fijﬂ
h{iiScollolegnla asterophora (de Bary) chk (Flg. 46 47) and 3 .;,.'ff
':Apodachlvella completa Humphrey of the Order Leptomltalee:" :?'i;ff;f
‘ (Flg..hB) Isolates of P. xgosa were the most numerous 1ni5'v ;j;hi',%ﬁ
ff_;thls collectlon. representlng 59 57% of the total. 'hg/{'} :";_f_: :
iﬁ:“' Collectlon 4 (1? May, 19?6) showed a decrease 1n the : _'lm;' -}
ef?number of speC1es present (Flg. h9), w1th Sterlle I and ,;.: »ﬁ? Ki q
’*f@:s, australls 1ncrea81ng 1n frequency. The former 1ncreaeed :['f\ﬂ-;f
Jf,:to 55 17% gnd the 1atter to 31 03%. The: flrst appearance ' .f'flifﬂ
'of Aph omvces scaber de Bany (Flg. 50 51 ' -:al ._' i
» Leptolegnla caudata de Bary (Flg. 56 57) whs observed at :Z: ,.i :
-f‘f&thls tlme."pwiﬁ-ze*' /.~;, l.,‘-;“'jgifi » ’f;' i
" - The number of specles 1ncreaeed to thlrteen in: the .Q:ﬁ? ¥ ; ' i
'~:':I;’~;f,f1:t‘th col.lect:\.on (14 July, 1976 Flg. 55) aprolegg o ,
"L;;}éfanlsospora de Bary Saprolegnla para91t1ca COK&D’(Flg \58) féfﬁ_l g
/ and Aphanomvces laev1s de Bary .were obtalned for the flret . 'ﬂ“hh.i
,5i‘ s o ii.-;/f inlffT’,137,fo;~"f7ff-?;Zif.ﬂ“fff-,"é
. ’égf
N




F:Lgure 43-~ _Freqﬁency dlstm‘bu“tlon of specles 1n the
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Flgure 50 Aphanomyces scabern Undevgloped oogonlum
." (arrow) X 760. e
v MY oA : o - .
g Flgure 51 scabern Short tuberculate oogom.al wall
o .
- proggctlon (arrow) x 800
1 .
R . & '

F:Lgure 53 A scaberl Papllla (arrow) k3 ?10.,

. t
S N B .
1

Flgure 54 A scaber: Oogonn.a.. A typi'cal eccen't::nic oospore
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s

i !
(o) and an androgmous anther1d1a1 bra.nch (a)

are shown. x 810
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t:.me A se/cond :bype o:E‘ ‘unknown, deelgnated Ster:,le II Was
encountered (Flg 59, 61 62 63). All :f.‘ungl ‘which had gemmae, _ ’ A

- \__ hyphae and sporangla typlcal of - the genus Lprolemla, or/ _ \
| even Achlxa, but whlch produced no sexuafl structures durlng ‘
:\ two months of 1ncubat10n :Ln sterlle dlstllled water were : ;

. placed in th:.s category. S. auetralls, comprlslng 39 65% o

of the 1solates, was the most numeroue specles followed by
L . s . &
B L. caudata (21.2%), ' : S :

- Collectlon 6 (7 September, 19?6’) revealed the S
V2N ' .- ' ' e
presence of addltlonal spec:.ee (F:.g. 66) These were . .. - .

: _‘I_,/y’ﬂ;,» Saproleg;nla unlspora Coker et Gouch (Flg 64) and Protoachlva

paradoxa (Coker) Coker wh.tch together ‘with' Sc. astero phora S

. and S, terreetrls made up a small percentage “of the total

S, Ster:.le I was the’ most abunda.nt 1solate (31 95% followed by\\

S australle (20. AT , R o 4 B REE

Collect10n7 (1 November, 19?6) did 'jnot show any: of s L ‘,

3 T T v

“the "occas:Lonal spec:.es such ag. S. umsp "ra, Sc. aeteroﬁhora -

)o The reappearanoe of 8. momllfera,

1] ‘;\ obee}rv_e/cfb S. aus_tralls,

mosa and A

S dlcllnals ferax.

. 1',.' c’:audata’ a}m' N

e -
3

| Thvé x}

r- =

T . collectlon B\(Bi December. 1976) S monlllfera made up SV S

P
'
4
°
T4 3\‘_

W



‘Frequency distribution of .6Peciss .in the

o i g uly v 1976, - Watersample (Colle
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D '.‘,These 1ncluded S eccentrlcaLSc. asterojphora and T

A Lt |

»«:Ln F:Lg 67 These J.ncluded S monlllfera, P, cxgmosa and

:f:"to March, and whlch occurred W1th greatest frequency 1\J\1 '
S australls, S dlcl:nna, S i‘era.x and L kcaudata, i‘ell into"'

' ,thls oategory. . - ;ﬁ ‘_ T '“"_ T

: .'abundant :Ln the Septembéb sample, but were absent from :.
"December to March (w:.'th the except&on of ,A oblomata)

S 'are shown 1n F:Lg 69 These— specles 1ncluded S paras:.tlca,
can be seen :m Flgl. 70 . SRR \ R A

R ~Apo. completa in March; S anisospora :Ln July, S unlspora,f. R

89 477 gi‘ the :.solates with P.. cmosa and Sterlle-«I eaoh

com‘posmg 5 26% of the total number of aquatlc 1solates
(Flg._éé) . -7.'-_.“.,.. U

3

]

B

C ‘Ind:.v:.dual fluctuatlons and trends - R _

- . . - -t . \ -. . .

- -
The seasonal occurren/e of spe01es w1th maxlma 1n

the w:.nter months (December to March), almost total absence o

I‘rom May to September a.nd reappearance 1n November is- shown o

A%

Aph. stellatus.: ‘\\ \ ’
: Flgure 68 shovi/s the fluctuatlon of spec:Les whlch

-.‘ j/ o ‘:~
were elther present at low levels on absent from December )

N

; -
.\~ l

oblongata and Sterlle II. oy , A
CON el e T
Further examples of fluctuatlo {inqi_-viqu.al; species
A % e : R W B

Some specles occurred 1n only one or two collectlons._

. . x /_1 .

T~
TR RN

‘ 'se'.. asterophora and Pr J)aradoxa 1n September. Thelr AN .
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"-bemperature SPSCleS They are'S auétralls

(cH:l), S dlclma (O—-—o) S ferax (I—I)

and L cauda'ba H)
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fluctua.tlon of the Warm weather
-9' ~ b "'

L SPec\lgs._ '.l‘hey are S paramtn.ca (H ), o

| ' oﬁl ngafta (-——l) and Ster:ﬁle 5.tI (0—0) : ,ﬂ o |







“ Seasorial fluctuation of ‘S terrestris.

"and Sterile I-(e-®).
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'Of the Order Leptomltales,x Apodachlveila pleta was the\

P New records oi‘ occurrence for Newfoundla.nd

'.,. l.
-

'I ccurrence w1'th relatlon to the’ weather preVaflen'b’- at 1:°he

. . .,Dx . '«‘ Lo ‘. -
t::.me of collectlon :Ls shown 1n F:l.g. 71 oo R
]» \. - T . A_ X .. L -'0"' : :-\ " R | )'o v‘..

C L R ' . oL e .~ . o l.' o - . , ,u.'." B

Sp E

Of all the spe01es re/orded ley fwo had been

K

: S .\
previously noted iug. Newfoundland These mcluded S ferax N

(Nola.n ﬁ976) and P cmosa (Nolan“ and. Lew:.s 1974) Thed .
following specles of the Order Sa,prolegnialeé were first

/

recordsx S anlsospora, S australis /S d:.clma..___ .'

v ‘e
-

S umsugora, Sc. asterd hof-a. Pr. paradoxa, A o’blonga'ha, R
' Y ~

‘-L. cauda‘ta Aph laevn.s,-~ h. ecaber and Aph stellatus.s

Y 3

_ ....

S-.’ eccentz‘lca,,s mor‘iJ.llfera, S. ‘pa.ra81t1ca, S, terreetrls, m, P
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f-relation to the weather prevalent at the t

'__-'of _,collectlon. Occasmnal speems a more

' .--'-frequent Bpecies‘ - weather (W) as follows: .:;

=Snow ..;'sun O raln . overcast O

'temperature (T); prec:.pltatlon for the date
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ELESUA Y AL I

jBroadcove River was dependent on.

'ftfnoted regardless of other env1ronmental condltlons.

*ﬂf“lnd1V1dually then synthe31zed to glve some 1n31ght 1nto the

"gfecology of the Saprolegnlaceae mn Broadcove Rlver.-f"ﬂfz'

"inA Effect of temperature fff'fﬂ;”{‘fi_r~,. P IS ARE |

' E@Qrecorded at the tlme of the two December d%lleotlons, the{' .

e ) I
98 o
o - 2N
L } ' . .
- . . DISCUSSION' .

