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Peterson,  R. H. 1878. Physical cha rac te r i s t i c s  of Atlantic salr:ron s2awning gravel i n  some New 
Brunswick streams. Fish, Mzr, Serv. Tech. Re{). 385, :v  + 28 pa 

Gravel cofirposi~ion and perr;reabi l  i ty were iireasured in actual and potenti a1 salmon 
spawning habi ta ts  in 7 W, B, strear;~s- P a r t ~ c u i a r  eiiiphasis was placed on the St .  Groix River, 
Typical p a r t i c l e  s i ze  d i s t r ibu t ion  of spawning gravel ( f o r  a 15-c:n core sarnp?e) was: cobble (22.2- 
256 mmj, 90-60%; pebb ie (2-2-22.2 nm), 40-50';;; coarse sdnd (0.5-2.2 iniii), 10-15%; f ine  sat-icl (0-06-0,: 
mnj, "33%. Gravel was s t r a t i f i e d  w i t h  more f ine  inateria! in the deeper sediments. Perrlieabil i t i e s  
were usually <2i)ilU cnijhr with sorrie Liaweig River and Iligdeguash 2iver gravels averaging >5000 cin/hr, 
Pern~eabi i i ty  was weakly correlated w i t h  aiaoiint of sand i n  the yrdvei ( r  = 0.6). 

S t .  Croix R i w r  gravels vdere found to he of higher peri:re;bility and lower sand content 
n ihe !,!ore downstream sttidy areas.  Pcrccrrt a i  f ry  einercjence froi ,~ eggs jtlanted iri various gravel 
bars -in the S t ,  Croix varied froin 0 t o  4%. iio ei;lergence was obtained i n  gravel with mean 
perineabi 1 ;  ty ds low as 600 ctnihr. 

Key words: A t !  artt?c sali;lon, peril-eabi l i ty,  eilergence, sdnd, Nev+ Brunswick, 3l;rearns 

Petersoti, R. h.  1578. Pnyslcal cha i -ac te r i s t~cs  o' ktlan:lc sairrot? spawnirig gravel 1 n  soiie Piew 
Briinswicic streailrs. 61sh. f4ar. Serv. Tech, Rep. 785, I :  + 23 

hous avons inesur6 la composltlon ex l a  jier~iGabillt6 du yrav12r de frayt3t-es 5 saurlons de 
f a i t  ou evenll-elles dans 7 cours d%zu du Nouvtia~-3ruiisw1ck, en iietiant pr~ncipale i~enl ,  3 "ccent sur  
l a  r?di.&-e St+Crolx, Lz ijranuiomiizrie typiqiie dri gravier s ' y  p r i i s en ta~ t  coiline s ~ ~ t :  g a l e t s  22,2 
2 256 mm), 40 5 GO%, c a ~ l l o u x  ( 2 , 2  2 22,2  i m ~ ) ,  40 5 SO'!, sable gross ler  (0,s 2 2,? ri8ij, 10 2 i5,,, 
sable  F l n  (0,Oo i 0 , s  i i r 7 l ] ,  0 5 3%- Les couches plus proiondos du gravler coinriortaien?. aussl des 
s t r a t e s  de ~Eai ioei~ts  ~ l u s  f ~ n s .  La pennGdbi l 1 t 6  G t a ~ t  kabi tuel lerrent lie nol ris de 2000 c7. h - 1 ,  
n~a"is cer ta ins  ~ l a n c s  des r~v iGres  tdawelg e t  D l  gdeguash ovalent m e  ~e r - i c i ab~  1 I t 6  superr pure 2 5000 
cgn.ii-l. On 4 dkterrmng une f d : ~ i e  corrG1atlorr en t r e  l a  teneur en szuie d,i y r a t i e r  e t s a  
periircabil~tG ( r  = i ) ,5) ,  

Sur la r iv i e re  Ste-Ci-olx, 1es ba'lcs de grdv-ier de nus s ta t ions  sltliges les ~ l u s  erl aval 
a v a l e i t  une plus yrande peniiGabiilt6 e t  une tenelir en sable $us f a l b i c ,  i-e pLilirLeptaTje d'flclos-ion 
a ' oeuf s  deposks sur d: ie rs  bancs de y r a i l e r  de la r l v ~ l r e  S k - C r o ~ x  va r l a j t  O 2 4;. 4ucune Gclcslon 
n ' a  kt6 observ6e sdr des oancs de gradier 2 f a ib ie  ~ ,ern~Gah~?i tG noyenfie de 500 ci7.h-l. 

Moxs c les :  baiinion a t l a n t ~ q u e ,  ber!~ifldo~l I t 6 ,  i ?c ios~on ,  sable ,  Nouveau-Srunsw~ck, cours d % a ~ .  



i n c r e a s e d  s l i t a t i o n  of s t r e a m  beds  may 
occur throbgh a1 t a ra t r an  of strearnslde h a b i t a t ,  
as 10  logging, road-butldlng,  and a g r l c u i t u r a l  
prac t~ ces (Cordow aid Kel l ey l961; Saunders and 
Srn-ith 1965). T b c  d e i e t e r ~ o u s  e f f e c t s  cF 
l n c r e a s e a  a c c u m ~  I a t ~ o n  of f ~ n e  s e d i m e n t s  I n  
gravel s  u t ~  1 I zed by spawn1 ng  salwo.1 ds have been 
documented riany ti,n;es, p a r t ~ c u l  a r l y  f c r  West 
Coast s t r e m s  ishaw ano Maga 1943; Sbapovalov 
1937; noobs  1 9 3 i i =  L i t t l e  I n f o r r n a t ~ o n  1 s  
a v a ~ l a b  e on t h e  o b y s ~ c a i  c h a r a c t e r l s t 1 c s  of 
gravels  I? New Brunsk~ck (N.3.1 salmon spawn1 ng  
area5,  

T h e   main stem of t h e  S t .  C r o i x  R i v e r ,  
f o r i ~ ~ i n g  pdrt of the i-iaine-S -8, boundary, f lows 
i n t o  Passamdquorldy Bay-Gul f  of Ica ine .  The 
e r e c t i o n  o i  saw;nil 'i  s ,  p u l p  and p i lpe r ,  acid 
:exti le rnr i i  s ,  and rydroelec t r ic  dams served to 
el  irninate stocks st anazronious A t l a n t i c  salmon 
from the S L  Ci;.-iiix 50-1513 y r  aoc w i  t i ]  t h e  l a s t  
f j s h  d i s a p p ~ a r i n g  i n  the 1920's (iMcCabe 1975). 

2 n  1 9 7 4 ,  j n t e r c s t  i n  r e - e s t a b l i s h i n g  
anddrcr,rous Atjantic saiiilor; i n  t he  main stem o f  
the S t .  Croix g i v e r  was gene ra ted  by t h e  U.S .  
Fi sh and Nil 61 i f e  Service,  North American Salmon 
Research Cen te r ,  a r o  Canadlan F i s h e r i e s  a n a  
f4arfrie Service,  coincider t  riiti; poilutian abate- 
nrent proposal s  and cessa t ion of s t r e a n - d r i v i  n g  
o f  p u i  p wood. 

As a r e su l t  of the reneweti i n t e r e s t  in the  
S t ,  Croix River, i t  was decided to survey some 
of  the  physical c h a r a c t e r i s t i c s  of ac tua l  and 
p o t e n t i a l  spawnins  a r e a s  i n  s e v e r a l  New 
Brunsw~ck streams, placing p a r t i c u l a r  emphasis 
on t h e  i t .  Cro1x.  S p e c i f i c a l l y ,  g r a v e l  
pe rmedo i  1 i l y ,  y r d v e i  coniposi t i o n  and f r y  
enrergence success were exdiiii ned. 

TOPOGRAPHY ACD 'JEOLOLlCAL HXiORY OF 
SO!TWWESTEE?N N, 13. -57 REAFiS 

All of the streairis s t i i d ~ e d ,  excep t  t h e  N .  
l,r- MI rsr l lci l~ and Tonogonops rivers, f i  ow tqruugn 
ssuti~wes'kern N, 8. ~ n t o  Passaiiiaquodriy day o r  the 
l3dy of F ~ n d y  (Map 1 ) .  S o u t h w e s t e r n  d ,  6. 
cons l s t s  of  a  p i a l n  ~f low r e l l e f ,  ~ o u n d e d  oy 
",do arms o f t the  granit-ic 14, b. bl~ghlands systeri  
iGaad 1371). The n o r t h e r n  a r T  ! A ,  Hap L )  
e x t e n d s  I P  a  r ) o r t n e a s t e r l y  o l r e c t l a n  from 
Vanceboro a t  the ila~ne-N. 9, border to  the Sa-int 
John River w a r  5 0 ~ 1 t h  Haripton, T?e southern arri 
i ~ ,  Hap 2) rdns eas t -nor theas t  froin j u s t  south 
ot- 5 t .  Stepnen, through the Chaiiicuok a r  3 ~ 1 ~ d l ) e ~  
area I I ?  tne v lc ln l ty  of iake J top la ,  oass ipq  to  
the  nort.1 of Pennfleld coas ta l  p; a ?  n .  The Ldo 
arsis of the  n lghland system converge I n  t 7 e  
v?c?n-ity of i:t. uiashlrlgtori, iss. 