. e o
The seasonal occurrence of and varlatlon in the total e

B

.number of aquatlc fungl and 1ndrw1dual specles recqrded in
\_\T‘

d clos—I?‘rnterrelated

a

uw1th many dlfferent factors. Env1r nmental condltlons such |

has temperature pH and nutrlent gent nt of the water must

i

‘ fbe taken 1nto consmderatlon together w1th the 1nherent

%characterlstlcs of the fungl themselves. Perlods of dormancy

C . Veoe o

-%before germlnatlon of the oospores, for example, were not/ .“;},jhf;ﬁ

seemed to be gOVerned by an 1nternal tlmlng mechanlsm.;ff”
o | s

"*':itf'.—The 1nf1uence of these factors on the fungal hﬁ hF%;A.E;ff‘“'?"%‘
{populatlon of the stream tended to overrlde one another sa;p:j’.,. ,
:,’that if, one factor reached an extreme (such as the lowest

‘ :iﬂtemperature recorded 1 5°C), 1ts effect was the maln one

‘ b

Each aspect of Broadcove Rlver w1ll be dlscussed

5

A
- . : ) - . -

Wil Number of 1solates recorded 7%,if'-;;_d53;“»fﬁ'f"ﬁji ,t'?~5.i

A”fvery 1ow temperatures, such as 1:5° C

¢

..—\

number of 1solates was very low, less than one hundred .
N ! - e iy : ST e ' ~ .
- N S ey '




nnot thouéht to’ be/the maaor cause for thls large 1ncrease.j

| 3f17oc in September, yet the total number of 1solates of
.aq“atlc f‘mgl d*%creased to 178 m flve Iltres. The peatesti’f:’"?.;""-‘:"-"
g -‘jnumber of fungal propa,gules was I‘ecorded:‘ 1n November,- when :

:Wf Lthe stream temperature~had dropped to 8° .fff?fVPFﬁfj_i‘ff;: ”tﬂ:;tjﬁl

“;‘T}the temperature o? the étream and the fluctuatlon 1n thef
ﬁ?number of propagules recorded,\although a generally hlgher;:sbﬁé

':Qnumber was obtalned above 1 5 C It 1s not known, however.

fifragments resultlng from.mycellal growth The Spe01es ‘ i
If“f?recorded from the cold.water (175 to 2 5 C) were not the l;l“;}é i
“'same as’ those obtalned from W ’. ‘ A
if_ieproductlon were taklng place at or before the tlme of ;J'Tafjif:df
'n;;collectlng the sample. the number of goospores released per ’ .

"zoosporangla characterlstlc for each SpteeS would tend to
,ﬁflnfluence theonumber of pfbpa les recorded‘for that specles; E*i'

Tﬁregardless of scant or profuse mycelial growth

b
" ~Nf
t ’ .

-propagules 1n flVe 11tres. There was an increase in the ) L

zgnumber of - propagules from 51 to 341 in the flrst three Co

collectlons. The corresponding xncrease in temperature of
{

’1 °¢. between the t1me of the flrst and thlrd collectlons was.

' The temperature increased from 2. 5 C in March to .jf. :

o

.o
ey

There appeared to be no direct correlatlon betweenff’g‘

$

l._ Q' /

s

xr water. If asexual

e

B s

Vs

;l} It 1s not unreasonable to assume that the fungal A
B ol
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growth rates were decreased to a mlnlmum at 1 5 C R681stant‘ ol

propagules such as ungerminated oospores, gemmae (chk 1962)U

and maybe prlmary and secondary zoospore cysts would perhaps

';3"-'; . :‘ be more commoﬁ’\han vegeta 1ve hyphae. It seems unllkely .
. ) that the formatlon and 11beratlon of zoospores would occur
at 1. 5°C as thls temperature 11es below the ranges observed:
“1:&5' for productlon of zoospores in- some 3pec1es of the

"h-Vﬂ' Saprolegnlales (Cotner 1930 Couch 1932 Salv1n 1941)

i e
. PO

However 31m11ar studles have not been carrled out W1th fungll”“J"’

41};5 1solated from constantly cold waters such/as those of
| Broadcove Rlver The pOSS1b111ty exlsts that spe01es commonﬁ-j*:*f

- "t ) ‘. 4) , B

‘ﬂ,f‘ here may have adapted to the low temperature’ wlth/sexual

and asexual reproductlon occurrlng in: a lower temperature f5;~u7

range than Fhat observed for thelr counterparts 1solated

from a more temperate regrpn. In thls case, even sllght

--'mycellal growth may have sporulated as 1ohg as the hyphae f‘ai:TfW

'ﬁl wefe not deflclent in nutrlent reserves (chk 1968)

' ,7/' St e "“""-Y‘ 'lf/'“\\ N Ef:f'Vi'lv‘;f'”f‘ﬁ'{,“

o 2 Number of spec1es recorded :;l‘i;”?{ff\vff‘lg O
h‘ff} f, j Low numbers of spec1es were recorded from the‘nﬂhﬁ.:;'fv}f
';.f“water samples obtalned when the stream.temperature ranged T |

: - from 1. 5 to 7 5°C An exceptlon.occurred ln the March
. i:-collectlon when the number of specles 1ncreased to ten..7:ji-iJ£_;T%}¥lg
although the temperature of the stream was at 2 5 C In thls‘z' il

1nstance, other factors must have stlmulated’fungal act1v1ty,tf

and perhaps\the temperature was not low enough to curtall or'j;

R
. R T P
] - o T . s
B . o .. -
. nT o
: R T
. .. 3 \ 3 .
» v : . - . \ .
- ‘- . '’ N = D
> - v Nt . = .
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£

';‘of the Saprolegnlales (Newby 1948 Powell et al 1972)

-ﬂ.should npt be regarded as belng 1ncompat1ble W1th a

"”"pﬁtemperature of only 0 5 hlgher (NovemberT yleldlng twelve

'*Z:fsultablg‘substrates such as thgs and 1eaves (Waterhouse'*

*a“1942) than that avallable in May at the end of‘w1nter.¢'”'

fﬂ;However,_the maxlmum number occurred when t €. stream was at

Tf13°C Ain; July rathep than when 1t was at 1?

'“ﬁaﬁllberatlon of zoospores. thereby 1ncrea31 g'the 1noculuﬁ?

A

. - "
. h . ,
- N . Ea L -
S . ..
e - - z =
.-

101

1nh1b1t thls act1v1ty

The largest number of spec;es, thlrteen, occurred at

. o

1300 ‘a temperature favcurable Tor growth of aquatlc fungl "1:;,'ug
(Nolan, and Lewis 1974, Nolan 19?5. Nolan. 1976). as well as

.. for; the productlon of abundant zoosporangla 1n some speclesl~

Twelve spec1es were 1solated from water smmples l{ St

"ﬁcollected when the stream temperature was at Bband 17 C The;..;t-*

"/./'

' :'ffj-fact that at 7 5 G (May) the water ylelded only 51x spec1es:“L? Lo

(

ﬁfspecles We see that other aspects Were 1nfluenc1ng the ;5{ii{ejp';?
7'act1V1ty 1eve1 of the fungal populatlon of- the stream For ﬁ;:}f;;"

“*fexample, a stream in November has a hlgher abundance of fﬂqu

The temperature of the wa er may be seen to have had

iian effect on- the numter of spec1es collected Collectlons )
'%:fln whlch the most specles were obtalned were made when the .
ﬁﬁﬁwater was at the three warmest recorded temperatures.-" -

.iIn September.;,f-:‘

ffTemperature may/have 1nfluenced the resultspln two ways.;gff”;sﬁ‘ﬁif

,f;uDlrectly,,by allow1ng the formatlon of zoo,porangla and ﬂr:yhl;:lﬂ'
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AN : AT
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[PERL EOTUNS B

1nsects and 1nsect exuv1ae, whlch would 1ncrease the

',fép_. completa.
'VMranged from 1 5 to 8°C w1th the exceptlon of S terrestrls,

t%WhICﬁ also appeared 1n.low numbers up to 17 C and P. xgosa.;

BN

;*”whlch was recorded w1th a 0 5%

«,;QCDécember) durlng exten81ve samtllng carrled °Ut over 8 onei.%gu'*”<7
'ﬁ}year perlod in North Carollna,

"fif.found:S

El

| oz Lo

potentlal -of spe01es 'S80 affected Indlrectly, by inoreasing' '
the- amount of food avallable.

for example, leaves, grasses,'

“Tmycelial growth of the fungl (Kanouse 1932 Dick 1970)

(\

. ﬂda stream w1th rapldly flow1ng water such as Broadcove Rlver, i

7b1ts of hyphae would presumably be constantly broken off by

; - fl,qthe actlon of the water. If luxurlght mycellal growth wasQi.tf;:}gof"t
"Ht’wLpresent upstream from the collectltn 31te. the amount of jfjff3f$ “é
""lghyphal fragments suspended 1n the water should refleot this " ﬁi
i'blncreased 1evel of act1Vlty o ;"" e .
3 Temperature of the stream and the 1nd1v1dual
., "?.ﬁ,ﬁx'specles observed "1';' l'j’:'f ; j‘f'“_‘ijf'“ %4 .
: o : _' The” spec1es observed could be' dlvlded into :il*_:iattal
'.#;three groups w1th respeot to the temperature at whlch they
'ﬂ{were collected w1th greatest frequency 'g:f:_'ﬁt; ;jiﬁVT(f;f. ;
g iﬂf??" The cold temperature spec;es lncluded S 'eccentrlca,;:ffam
:;»j}S monlllfera. S terrestrls,'?;\cvmosa Aph stellatus and ' “:ff : —

'

They occurred when the stream temperature,qu'tf_',;\jﬁ\

u -

frequency at 13°C “f?i'"”

Coker (1923) 1solated S

eccentrloa at only one t1me TR

S ls

- 'u:;;_."s-
SA The present study also ff;”;,.,tr

eccentrlca to be a rare specles, as’ 1t was only

T “l' Do o . A l- N . . . el DT o)
Lo e ie
- ." i " - 3 B .
S ) A
., . : X, v .
B B » B ’ -~
Sa - -
T R v I g
. A o - .
-
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1solated ond@ 1n March when the water was at 2 5 C..

A
. S monlllfera occurred most frequently at 1 5 and
-'.‘ ..\ ) ) '. . - w
S A ob Coker (1923) 1s01ated S monlllfera (= Isoachlya E )
E o monlllfera (de Bary) Kauffman) in January February and B *
L — » .

- March These—occurrence records may 1ndlcate the adaptatlon
! ) ‘\ . N . N ..
‘ ~of’ thls spe01es o cold temperatures.‘
i'5h% S terrestrls had a max1mum occurrence 1n_March,_.:'jg?p}f\~5'-:

though th1s may have been due to other enN1ronmenta1 § h\f :Jf'”’

e

". factors Sexual structures were produced by thls spe01es at ,:;,Fiq\

15 and 25 c (Elllott 1968), as well as’ at 13 c in the ‘--fffj};ﬁﬁf[5§3Q
. . - e N ',_/".

present 1nvest1gatlon. Sexual reproductlonfof S terrestrls '
;.f; at thesa temperatures may account for thls Specles' . ' :
o occurrence in: warmer waters (8 0 to. 17%8) \7 3 ’
l_‘ | ymosa occurred most frequently at 2 5°C (March) | S 7.ﬂ;
Prev1ous studles haye shown that the optlmUm temperature for :f‘ .

vegetatlve growth of thls spe01es ranges from 12 to 17°C

: '1;;;ikiw_“;n;aw1th scant growth occurrlng at 3 o} (the lowest temperature

R ;ﬁ L testedy, Nolan and Lewis 1974) Thls would. 1ndlcate that .a’
’ factor other than temperature was - dlrectly respon51ble for
o, o D Lol
SRR SO the 1ncrease ln numbers of P ygosa 1solates recorded 1n'3‘ta;¥

March Both Coker (1923) and Roberts(1963) consrdered

P . [

:{: P ygosa to be a w1nter spe01es

The max1mum recorded frequency of Aph stellatus

occurred 1n January (2 C) Thls specles was not recorded

. ____,.
~

‘.'at the two warmest water temperatures{ contrary to obser—'




' “ﬂtided out on available substrates by the stouter more

bR . . _' R
:;. v 104 : _t. ' b
2 ‘ . . LT ,
0. l.v vatlons made on Brltlsh water moulds where Aph. stellatus FVT'_f_ :“:-
{t ' ) was recorded as’ -a constant, year round spec1es ( oberts o ' ':--g
i{ 1963): EQ@SS plates 1noculated w1th A‘h. stellatus and : - -i
; 1ncubated at varlous temperatures from 40 to 30 o¢ ylelded _ ' 'J
fgrowth from 40 to 22°c» w1th maalmum growth occurrlng.at ‘ ‘ :;f
% _ :217 and 22°C (see Appendlx E) Thls would 1ndlcate that the ;7t1-:h;;£:
‘.;{ 7‘;absence of th1s spe01es When the Water was warmer was not | Ei‘f-i
] t}f w:fdue to the dlrect effect of temperature on growth Rather,\ }?”hli
ff' ;;tthe slender mycelaﬁb of Aph -stellatus may have been crow—';.flffifﬂ;ff

'Jf'v1gorous mycellum of spe01es of Saprolegnla (chk 19?0)

“!:il' tes malnly recorded from water W1th temperatures f‘
"ﬂranglng from 7 5 C to 1?°C w1th maxlmum occurrence at 13°C

5:These 1ntermed1ate temperature spe01es 1noluded S anlsos—.w

\ S e

Other speeles fell 1nto the second category. that of\i,;f;u

”;pora S australls, S, dlcllna. Lh caudata and Aph laev1s.-

B Both Coker (1923) and Rober s- %1963) reported

Lt
e .
Y i
L P
v
1
i
b A
o
\
S
wor A LeInt

L S anlsospora as a w1nter SPEClES,
N X

though they gave no.ﬁihifii'.zazi'j-

“;sﬁtemperature range. It 1s qulte p0551ble that a 13 C water

'fln the reglons studled by these two 1nvest1gators..Certalnly,,;

l._the range of temperatures recorded 1n Broadcove Raver-aj,_.fﬁhﬁ;;k,“

R

throughout the year fell 1nto Hughes' w1nter range'of ' 3 )
?7 to 21°C for hlB collectlon 91tes 1n the south easternszi}g;f_.‘ -1
SRS i ; o

"i temperature, though occurrlng 1n a Newfoundland stream 1n

=—July, falls w1th1n the range of w1nter or sprlng temperatures




/

et

'zoosporangla. growth at 1? to 20°C was educed and few .

?_lthe peak of 1ts act1v1ty (Roberts 1963) Thls seemed to be
'7Jproduc1ng zoospores at the tlme of col ectlon.zit'ﬂfﬂ

Q%S ferax 1s 24 ClW1th good growth occPrrlng from 19 to 26°
.‘2-;53 (Nolan 1976) However, S ferax was ﬂound w1th greatest

- t s ss1ble th t ‘the’ fu g ma: have be act Vel o
A 1 po a‘—_’_f_,ggu m Y. en i y .

f.sporulatlng when the July sample was collected Roberts t;“f
" &rom’ 5 1o 21°c W1th 18° to 2o°c being the optimum

,fibelng recorded 1n thecw;nter.\

N

-Unlted States (Hughes 1962) Under laboratory condltlons,.

S anlsospora grew best at 10 0 prodyclng abundant

zoosporangla were produced (Newby 1948)q Isolatlon of an -

: uncommon specie'e robably occurs when that specles 1s at

.. g AR
‘ the case here, as 1t 1s possmble that S anlsospora was '_( o

Boeow o
s

‘ .-'”- . "[r/.'---
-3-{ The optmmum temperature for myoellal growth of 7,

.

: 5;frequencz;at 11 C.aBecause zoosporangla and oogonla were

’ produced at thls emperature in sterlle, dlstllled water,'fj;

"?;(1963) con51dered S ferax to be a summer spé@1es.-; ﬂfﬂ,-t."

Oogonlum produotlon for S dlcllna has been observed

,.——f- N

"f(Szanlslo 1965) Gemmae productlon was observed from 5 to - .ﬁQiqf

é32 c (Szanislo 1965) whlch may account for th1s specles 1)},-<f. S

-,'s' ‘.: L
:

Rapld growth was recorded for L. caudata 1n the range:jﬁﬁ

of 25 to 30 C w1th a decrease 1n growth rate occurrlng

” *below 18°C (Couch 1932) In the same study sexual structures

‘_5'were observed to appear from 18° to 22°C though some stralnsﬁ““i“

.
"(,




this species w1th greatest frequency in the summer.

‘stream temperature was at 7 5 8° and 13°C but not at 17°C

'z.ﬁ'15°c Roberts/(1963) reported Aph; 1aev1s as a w1nter
"7¥espe01es whleh 1s 1n keepxng Wlth the flndlngs of thlS R
'3d?gﬁstudy The absence of these two specmes from the sample,:"bﬁ"'.q.
zftcollected_when the stream temperature was at 17°C may agaln be.

'f_,due to competltlon\for substrates W1th the more v1gorous, : ;ii

-.Aph.'scaber, good growth on EYPSS agar medla and sexual and
:asexual reproductlon 1n sterlle dlstllled water were//“j\“iit'1
"observedwto occur at 13 C The 1atter type of propagatlon
llmay account for the peak 1n the number of specles recorded
len the July collectlon. Alternately, 1f adequate nutrltlon Qf;i'

"{‘.was present 1n the water, then 1ncreased mycellal growth
Elfln the stream.'u; ;' 'flg o {:ff:.f'ﬂ' q-.ffz3~ve~”ﬂ. 'iy
-:lioccurrence 001nC1ded W1th the hlghest.recorded temperature

“nr-the exceptlon of A oblongata. S parasitlca, S unlspora,-

?;-Af'oblongata. Pr. paradoxa and Sterile II belonged 1n thls

106 °

o

produced sexual structures at 1& C Coker (1923) recorded

Aph laev1s and Aph scaber were rec0vered when the

Scott (1961) stated that Aphanomyces specles grew we11 from ;I'

‘. /

T

-

and also more abundant Saprolegnla SP901es.~,‘_~ _A,_ VS

For all the above spe01es except Aph laev1s and

-

may haye caused ‘an 1ncrease 1n the fungal materlal suspended

N . . N . f Syt ,.._

The thlrd category con31sted of.epec1es whose max1mum

R h RS

.(17°C) These speC1es were not reeorded below ? 5°C w1th

ety
e "‘L‘!v iy i;«- {;.‘1'
T
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_ category :' - ' . _ S -

‘ -~ Rapld heavy growth of the mycelium of S. parasltlca

occurred from 15 to 30 C w1th 25 c belng the optlmum _
temperature (Powell et al 1972) The maXImum number of ~qa -
"52008pores was' produced at. 15°C (see Powell et al 1972)

lThlB 1nd1cates that S para51tlca would be more likely to be

B J{Frecorded from warmer waters. fl'ffxﬁ;fhifiviltux\ﬁg Zﬁ;““fg'm'
A vlgorous growth wlthout the productlon of zoospores

DA N

"nfgg_ -hae been recorded for S. unlspora at 30 C w1th many

- zoospores belng produced 1n an lcebox culture (Coker 1923)

' '?f The 1solatlon of S unispora from the etream when the water

”Ff,f K was at 17°C may‘mean that the growth or sporulatlon of the'nb
SRS fungus was stlmulated by the hlgher temperature L |

The optlmum temperaturd for the productlon and ‘
llberatlon of: zoospores by Prahparadoxa ranged from 23 to

N e
25°C Zoospore formatlon and liberatlon also occurred from

f.-16° to 18°C though at a. Blower rate (Cotner 19309 The

: above 1nformatlon. together w1th péev1ous records of )
'*’,occurrence (Beverw13k 1948 »1n July, Coker 1923, predom—-“
1nantly 1n May) 1ndlcates that thlS 15 a warm weather }fﬁ

,.fj‘\ r} Prev;ous 1nvest1gators have recorded A oblongata 1n

February (Coker 1923) and from September to March (Forbes

1935) Although,thls epecles was recorded here 1n December.ﬂ\ﬂ"fﬂh

1t occurred with hlghest frequency wheq,the stream

.—.'-"' " N A S '." P e - Lo RN




T ~ S\ - RPN
} - . :
) | 108 - * - W -

. temperature was at 17 C '-‘_ L,

\ ' Thé absenoe of sexual organs in Sterile 1I when

‘ 1ncubated‘in sterlle, dlstilled water may- suggest that the

‘1ncubation temperature (13°Q) was outslde the range w1th1n Qr
whlch oogonla and antherldla'would be produced Sterlle II

-L 1solates seemed to prefer warm temperatures.x‘“fﬂgal,i _ .uf”\;z" N

The warm temperature SpeCIeS appeared W1th low

.
K !