T h e  rieadwatcps ot- t1.e two l a r  j e s  t s t r i a a s  
of the  area ( S t .  C r o ~ x  and Magaguaaav-ic) a r l s e  
from lake systeerr I l y ~ n g  I n  t h e  nor thern  arm of 
the  highlands. The D~gdeyuash R I  ver  a r a l  nage 
a l s o  a r l s e s  on t h e  s o u t h e r r  f ' a n k  of t h e s e  

- - 
n~gh lands ,  out wti i  no notable lake systein. The 
liagaguadavlc and Ciigdeyuash r v e r s  flow i n  a 
south-southeasterly ci; rectlon across the  p l  a3 n , 
then throbgn passages t h r o u g h  t n e  s o u t h e r n  
h~ghiand arm, 

Dennis S t r t an  aiio Uawe1.j R.iver a r i s e  i n  the 
lower nal f of the p i a ~ n  and d r a ~ n  i n t o  a comqon 
es tua ry  ~ 7 t h  t h e  S t ,  Groix, r i ~ v e r  e a s t  of S t ,  
S tephen,  T t ~ e  S t .  G r o l x  f l o w s  oetween t h e  
eastern F l a n k  of the northern highland ariil and 
an extensive system 3 t  drum] i n s  (hence  Scotch 
+.I d g e ,  Basswoou RI age,  e t c  . ) d e p o s ~  t e a  by the  
recessiofi of tile !nost recent  y l  a c l a t ~ o n ,  u n t l l  
~t reacnes the nor thern  f l ank  ot  the  s o ~ t h e r n  
h - t g n l a r d  arm,  I t  f l o w s  s o t t h  a l o n g  t h ?  s  
nortnepn f l a n k 9  then forms an estuary I n  a gorge 
p a s s ~ n g  t h r o u g h  t h e  h ~ g h l a n d s .  T h e s e  
southcest2t-o M ,  B, s t reams a i l  have a s ~ m l l a r  
yeo?oi;~cal  ilrstory (Gatlo 19711, Ttiey were a3 l  
forrlied as glacial siptcasil s t r ea r i s  a s  the  iiiost 
r e c e n t  g l a c i a t ~ o ?  r e c e d e a  I n  CI n o r t n e r l y  
dlrectwor:. :hey a l ,  flow through c i~anne l  s  c u t  
tbrougn i;iore extenswe outwash channel aeposr t s  
formed avr lng t h e  g l a t l p -  recession. These  
aeoos? t s  **ere niai n l  y  oars? aariqul a r  bob1 der  and 
gravei WP t l l  sore  sand. Tne ~yiagagdadavic 21vc-r 
near  brockkay and t h e  O e n n ~  s n e a r  *laxwel 1 
L r ~ s s ?  ny  rlave fa1 r ly  extens? ve cutvjash del tas  of 
gravel arrd sdna w i t h  some 511 t. 

The N, A, r4a ran ? c h i  a r l s e s  frohi seepases  
and small l a k e s  I n  the n o r t h - c e n t r a l  h .  R .  
t ~ ~ g h l a n d  a rea  and flows l r i  d s o i i t h e a s t e r i  
dr rec t icn  u n t 1 1  ~ t s  t o n f l u e n c e  u i ~  t t l  tne  S. W. 
1.11 r a i s ~ c h ~  a t  3ougl astown. Stream d! sciiarges and 
w i a t h s  a r e  3 1 v e ~  ~n i a u l e  I a l o n g  w ~ t h  
aaprox:ria"i area of ldkes i n  the headhaters. 

n ~ d t h s ,  d i scna rges  ana i ake  d r z a s  o f  tne  
headv.aters of the  iiar I ous s t reams s t u b ?  ed  a r e  
given I n  i a o l e  1 ,  and l o ~ a t i o n s  of t h e  s tudy 
areas are shown r r ~  flaps 3-11. Some addi t lor ia l  
f e a t u r e <  of the 5 r u n y  a r e a s  a r e  notea  D e i o ~ ~ ,  
L l l  s tudy a r e a s  &ere  yi;.-avel oa r s  I n  " r ~ f f l e "  
dreas ,  usua I iy a t  the foot of 3 pool . 