L t‘frequency (below ten percent 1n any sample) It would seem -'Q‘g}ij};ﬁ

x fl;iilﬂ’f\f' that the temperature condltlons 1n Broadcove Rlver were not | BT
l:*' optlmal for max1ma1 mycellal growth and reproductlve'” ' -
L act1V1ty of these spec1es 'Thls observatlon ‘is corroborated

by the temperature ranges for abundant vegetative growth of

FE >f; S parasltlca (Powell et al 19?2) and Pr. paradoxa (Cotner }1

S

I

1930) The temperature range glven for the latter specaes

j.\was above the hlghest temperature reoorded in: BroachVe_@‘}“; ,;;n.:‘
. '_‘I.p"_( ’ . . woT . o A .?‘:/_‘. RN "

T Sterlle 1 occurred W1th maxlmum frequency in"ay -;';7'PU”.1}1

U g O
"q;_ : . - I(;_.
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"B Effect, of pH R : ' o o
The pH of Broadcove Rlv!r varled from a m;ndmum of‘
’ 5, 5 to 8. maxlmum of 6. 6 These values lie w1thin the range
_of slightly ac1d (5 3 to 6 8) and neutrally ac1d (5 2 o 5-
. ﬁ? 5) waters accordlng to Lund s cla881ficatlon (Luna 1934)

e R N

'ji'g,f.ﬁ SR :¢; Many'specles. because they occurred\ln most collect- -"'

ol J7{}flons, also occurred at a11 the pﬁ'ievels recorded Those'ﬁfijanbl 'f
\J*{i: E | :bspecles whlch were. recorded 1n the water when its pH was '!_ fj
‘jtf%' ltl”:“f?from 5 5 to 6 6 and W1th greatest frequency from water ;ﬂ f;
.}'1_:méasuring 6 2 were S australls and S ferax. Also _ :
;Eroccurrlng W1th1n thls pH range were Aph.-stellatus (most Sl
' 3abundant at pH 6 3) P, cyggsa and S. terrestris (most B
N R :f.;frequent at pH 5 5) _\s;ig*xﬂf""' 'i}fsu’ §

L E '-f. These specles W1th the exceptlon of S australls in'ff'[37¥ 
"Lhave been reported from varylng “DH. ranges by other 1nvest--

“ﬂ;lgators. S ferax has an optlmum pH for. growth bf 5 6 &Nolan
I

.C“

\'1976) It has been found in, s01ls of pH 4 9 to 6 0 (chk K
: 19337'and in waters from ? 0 tc 8 (Lund 1954 Perrott yei;sﬂ;r%..ﬁl
ftf;1960) Aph. stellatus has been found in waters from PH, 3 0 iff;aQV?.,f;

AUt fff,to 7:0 (Roberts 1963)° and from pH/? 0- to. 8, 5‘(Lund 1934)

x L C S B
T S P cxgosa, w1th @n optlmum pH of 6. 9. ior vegetatlve growth i oS
‘é 'Lf(Nolan and Lew1s 19?49 has been 1solated from soils of :

\g :&f ij:g' pH A, 2 to 6 0 (chk 1963) and 1n waters from pn 5 -
{E :"f';frﬁ V(ﬂoberts 1963) The pH of the water in whlch maxlm;"%

o N occurrence of S ferax and P cymosa Was observed d1d not Qg;j'fp,ﬁ'
' \ -:_' ~ uc -\‘\ .
b | gos
AR " o
.: ' ‘A

B

ST P S
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"and S parasxtlca when 1t was at 6 6

_'.@.Aph 1aevis had been previously found 1n waters w1th pH ﬁ 6
_ / .

HEEIT

i.correspond w1fh the optlmum pH for vegetatlve growth

g .
'TQ oblongata,- | caudata and Sterlle I were recorded

from ter with. pH 5 9 to 6 6 these spec1es belng 1solated

:3 w1th/éieatest frequency when ‘the pH was 5?6 6/2 and 6. 5,

respectlvely L eaudata grew very well from pH 3 O to 9 O

The recordlng

of L :caudata may, therefore, have b

formlng oogonla ai pH 5 0 %6 7 0 (Couch 1932)
n due in part to ‘the -
productlon of qogonla 1n the stream

e

1solated from waters w1th pH 5’0 to 7 2 (Roberts 1963)

oblongata has been:i

Records of Aphanomvcee sp (to Wthh g ”us Sterlle I 1s

h&;ii_j:.~d“

3thought toqgelong) have been optalne' from waters rang1ng

; L.
Yoe

.‘from pH 3.3 1o #o. 8 (Goldsmlth 1948)

/," . .l.-',‘--

The 1soia$10n of S dlcllna and S Dara51tlca from

Broadcove Rlver occurred when the water ranged from pH 6 2

to 6 6 S dlcllna was most abundant when the pH was at 6 2,

dRecords of S dlcllna ﬁi

have been obtalned from waters w1th’pH 3 5 to 7 ? (Lund
1934) and pH 7 o to 8 A (Perrott 1960) 2

>

e best mycellal

to 7 0

growth for S.,parasmtlca occured at pH 6
(Powell et al. 1972) '

L

Aph laevls was 1solated fromfthe water when 1t was

at pH 6 2 and 6 5, w1th greatest abundance at the former,gﬁbﬂ

. f.' -

%0, 7 6 (Roberts~1963) and/7 o to 8 5 (Lund 1934)

Some specmes whlch occurred 1n only one or two-V

i



"'"\__prevn.ously been reported to yleld such a- specles For example/

' 'S anleoera occurred when the water was at pH 6x2 chk

- ;'and Roberts (1963) had reported 1t from waters oi‘ pH 5 ‘0 and
6 2.- Pr. paradoxa. 1Solated from the semple collected when.
the stream was At 'pH 6 6 had '_prev1ously been recorded at .
o ‘pH 7 0 (Beverw:L,]k 1948) asterophora;: I/‘écorded when me | '.
"}_"pH of BroadcovekRJ.ver Was at 5 5 and— 6 6 Was found to occur Hormy i

“"‘m eo:Lls w1th a pH of 1ese than Lp F: (chk 1953) .' and ln

"'.~:'i‘actor as to whether a specles would be recorded It seems

L that other factors affected theblevel of actlv:Lty of the

: :(for example._ abundant nutrlents and reasonable temperature) /
then the spec:.es would 'be present as 1ong as" the pH wa.s'not :
prohlbltlve to metabollc actlvity and growth of the fung:,. .
L ‘:..:-'_'L‘he pH range of Broadcove Rlver was a narrow one and

e furthermore not extremely alkallne or acldlo.. It would,

?..'.."I_'_for the pH ra_nge of 5 5 to 6 6 lles well wn.thln the w:Lder

sa.mples were’ recorded from water w1th g pH that "had * _ L vy

|' "/

‘(1963) had recorded thls specn_es at ‘PH values of 0ver 6/0

/ RN

'waters ranglng :Erom pH 5 2 to 8 4 (Perrott‘ 1960)

The pH oi‘ Broadcove Rlver was not a determlnlng /

i ~

' "':fungl 1n the stream II‘ these other factors were favourable T

,'_?‘there:f:‘ore, not ‘oe :.nhlb:.tory to a.ny of the spec:l.es recorded,

-ia

‘_5'rangee m whn.ch these epecles had a’lready been reported 'to R
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oL ,sexual a_nd asexual

g oospores However, "‘1n the presence of abundant nu'trlen'ts a

12

..l
in allowmg the fungus to gcfthrough 'the var:.ous phases of

:x.'ts llfe cycle Though vegetatlve growth can occur over a

on occurs over a
v

narrower range, ag in the case of L.  caudata (Gouch 1932)

w:Lde pH range ' esexual and Bexual reproductl

. -

Germlnatlon of oospores is mhlblted by low pH _:Ln some _

specles of the Saprolegnlaceae such as aproleggla dellca

Coker (—- S dlcllna) a.nd S ferax (Z:Legler 191&8). A pH of..

'_“4 9 and 5 9 tended to have such an effect or u1:t‘ o
germlnatlon d:Ld occur, 'the zoospoi‘anglum normal]fy formed by .

- the germ tube (see F1g 1) was not produced In thls manner !

pH would affect the recordlng oi‘ a spe01es, for J.:t‘ germln- :

atlon of the oospore was J.nhlb:l.'ted there would be a

resultant decrease :m the potentlal actlvl't'y of the speCJ.es S

'4 so affected J.n the stream Hhen the p]-{ aga:Ln became/

favourable i‘or germ:matlon, the zoospox;ang:n.‘a wOuld be :E‘ormed,,.-_--*'

S
arid la_berate zoospores Whlch 1n turn would encys-t;, germlnate

-

ga.nd produce mycella Th:r.s hE1gl1tened actlvlty could then be .‘- "_,
plcked up - dur:n_ng sampling time by the 1nvest1gator.

I‘t; appears. therefore, that the pH of. the water/ :.n
Broadcove Rlver may affec-ﬁ the populatlon of aquatlc fungl /,;:‘_',' L
already presen‘l: by belng :f‘awyurable or l'mfavourable for '-t':'."'{."l' A

s S
reproductlon, and :Eor germma-tlon of thel

fungus thrlv:.ng on thls supply WOuld remaln vege"ca‘blve

) regardless of whe'l:her the p}{ of the water vias favoura‘ble
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' o
for se}':iial and/or _asexua_l i_f_eproducti.on. .'
4 g . | P
C Ei‘i‘ect of- nutrltlgnal and chemlcal factors of. ‘the Stream

B

B
'.Dhe monltorlng of elements and other chemlcal
parame‘ters of. Broadcove Rlver made it p0551'b1e to determ:me
if, and h’ow, ,env1ronmente.1 and geochemlcal actlv:x.tles :Ln the

I ‘area surround:mg the stream affected the fungal populatlon

-

present ‘I‘he productlon oi‘ sex organs/ in aquatlc fung:.-“‘hs

1stlcs can be varled by nlitri'tlonal changes (Kauffman 1908)

Therefore. the level of_elements and compounds AR the streamj '
.: / ‘e
may have been 1nfluent1a1 11’1 determln:mg whether the :f‘ungal

propagules present were mycel:.al sexual or asexual.
h

. - The fluctuatlon oi‘ the \1evq,l of trace elements

- ‘“;f'

H_ :Ln Broadcove Rlver was relateq to general weather condl't:lons

'throughout the yea_r The leVe,ls o:f hardness (calc:.um _
Lo carbonate), magneslum manganeﬁe and potas51um all reached

”"'a pealc :m March (although thms was not necessarlly the

‘ hlghest value recorded :Ln all collectlons) Slllcates and
1ron were also hlgh at th:l.s time Increaslng a1r ‘temperatures .
. _/}" 1‘.' N
together w:Lth the 'bhawing of the snow amd frozen so:Ll. and L

ahundan't raln :m the days prior to the March collectlon

o " . , /\-
combined to glve th:.s increase Durlng the winter a bulldup
a .

_ of trace elements (such a.s 21nc, copper, cad:nlum e_nd‘ o




level measured in the J.nl'tlal December/ sample) Because

recorded in March a.na the nunﬂ:er oi‘ *specles obta:med also
: 1\ncreased to ten (i‘rom three 1n January) ThlS 1ndlcates RN
'.that fungal act1v1ty m Broadcove Rlver had been stlmulated

b by the 1ncreased 1eve1 of mlcronutrlents. Nutrltlonal

i growth occurred 1n the abeence oi‘. or 1n the presence of

'?'-1nsui‘i‘1c1en amounts of calcmm z1nc. mangemese a.nd 1ron

¥ Bt

2

—- -

manganese) occurs in the frozén soll, and also in the snow /

as a result of ionic diflfusi.,oﬁ of.t‘}i'e'se.- metals.frci_m_ the soil
.(Jonasson and Allan ](\9/73) When the thaw-occurs. 't'hese-.o
metals and thelr assoca.ated anlons (b:.carbonates, _sulphates
‘and chlorldes, i‘or example) are i‘lushed into. the stream :

-(J’onasson and Allan 19?3) thereby 1ncreaslng the trace

'nutrlent content of the strea.m Calc:.um and zmc had also

' _" increased thelr concentratlons 1n March reachlﬂ‘g peaks 1n

kd ¢

o ';May (although zmc never 1ncreased to the orlginal hJ.gh

'-'Jonasson and Allan (19;3) reported “that the effects oi‘ the \

.v.,

s,_pmng run-off may pers:Lst i‘or several weeks, these hlgh May\:' SR

B '.--",levels were not 1ncon81stent w:.th the general/ trend.f» _ ‘

~,r
A secondary peak 1n the number of propagules was ’

4,

/

-'_1,_"exper1ments us:mg, Achlya -klebs,lana P:Leters showed that no o L

“J-.(Relscher 1951\2 Stelnberg (19’4»8) demonstrated t'he s
N

->'-"f1mporta.n€e of calc:.um as a mlcronutrn.ent 1n 'the mycellal | \.,'-
' "-':;‘:growth of Rhizoctonla g_olam K"uhn Reduced growth of the '
. / e

aquatlc phycomycete Catenarla angulllulae Sorokmn occurred

SRRCE N R
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L ,lzoospores (chk 1968) a.nd other res:.stant propagules such

~ 115

P
.

when iron, 2zinc,- calcium and magnes:Lum were omi-tted from the

medium (Nolan' 1970ay, These" resulj:s mdlcate that an 1ncrease

- in the level of mlcronu rients’ wo ld bve favourable for

'growth of aqua‘tlc fungi in the stream R N

o

It 1s pOSSlble that -the 1ncrease in the 1evel oi‘

mlcronutrlents also resulted ‘in t}e/ germlna'tlon of encysted

as gemmae. Spec:Les thus present 1n 'bhe stream 'throughout the '

'h

B

yDecember a.nd J‘anuary collectlons, ’but Wh:Lch were not “ e

recorded due to 1ack of vigorous act1v1ty (or growth) wOuld

Lt ‘r

. ,_-"be pJ.cked up on st:.mulatlon of germlnatlon and subsequent

growth The reappeara_nce or appearance of S australls,,.'_"

'. ::S ferax. S terrestrls and S'terlle I may be explamed by &

N - .

_'.'fbhe above. Some spec:les-. such as S eccentrmca, Sc. astero— o

_f_phora and .Aj)o. completa were recorded only m 't:he Marcﬁ

"'collectlon (and also in. the Septem’ber collect:.on 1n the

-..'case of Sc. asterophora) The ancrease :Ln -the level oi‘

~

S , -~
'mlcronutrlents may have been respons:.ble for thelr helght— :

E ened ac'tlv:Lty and subsequent reco‘very The max:Lma for
IS . ' .-A'. /
TRl "'P.. cymosa and S terrestrls attalned 1n thls collec 0]

L2

".',may also have been due 'l;o the above factors. - L

Sl

- "'_}A decrease 1n the level of hardness, magneslum 1rd’n, T

;-.-.‘-manganese, potass:.um a.nd slllgates J.n May, and a further N

decrease of the above togetherlﬂwith calc:.um and zinc levels

MR
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- in the. total number of fungal propagules observed during .

~w:Lth the only record of S anlsospora be:.ng obtalned in .

'.that collectlon. I‘t: has already been mentloned that

: _’-of zoospores had been observed :Ln cultures maln'talned 1n

'~-_;"»§'_»ld1s1;111ed wa‘tGr at 13°C

..~had 'bu:.lt up ,ln the so::.l over the precedlng dry PBI‘lOd
o (Jonasson a'nd Allan 1973) R '

-’increase 1n the level o;f:‘ mlcronutrlents d:.d not occur 1n o

. .
R A,
- o
3 : i
2 \', .
/J
- _\*”
-
v -

these “two months. Lack of abund nt rain over thn.s perlod
accounted for the decrease in the level of mlcronutrlents._ .

The number of 9pec1es, however rose to a maxlmum 1n July,

N,

"f lforma't:x.on of zoospore.ngla and oogonla,’as well as llberatlon W

S =T
& the. ‘t’émperature,.’-

It is poss:.'ble th‘.

#?:en-ts g S

reoorded in JU1y comblned to provlde condltions ‘eondu01ve -
B :E'or asexual and sexual reproductn.on Ain the stream.:.'_Many -'4.';'.-'_' oL T
Spec::.es mlght ‘thus have. 'been at @ peak Of I‘eproductlve . A

;~act1v1ty, a_;;d,so recorded as presen‘t even though the total

§ A o
- ,volume ‘of" the;Lr mycellal growth may have -been reduoed. _' N

The mlcronutrlent 1eve1 peaked agaln J.n September. K

and although the number of spe01es recorded remalned hlgh

"‘fthe total number of propagules was at 1ts lowest po:.n't for

--:the warm weather perlod The 1ncrease in mlcronutrlents was ,-.' i '

‘agaln due to raln water run o:ff wh:Lch carr1ed 1one that

BRI

T

An 1ncrease in - the number of speciee related -to the .

cat

.'Ji"vSeP'tember as 1t dld 1n March The perlod precedlng the March

-.l_.'7,.

.

\y v\‘(,:'l‘i’r 5

s




e B‘l’;udled seasonal pe )

oy

collectlon was one of cold ternperatures, "80 one wou-ld expect
that mau\ly specn.es would be present i?fibw numbers at a
J_evel too low to be recorded Although a temperature of
2.5% by 1'tse1f may ot have been enough to stlmulate 'the ‘

resmt,emt propagules ef those specles to: germmate and grow

vegetatlvely. the lncrease 1n m;cron‘dtrlents probably had

. i

w:Lth:m the ranges for good vegetatlve growth of most o:f the."'. L

) specles present The effect of an :mcrease 1n the ievel* of
nutrlente wouid not be as pronounced. as condltlons for
growth v;'er'e .already favourable, and peak act1v1ty had -
already been recorded for many specles However, ,the

1ncrease 1n numbers observed fer S paraﬁ:.-tlca, A. oblon-

g and Sterlle II together W1th the appearance of

) 'th.lB effect 'I.‘he per’lod precedlng the September collectlon,fff""

"-.-"'_.-S . um_spora,. Sc.- asterophora :1? paredoxa may have been B
I -

partly caused by the hlgher l_, of nutrlen‘ts.

rl

The decrea.se 1n num'b rs of the members of 'the
Seprelvegqlaceae whlch oc' rs dur:mg 'the warmest temperatures
has been reported by
.od1c1ty (for 1nstance Petersen 1910
Waterhouse 19’+2 chk a.nd Newby 1961 , Rober‘t:s 1963) I't may
be due to a n”“ber o:f reasons such as the followingn

Increased ab dance of other Sa.prophytlc aquatlc llfe

('bacter:l.a, fo:n example), . a.s well as 1ncree.sed mob:.llty'l . —“\

1' the 1nvest1gators lmown -to ha,ve

P R

o‘n the Other hand, was one of warmer temperatures whlch, 1ay.} e

L2

F" T

T
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of possibly living substrates, making it more difficult
for zoospores and other propagules to ‘become established;
- ‘the nature of - 'the growth present (sexual asexual or

,_vegetatlve); dorman/y perlods of 't:he oospores of the |

. - typel ob rved/by Perrott (1960) in the. aquatlc fungus

: "'Monoblepharls macandra (Lagerhelm) Woronln

- S There was ano-ther peak 1n the 1evel of traoe

e elements on 31 December 1976 but a‘*low wmure

'-"(1 5 C may have 1nh1b1ted luxurlant and abunda.n't: vegetat-

- '-1ve growth However.v- a. hlgher number Of propagules (91)

".'.'-was reéorded 1n thls 1ast collectlon 't:han in 'the f:l.rst
:'":collectlon (51), also w1th a low water temperature (1 5 C)
. :,-'_ T .,Thn_s hlgher nu}nber may have been related to the 1ncreased

_Ilevel of mloronutrlen'ts : o S |

. The levels of cadmlum and peeper were mos-t:ly below
0 01 mg/l : never rlsn,ng above thlS value Copper was not | | |
found 'to be St:l.mulatory or necessary fOI‘ gl‘owth in Achlxa'.~"'.-':.,.f ) , = | '
———klebs”ma (RelsCher 1951). so that the low level of ‘thlS ; v |
elemen‘b :Ln the strea.m was probably not deleterlous 't:o the

fungal populatlon. \,

_ In a study undertaken where the temperature of the"
) . ‘ . - "_"'.'" (
' .-fwater was more cons‘t:a.nt (varylng only 2 to 7 G) Alabl R

(1 971b) found ‘a d:.rect correlatlon between 'the num'ber o:t‘

e l_f'epeolee of the Saprolegnlaceae collected and the ‘botal :Lon L e ,

I

T r’.“‘"'."-;

. .~'-con'tent of 'the water Such a oJ.ear rela'tlonshlp was o

S '_l_ .
A 3
RO ) : T
. . e . .
‘g

—. . .