One edge of the "'Uigdeguash 3" s tudy area  
fo r~ l~ea  a sanay bedch a'ionl; t he  e a s t  oanK, ana 
vlach of the stiidy area  h a d  more f ~ n e  rnaterral  
than a l y  o t h e r  sthdy a r e a .  The p o ~ n t  c t  tne  
gravel bar was I n  the f a s t e s t  c u r r e n t ,  and ~ t s  
c o ~ i p o s l t ~ o n  ifas coarser. 

Tne "'i"acjar;u~davic 1 '  s tudy a rea  was riot a 
p a r t ~ c u l a r l y  s u l  t z b l  e s p a ~ i n i  n g  a r e a  a s  i t  
conslstea o f  pockets o f  gravel f- i l led i n  arouod 
boulders. 

Tile " ' i l k  i~iiraniichi" stucy area was a grave7 
bar extending from the west o a ~ k  t o  inid-strean! 
a t  t he  f o o t  of a l a r g e  shal low pool l o c a l l y  
k l o . i n  a s  " 4 2 "  pool.  S c a t t e r e o  permeabi 3 i t p  
ineasure~?ieilts were a I SO inaae Partiler upstream, 

The ""Pl t rey  1"  s tuny a rea  was a shal low 
l a y e r  of gravel over ledge rock a r ~ d  ~ t s  use was 



, . / / ie  "pa! f r e y  ','>suay a r e a  was 
i s - d  e x x z s i  v e i y  b y  l a n u l o c k e a  sa inur i  f o r  
spawn3 ng. 

Elever? study areas were saiiiplea on t h e  S t .  
Cr-oix a t  ofie time ctr another ,  a l l  between the  
Spedni!: Lake Oar;i and the conf luence  of t h e  S t .  
Cro?x dnd  Csnoose R i  Gcrs,  a  o i s t a n c e  of 50 k m  
(Nap 101, These s tday  a r e a s  a r e  vancebero  I 
( l i . 5  it111 oelow t"? S p p e d f  k Lake oam arrd j u s t  
upstroaii? of tile r a i  1 roaa  b r i d g e ) ,  Vanceooro 2 
( w - 6  krn oelow the dam and about U.1 krn below tne 
a r i d g e ) ,  iiiiie '?ips (7 kni below tile aaia), h a l l ' s  
;lips 114 k ! ~ ) ,  !;dck P o i n t  &9  in), S c o t t  3rook. 
( 2 4  k n ~ j  a t  ~ i l e  foot 3f Tyler Rips,  A1 hie" RRi.35 
28 ? . ,m i ,  'Zocicy ? ips  .22 ( k i i r ) ,  Lravei island ( f o o t  

a +  Rocky i i ip,;), i4eetingilouse Kips ( 3 7  k n i ) ,  and 
Cailot~se Zips (37 k:;ij, Severa l  i;f "iese study 
dreas :re describe6 in ;:#ore d e t a i l  by Pe te r son  
i 1475-;976!, 

VanceDoro 1 .#/as nct u c i ?  i r e d  very much as 
t h e  5 u b s ~ r o s t e  w d ~  z ~ o  cOSrse a n d  t h e  water  too  
svtr f t  3rd deep, 

d a n c e b o r o  2 h a s  a  l a r g e  g r a v e l  o a r  
e x t f n a i n ~  f r u ~  t h e  C a n a d i a n  s h o r e  a c r o s s  
f o u r - f i f * , h s  r?f the  S t r f d I i i  a t  :rii;icli p o j ~ t  t h e  
iiiain fl3w cu t  3 ueeDer channel .  A p o r t i o n  o f  
tke .>ar ;*as PxDOSed a t   lo^ water levels .  

The "I i le  Kips s t u d y  a r e a  i n c i u d e r l  tnio 
gravel barss A smaller iipstreatn ba r  p r o j e c t e d  
ifoil; a  point of lano oil the e a s t  bank, while  the 
o ther  torrnea an extensive bar  a c r o s s  t h e  w i d t h  
of the stredm where t h e  f a s t  water  t a i l e d  o f f  
ip to  a fiedtlwater drea. 

Tiio H a i l ' s  Rips, A l ~ i e ' s  2 ips ,  Tyler  Aips ,  
and Scot t  i3roo~ study areas were typical  nars d t  

the fact o f  paols. The apex of the oar d t  Scc t t  
3rook was exposea a t  low water levels .  