< [}
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difficult_tO’establish ina stream where the temperature

range was from 1.5° to 17°C, as many temperature related

)
. varlatlons p0581bly occur masking the effect of Ion’

:;fw1nter 1s "road salt" llberally used on the roads of thls

content.

' 2 Sodlum - "'_ co ”l R /'h;;ld» -i;‘

The prlmary source of thls element 1n the

Art;area- It was, therefore, hlghestgf% the w1nter (at the
:fu'abnormally hlgh level of 24 58 mg/l 1n the flrst collectlon)

En;A secondary peak was recorded 1n March attrlbutable to;lf';ff

f

*flushlng of the salt’ accumulated on the frozen ground, by

raln The level of sodlum fell over the next collectlons

'reachlng a low 1n September, then 1ncreased agaln at the~

e ——

".on—set of w1nter.; . ::;:.w ”"f Co f o B -

The pattern of fluctuatlon of the total number of f

.fpropagules followed that of the sodlum 1evel w1th

.7J?{-f7jf.ai

-stlmulatory to the growth of the fresh-water fungue

.001n01dent (but not equal) peaks 1n March and November.hzf*

.Sodlum chlorlde at low concentratlons was found to be

3C“ angullluzae (Nolan 1970b) and the marlne fungus

:;Dendrxphlella sallna Pugh (Jonee and Jennlngs 1965) Some

“spec1es of Saprolegnla (Such as S parasitlca) were shown

'5§:;to have a hlgh degree of tolerance to sallnlty (Harrlson
-Miwand Jones 1971) There may thus ‘have been some correlatlonA?7

."'1f~between the level of sodlum and fungal growth 1n the stremn

i g . “ . RS P
- ,_\- -, -, . B .o . Lt . S o s '1 A

o T e e
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The work of Jones and Jenn:'mgs (1965) showed that

sodium at hlgh concentratlons 1nh1b1ted the growth of

D. sallna but that the presence of calcmm magnesmm,

strontn.um and barlum removed thls 1nh1b1tlon Elghty tlmes
less. calclum than sodlum was ef:f:‘ect:.ve 1n thle respect., .

R It 13 possr‘ble that the 1ower number of :t‘ungal

' 24 58 mg Na/l) was 1n part due to aa sodlum-related

A hlgher number. of propagules was obtamed 1n the i‘lnal
'Deoember sample (5%, 8 354 mg Na/l) If the effects
: _of calc:Lum and magnesium as- noted by Jones and Jennlngs
-’4(1965) also apply to fresh—water fung:l. then the proportlonsx'
| = - of these two elements to sodlum m the laat sa.mple would ' -
e / have prevented an 1nh1b1t10n o:ﬁ‘ growth (by the sodlum) from o 5
b o occurrlng ' Ea \ o ' ' .,;

3. Phosphates JReeer T ' - :,'L:' E .7.'-_ 5

,’ ‘ ,;,"_ '.j A 'I‘he 1evel of tot/al phosphates :mcreased from
L December to March, ae dld the ‘total num'ber of propagules

and epeows There wae a decrease 1n May, mlrrored by a

. J.'_.,.'decrease m the num‘ber' of,‘ propagules an\d spec:les ahd a peak

' 1n July. ThlS peak co:.nc:.ded w::.th the ma.xlmum number o:f'
) specles, although :Erom thls po:.nt onwards the 1eve1 of

- _ -phosphates and the total number o:f‘ propagules dld not show

B any correlatn.on,fA drop 1n both the species number and .

g fpropagules recorded 1n the flrst oollectlon (1 5°C; '- C

"--1nh1b1t10n of vegetatlve growth of the aquat:.c fung:. present. o

ORI ¥ % %




-_}on 'the soluble phospha'te 1evel.'

Turlan 1 959)

-Ithe resulte of thls study Thls aspec‘t wae not stud:.ed, B

. L . ¢
- A . .
'_-.;.'.' ' - L RSP
l'-.' ‘
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phosphate level wag meaSured in September. A further drop
in the phe'sphate .1evel occurred -in. Now\rember‘, yet the number
of species remained the same’ a.l'rd the number of propagules
greatly increased. Perhaps a't this pomt the \1ncrease 1n
the prop/gule level of the stream was due to saprophytlc
actlvrt'y( and therei‘ore.' -the fungl would not be dependent

The :anrease 1n phosphate .

-'_.'"1n the final December collectlon dld not cause a rela't;ed

-'"more extreme temperature condltlon preval,en't a‘t that tlme,

-the a'b:.llty of the fungl to utlllze phospha'\;es was reduced

. . - ) \
Lb Nltrates and K;leldha.l mtrogen _ '

The representat:.ves of 't:he Saprolegm_ales

;have lost the ablllty to utillze n:Ltrate-N 'but ca:n use
' ammonlum—N foi‘ growth; the Leptoml‘cales on the other ha_nd.

' cannot use en.-l:her ‘of these mtrogen sources (cantlno a.nd

.‘that aquatlc fung:. could wﬂhdraw mtrogenous oompounds

K

from r:.ver water and mcorporate 'them 1nto proteln. _' L

The level of nltrate ehould not affect the presence

of the members of &he ?aprolegnlales a.nd Leptomltales, Ve
fi‘mless lndlrectly. Other aquatic inha'bltants whlch dJ.d -

g utlllze "l:he nltrates then served as a eource of nutrlen'ts

N

'-.-'for the Saprolegm.ales and,Leptomltalee would thus affe ct

Wllloughby and Re'dhead (1973) demonstrated :

increase in :f.‘ungaL act1v1ty. I‘t le possnble that W1th the

Ny
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. N

‘however, and cannot be discussed without adding undue -

»

'

spe culat:L on. _ .
When the number of propag;ules a.nd epec1ee peaked An
Ma.rch the nltrate level of the water ‘was. less than L e

O 002 mg N/l. The hlgheet recorded level occurred ln the

flrst cOllect:Lon (0 1:2 mg N/l when the number of propagulesf‘ | ,

was at 11:s 1oweet No“]correlatlon appea.red to ex:.s'l:

- ’, wo

\ . The level of ngldhal nitrogen (mtrogen from \ 'f," SERCY

a.mmonia., protelns, ammo ac:Lde and pep‘tldes) coin01ded 1n

: l'tS hlghest concentratlon w:.tlm the max:unumi occurrence of

. the Warm weather epeclee. The presence of nltrogen wae not

dlrectly reflected in the trende showh by the. number of L

- propagules specms,. or~1nd1v1dual speciee present ’ v
T s, Dlssolved oxygen .' LT :
' Broadcove R:Lver 15 a cascad:.ng stream of

"-shallo;v. rapldly flowmg water, and J.S therefore, N

c°nsta,ntly belng aerated. Members of the Saprolegnlales . .

grow best 1n shaken cultures ind:.cat:mg tha.t they ‘are:
2 hlghly aeroblc (Powell et al 1972 Nolan a.nd Lew:Ls 1974)
Format:.on a.nd 1iberatlon o:t‘ zoospores occur tw:.ce as fast
, . '1n aerated culturee ae in non-.aerated cultures/(dotner

1930) ‘I‘he etream s'tudied prov:Lded an ;1deal hab:.ta.'t.- ,for

these fungJ. as far a8 the: availa.b:.llty bf- oxygen was Ly

,J_‘_‘ e ) !

T concemed"h . ,“ _"'. e A' N . .' }- "'u o = . , . ,"

.

R e I

A dlrect rela:tlonshlp can be seen between 'the a\mount




ig®

- than, at hlgh tenrperatures. so . that the least\ volume of

Ediesolved oxygen,"6’§ ml/l was recorded at 1? C In : 3

:_contraet 9 8“m1/1 were recorded when the water was at

. »
.. - - . s O

R <. . A ° 1 23 R L R : s " : . T

” R Cy . . PN . DI 8 o

° ’ oL Te

df' di-eeolved oxyge'n and the temperatu}‘e of the water. At

1ow temperatures morti oxygen wae dlssolved per umt volume . '

. The decreaee in the ampunt o:t' dissolved oxyge:,[. RN

tcmnc;ded w:x.th the iecreaee :Ln fungeﬂ. propagules obee)g.'ed .

: - from March to September. 'l‘hls may 1nd1cate a relatlonshlp

o . between the Jevel of dlseolved oxygen and the fungal _ ' \

- 'f_.'actlv‘lty 1n the' S'otream At colder temperatures, when the \

- " _'lessolved oxygen was -h:.ghest. the coi'relatlon wae no ' y ’ -
Lo o longer observed. Presumably. -’it is the. l:x.m:.tlng (or most Lt
: ; .."" fl’extreme) envlronmental condltlon whlch has the most effect
| . i -"on the fungal popu‘la.tlon‘
\\ . 'l’he .:fluctu.atlon of 8pecn.e:nnnber a.nd occurrence of .
::;"; - f:.ndlvn.dual specles could not be dlrectly correlated w:.th ,A '
~ "':the amount’ oi Oxyg%n present 1n the water. The .sold

SR "'.weather epec1ee enjoyed the inoet dissolve@oxygen. A clear . L A '
"-relatlonshlp between dlssolved oxygen and number of specLP.B\__

L

- cou:Ld not be, established by A,,labl (1 971b) either. so that ﬁ’" e

;o ) o _’f:\.t would seem that on ‘a. \1ocal basls factore other than the - ,? :
? S - amount o:t‘ d:.eeolved oxygen detem:me the spec:.ee populat:.on '
:;'“ - o." e O I ’
.:; .- u,of At etrea.m However,' 1f streame of d:.ff‘erent oxygen :
{‘,Jf‘ 1_,{_ . < v '-." . LT Lo
- I cdhtent were epmpled, ”axb ei‘fect.mlght be noted For o

U

—_——l e e



: \,/' temperatures, ylelded from three to thlrteen specles..g}

’lf (from one to slx) whlch may have been due in: part to the

TR, - _ll',_"-' i~ =TTy — - . ; it T . IR L ——— N ST T ST i -
MOV et LR 7
TRy u-:.'_(
N : i .
- . N .
o, - i R - —

Cer o i-.24.: -:ﬁf L |
example. Alabl (1971b) dld record a low number of spec1es,_' o
7. s e

low level of dlssolved oxygen present in, the waters he
studled (ma;nly from 2 0 to 6 0 ml/l) /ThlS low oxygen
content may 1n turn have been due: to the hlgh,temperatures L?;:J?_l
of the streams he sampled (from 240 to 3300) Broadcove —

Rlver w1th a hlgher amount odelssolved oxygen and lower ;'h] o

i

Pa ‘ 6 Suip‘l‘ilde . P
B ' The level of sulphlde was found to be

s

,-a':.-' : L
.

O 005 mgﬂS/l or: less 1n all samples except the November and

——l : ;. . e

'i.flnal December samples,»when 1t 1ncreasen to O 1§\and7

70'008 mg S/l .respectlvely

’ i:fThe”lnerease ln-November 001n01ded w1th the max1mum

.\ﬁ

.'LA,l occurrence of the total number of propagules, and the

- B '\\— . v

maxlmum occurrence of Sterlle I However, 82 5% of the ;j ;Z[- . C

- these accpunted/for the high number/of propagules..The fz/?f?l

seCpndaré peak for Sterlle I 1solates occdgred 1n May; when /

November cqllectlon was made‘up of Sterlle I ls°late5'-59':r'l“li¥di.—f'




-{f, a.better correlatlon can be observed A decrease 1n the!" . b

-

present whlch can be chemlcally oxldlzed The level

recordedofor chemlcal oxid”tlon demand 1s hlgher thangxhe

LSS

levefoT‘blologlcally degradable organlc matter.

';=; .“ Alabl (1971b) observed a dlrect relationshlp between

i

o &%ﬁWQaccurrence of fungl and tz: organlc content of the : o v

water. The same could not be 8 1d for thls study, as the.~

b

three hlghest values (occurrlng 1n May, September and _ B a2 2

December) were not‘colnc1dental w1th a correspondlng

al 966500
e

’4(3-

- ,

1ncr;§§b 1n fungal act1v1ty The 1nclu31on of small organlc .H”E‘
- particles ‘in: the water sample (as noted 1ﬁ’the flnal '-Q”;_f' ;l,}"fi
December collectlon) may have caused these hlgh values,- s L

l—'.

Whlch wculd not reflect the actual amount of suspended

organlc content'of the water. These organlc partlcles were ". _fﬂ--:n

N

;'probably the r, ult of dlsturblng the bottom mud at the

tlme of collectlon. rf';f}:,;5ir.' m;ﬁz;.-g g}f&'f“.ﬂfz'ﬁ;,t .

o - 0 . P

If the three abnormally hlgh values are dlsregarded,

Lo

‘ carbon content occurred from December, 1975, to July,,1976
i The decrease was probably dae to\a lack of abundant anlmal '. ;f'ﬁ'/;~

and plant 11fe durlng the cold months. The number of fungal h".
A“jpropagules also fellxzrom March tc September. 1nd1cat1ng Tfi~m;i,4iff7f

a possible relatlon betWeen the carbon content and number o
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i: L ' . (macro-organic referring to large eoUrcea‘ofbfood such ag
'living and dead insects{ nematodes; fish?and:insect exuviae)
P " was not recorded at the time of’collectron Yet at any
fi o .- given tlme, the number of isolates obtalned may have

1nc1uded spec1es whlch were grow1ng saprophytlcally or’

! z‘\ ) para81t1cally on these 1arger food sources.

Insect exuv1ae are colonlzed by Aphahomyges, Le : L <

S prolegnla,'Achlva and LeptoIegnla epec1es (chk 1970) }”«_-‘ ',f_};f

wn a;f;ﬁ_' ~;j} Informatlon on the abundance of these and 51m11ar substrates

5,

present—would have helped to explaln the occurrence of e

g :’-_f,‘

Z{Aof fungal propagules 1n March a gradual deérease from“May

[ s

to September and a sharp 1ncrease in . November (see F1g 11)"'..*{f§”7

Each specles had an 1nd1V1dual fluctuatlon'pattern. however. g’

. - L
w;;-he isolates fell 1nto three groupe w1th respect to the

tlme of year at whlch they were recorded and at‘Whlch eiffn',fpf;ﬁ.

joccurred These were the w1nter

thelr h;gheet number'

'fmedlate temperature species group (L. audatﬁﬂ for-~

1nstance) and the warm temperature BP601es groupr(;uch asiu'*

.i'...'._.._ o

’ f#AS 'parasltlca)
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peak in'November and lows in the winter months, and in July;
‘ember w1th dormaricy perlods in July and from December to

;xmaklng up.‘a. small’ percentage of the total 1solates for ..'"
7',that dag) These spe01es could not be sald to- show any s
':,jseasonal trend other than that they were recorded from ““:figj}téi"?:“fl
tifthe water’ when abundant raln was falllng The speC1es 1n _-;;fﬁ}{fff
ﬂti:questlon were S eccenfrlca. Sc asterophora and Ap;.f;itzﬁle;}aiﬁ”y
g ompleta 1n March (2 5 cm of raln); S anlsospora 1n July S
'#:f(o 178 cm of raln), Sc. asterophora, ER unlspi__ and L

'i':fPr. paradoxa in. September (4 3 cm of raln) These Spe01es.li

At‘ wereyplcked up presumabiy because thelr germlnatlon and '
‘n';fgrowth 1ncreased to the p01nt where they were recordable by
l.{ri'the method used There are tWO factors, both related/to
“ﬁt}{_ralnfall whlch may have 1ncreased the presence of these

T;spe01es 1n the stream. One,.already dlscussed deals w1th

‘“ff:the resultant 1ncrease 1n the 1evel of mlcronutrlents
:'f.p”stlmulatlng the germlnatlon of restlng propagules alrdady
.:\_:present-ln the stream The other has to do W1th the ggﬂw-'

F'vafrestlng propagules present 1n the surroundlng SOll belng

recorded 1n the soil (chk and. Newby 1961 Dick 196%

127

It is’ p0831ble that the recordlng of tM&s 1solate was
related to oospore germlnatlon in May, September and Nov-

-

M}rch (See Perrott 1960) .- o .- - . o

'l

Some specles occurred in only one or two collectlons,

.'~_
]

27

/

'{'fywashed 1nto the water. All these spec1es have been 'fﬂ':;fpflfiﬁﬁitFAH




S _:-snow and 1ce in small patches.

’
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-

Seymour’ 19?0).- In studies invo’lving the sampling of water,

,S'eproleg';nia (= Scollolegpla chk) asterophora has been

reported as. bemg an uncommon spec}es (Coker 1923, ,
Beverwi jk 1911-8), as in .the present study. chk (1962),
'however, commonly‘recorded it from damp 8o0ils,

ch 1968) stated that restlng propaguies were

| .'responmble for almost a:l,l the 1solat10ns bf aquatlc fungl

| -‘from the 3011 These propagules were present as a result" e

_.'3of brlef perlods of act“:.vlty correlated w::.th favourable

.,f'condlt:l.ons.v In our case th:Ls mlght be the warmlng up of [

- the s011 on a sunny, w1nter day. w1th the melt:mg of the

"'_.I‘alnS w:Lll Wash these pr,opaguies 1nto the ”stream, where ,J )

. cR -
_adequate aera—t:.on and a h:l.gh level of mlcronutrlents w1ll

1~f'.‘st1mulate germ:.nat:x.on. ThlS mJ.ght aflso account for the hlgh

'frequency Of S terrestrls 1n the Sprlng } .""7‘- o

i~

‘l‘he data obtalned 1ﬁd:|.cates PI‘OPagules washed from/ S

".'-:the so:Ll by ral‘n may have been the sourbe of spec:.es

e HE
I S
rey

W

k _'.:z‘écorded only occas:Lonally 1n Broadcove R::.ver. f‘urther
. :. ( =
support for thls l:.es 1n the fact that these specws were

. 'not recorded 1n subsequent collectlons unless, as J.n the

K

~case of Sc. asterjhora heavy ralns occurred Hhether : :_'

these occaslonal S'pec:l.es were/ already present 1n__the/ stream TR

“
cr whether they were washed in: from the SOll cannotrbe

..:'It seems not unllkely 'hha.t/I e

Ty
L




'déﬁf'"'fifiﬁ entered the oogonlum through 1ts plts (Flg.v18 19, 20)

129 . 4. - ,

N

E. First records of occurrence for Newfoundland }
A The ma;orlty of the spec1es 1solated in- thls study
' were new reoordSﬂfor Newfoundland as exten51ve sampllng
for® aquatic. fungl had'not been qarrled out in this area. ‘ T
3 ];H;; - As 1s 6 be expected of spec;es found in a new: locatlon,;
| some varled 1n minor detall from already publlshedﬂﬂs--, I

descrlptlons (see Appendix D) EN

S monlllfera 1solates showed a hlgh 1n01dence of

paras1tlsm by arnon septate hypha, whlch atmtlmes-appeared

-

S monlllfera were destroyed by thls para51t1c hypha. Whlch

'f}ﬁ‘ hlghly para31t1zed 1solates, the oospheres dld not develop
e Lnto oospores w1th typlcal subcentrlo and centrlc 011
droplets but rather remalned dark and granular (Flg._i?)

a3 t

Coker (1923) also mentioned thls phenomenon.lljfﬂ.-f-f‘

_‘L.__.“‘__\

eregularly shaped (Flg 31..32) Coker (1923) stated that

oogonlum before the paplllae are formed Although many
e e
[::/' preV1ous 1nzg§§;gators have descrlbed the oospore of

Aph tellatus as belng eccentrlc (Coker 1923, Nagal 1931,-_:

Scot’t 1961) the Newfoundland 1801a1;es clearly had
subcentrlc type I and II oospores chk (1971) also

”;ﬁi“f_?ﬂ The oogon1a1 Wall of Aph stellatus d1d not alwaysﬂﬁgﬂ{‘ﬁ.ﬁv

have bluntly conical tubercules, but was sometlmes f;fdgld“?.f'.ifﬂ“

anhherldlal branches may be formed early. reachlng the iig‘ﬁaffx"“'“

:,1gﬂfﬁfl-“-ﬁto orlglnate from the oogonlal stalk The oospores of {;E;ﬁ5:fﬁf%:f

-"»"5(::1‘:‘" AR T T
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' (Flg 42) \Scb't't (1961) described the growth of Aphanomus

.:'”?ﬁ‘llttle or no aer1al development";,Comparlson of the hyphae

e observed (Flg 39, 40)

'._length (Flg 51 52 53) Howard et al (19?0) reduced ‘j S ;'ﬁ :Fﬁ
afthe two specles to synonymy under Aph scaber ﬁi'_f; i{;:fhlﬁ '

pto belong to the genus Aphanomyces The growth of these
*f~edges of the colonles advanced 1n p01nted formatlon />fifnggfﬂfﬁfd Vﬁi

ﬂ;spec1es on agar media as "sparse, arachn01d growth w1th s"_ﬁ

53..54) shows a resemblance, both belng rather thln,

zl.and hyphal knots (F1g 38)~were often observed These ;[}'

) /hyphal knots have been observed 1n Aph laev1s (Howard
) /_. i

e \ i 3 R
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reported subcentrlc oospores in thls spe01es. _
' Aph. scaber was found to have characterlstlcs of h :- . %;
both Aphanomvces 1rregulare*866tt‘and Aph. scaber The‘;' ;
Newfoundland 1solates had smooth to 1rregular walls (Flg
52, 53, 54) w1th a 31ngle papllla or tubercule of varylng SO

The 1solates classed under Sterlle I were belleved

'gﬁisolates on agar was submerged Wlth no aer1a1 growth the~';;/fjds.f¥

/

/

o£\$ter11e I (Flg. 35) W1th that of Aph scaber (Flg. 52

vaeuolate and/much branched Hyphal 001llng (Flg. 36 37)

et al 1970) Structures belleved to be gemmae were also

' r,::e_ff‘"’x}"‘:' 3
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CONCLUSIONS _ A
\ : . : A
The fluctuatdbn in the number of propagules and ’
spe01es recorded- 1nd1cated the level of fungal activity -
. 1n Broadcove River. . _ |
. A temperature of 1 § ‘C seemed 1nh1b1tory to thls
5 R ‘ f; aCthlty, a low number of spe01es and propagules belng

[

Jf;tcorrelatlon between the number of fungal 1solates’§nd the

n*_:_establlshed.

obtalned at thls temperature. At warmer temperatures,-l&-;

growth and reproductlve act1v1ty Were not 1nh1b1ted but

Il

were lnfluenced by other factors as well A d1rect

temperature of the stream could therefore, not be
S e ” S W,

4I‘he secondary Sprlatxg maxlmmn 1n both the number of

.

propagules and spec1es was posslbly the result of

(1) 1ncreased level of-mlcronutrlents maklng the stream

S

by raln and meltlng snow of the restlng propagules of
aquatlc fungl present 1n the surroundlng sq1l These would RS

also be 1nduced to germlnate 1n the aerated water .

-

contalnlng a hlgh mlcronutrlent level o
' The number of propagules decreased after'March

reachlng a low 1n September, Thle could be correlated W1th
a general fall 1n the 1evel of mlcronutrlents, carbon ;a

S

oontent sodlum and dissolved oxygen,ln the Water;'The,f;ffﬁ??~"

decrease 1n the level of micronutrlents resulted from a

L »« "

»
favourable for germlnatlon and growth,_(z) a Washlng 1n ;,5"a;i.l,"
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reduced -influx of tradce elements and other'compounds due -
. to decreaaed rainfall; reduced carben content was perhaps )
due +to lack of organlo input durlng 4he’ cold weathen
17 . ‘ ‘ dissolved oxygen fell in relatrén to the warmlng up of the'
water. | | wo
L e “The spe01es number was hlghest in July, September ‘
o ::ift.hand November.-The peak 1n July was aﬂ%rlbuted to the temp- 3'Q; :f'éfk
- i | ﬁerature of the stream whlch was favourable fOr asexual el dfjf
}; iﬁffi .‘f;:fand sexual reproductaon..Thls temperature, together w1th ’,l;
B S “'ff}the low level of mlcronutrrents present at the tlme, may | :
J\ C :havewcaused the mycella‘of the spe01es present to produce:?';in":.' h
i; ~,19:!;ﬁfh{;‘Jf;‘,zoosporangla,.zoosporea and oogonla. dl-UFF;;g_ﬁfiﬂ::ﬁ'p' ,"% ’{ff:ip
L?. Lfl '“;.;?\' :;:;;“ September ralns, w1th the resultant rlse in maoro—f Ei.
f JQ:':'_gif:f.ga ~.-nutrlents,‘dld not brlng about the 1ncrease observed~an the gt'
. | fsprlng under s1m11ar condltlons. It 1s thought that .
:Rf ”-ffact1v1ty was already at a maxlmum due to the favourable.umfﬂtd
' S ’ "itemperature ‘so that a notlceable 1ncrease could not be k

e obServed However, the presence of %ome spe01es reoordedi
7Qifff*:ﬂﬁ7?“only when abundant raln fell 1nd1cated that an 1nf1ux of -
'f~ﬂ901l rt81dents and stlmulatlon of germlnatlon and growthfﬁ.iﬂ"-5 ”

H3~“J1_Jx_jmay h've occurred.ln'

Although most Bpeoles decreased in frequenoy by

‘ "fNove)ber, a- large number of Sterlle I -or _phanomyces, g?: i;f{~3ﬂf,:

-infiieglsolates gave a(total rlse in propagules. ThlS genus 13 ﬂ'”

ﬁ;tknown to flourlsh on llving and dead 1nsects and thelr
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sttt ' discarded exuviae. Perhaps the abundance of these substrates

had increased in November,“with the lower temperature

becoming unfavourable for other Saprolégnia species.

The increase in the'micronutrient level in the

v

‘ - flnal December Bample dld not reSult in'an increase of

”{.belleved to. have been 1nh1b1tory for thlS.

Y - _
The amount of dlSSOlved oxygen 1n the stream d1d

*ﬂ'of spec;es

‘kﬁdlssolved oxygen generally present 1n a stream throughout

“l-supported in that aquatlc system.
The pH of the stream was 1mportaﬁt malnly in that

;1t was not too extreme to Iﬂhlblt the growth of aquatlc

“fungl..Its fluctuatlon may have been a, determlnlng factor ;{*f

. on the nature of the propagules collected (whether eexual,
' fasexual or vegetatlve) " '

\The speclee obtalned fell 1nto three groups:

-

’

S : (’
:jw;fh.,g,u;:Thus. the saprophytlc fungl. an 1mportant part of any

‘*fjh-:“j"fecosystem.'were present throughout the year

“;'. - o fungal act1V1ty The low temperature of the stream was »j\{
t,t,fnot show a direct effect on the fluctuatlon in the number f’f
}It 13 possrb;g,jhat_the total amount of ;fﬁf¥+ﬁ?v

':the year may 1nfluence the number of speoles whlch can be wl

'»w1nter, 1ntermed1ate temperature and warm weather apec;es. A

Y

ToRb
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COMPARISON OF THE CHARACTERS OF THE NENFOUNDLAND ISOLATES~WITH PREVIOUS DESCRIPTIQNS

«af

b ey
B it

Isolate

‘*J_and charactérs s

'iAufhbré”f

. Newfoundiand isolates
N . ‘...- .-‘::_" o : .

S anismép;ra

,;g;~37 Oogonla L
y:&-:. Size (diam)
Oospore L
oL -Size” (dxam)
! xNumber/bogonlum
T Pe

f branch orlgln

renewal

S australlsf“"*

Oo onia
N ize -
m;ﬂWa}l,'W

"fSeymour (19?0)

.:f{5(16
L)

Antheridlal ;-fi3;

Z“Elllott (1968)

f;’(us )60 so(— 10
yHPitted l )

e 46-60(- 87)

18-24(: 34) "‘5f}f¢~:'ﬁ-
&t6(—11> ;-i ';i{ff;

'-ﬂ.Dic;inoﬁs.r.fj~s;r‘;:f B

R ;wﬂ,Sporangial _ff-ﬁéff' L - o
o i ',n§Interna1 prollferatlon -

Padgett (1976)

)\"'

L

::1hf3:f(21 )26(-29)

-;j<35+>59;74(;9¢5;;2;;_w

'-(és-fsgc;aé)

SRR IS Y Y 11)

‘Eccentrlc
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