I h e  Cuck P o i n t  ana  Gravel i s l a n a  s t u d y  
a r e a s  inc luded  bars  e x t e n d i n g  from i a r s e r ,  
r ~ ~ r r n a n e n t  - is lands.  

7ni. " ~ r e t i n g i l o ~ s e  R I D S  s tuoy a r e a  oegan a t  
t h e  mouth of  S l a s ~ u ~ s h  brook a n c  e x t e n d e a  
downstream to -?xtenil ve stream-iv~de bar,  

The  Sanoose P?ps study area was a  s e r l e s  of 
bars forlned a t  t r e  ~ a r t l u e n c e  w ~ t h  t h e  Canoose 
Klver. The ,da?n fled of t h e  Cdnriese K ~ v e r  $*as 
aownsxrearn of the study area* b u t  2 srlall branch 
ernptjed I n t o  t h e  S t ,  C r o l x  u p s i r e a i n ,  Al 1 
sdnp? l n g  s i t e s  were outs1 de any rrlfl uence of tile 
Caaoase R ~ v e r .  

ine  nild-suinrner teraperaturz regjines of ixost 
o f  t h e  s t r e a m s  I n  s o u t h e w e s t - p n  N. b .  a r e  
probably s ~ r n l l a r  ( 'able 2 1 ,  Kid-day Lenlpera- 
t w e s  t y p ~ c a l l ~  rose t~ i4°Tz a  degree or t ~ o  o"i 
~ ~ a r - 7  days. Palfrey brook probab:) ,  ana tile N!d 
t l i r a n ~ c h ~  undoubtedly, had riaAi;na 2 or 3OC 1 ower 
tnan the  o t h e r  streanis.  Symons and d a r d i q g  
1191L) ana Symons (-975) nave aoci i~enwrd more 
compl e t e  "seinperatJre r ecords  "or t h e  dadel g , 
Denaas, and Cannose s t r eans ,  

Perrneabji i t i e s  were weasureu u s i n g  %he 
inet?!od aeveloped by ierl l~ine (1938; and K i c k e t t  
( l 9 S n ) ,  The rnethod i n v o l v e d  d r i v i n g  t h e  
p e r f o r d t i e n s  o f  a  s p e c i a i l y  c c i n s t r u c t e d  
s t a n d u i p e  t o  a d e p t h  o f  2C cm (25 c m ,  a s  
suggested ~y i i~erhune,  was found l i n s u i t a ~ l e  f o r  
t,4, L3. s"crea7isl i n t ~  the g r a v e l ,  then measuring 
t h e  r a t e  of p e r c o l a t i o n  froia t h e  s u r r o u r i a i n ~  
g r d v c l  i n t o  t h e  s t a n c p i p e  u n d e r  a  I - i n c h  
[ % , ~ - C : I )  pressure ?lead. The p ressu re  head was 
aa:ntdined by p u ? y - n g  water  i i u t  o f  tile top o f  
the standpipe. lile volunie of water pumped ou t  
i n  a  given t ime j u s u a l l y  3b  s e c )  p r o v i d e a  a  
i leasure cf p e r c o i z i t i e n  r a t e  i n t o  t h e  s i n k  
created 'I:] t i l e  stariapipe, The flow r a t e s  were 
converted do stdndara perrceabi 1 i t i  e s  ( cm/hri d t  

13°C a s  o e s c r i b e d  by i e r h u n e  (1958). 
P e r ~ i e a b i l j t i e s  were ineasurca a t  I-n: i n t e r v a l s  
along t r d n s ~ c t s  across the gravel bars s t u d i e d .  
The  nmber of ice6,sureiiietits {iisiidl i y  a t l e a s t  10)  
was a  functioc of $ravel bar s i r e .  Intrd-gravel 
water ve loc i t i e s  vtere !;reasured ~y a  dye-dilution 
tecl-riii.rile !Tersh:i=e i358) i r :  a few instances,  

The grdvi.1 has sdi'ipleb d i t h  a  15-cm l eng th  
of gaivanlzecl stovepipe 15 cm I n  dlameter.  The 
uipe has rldrked o f t  r n  2,5-clil j r a d d a t i ~ n s .  Two 
i i un i i l es  ool zed to orle erd of the plpe tnrougil a  
sirpportlrrg lror? -]rig 2.5 x LJ-3 cirr were used t o  
work t h e  p ~ p e  I r t o  t n e  g r a v e l .  S t a n d a r d  
sainpi 1:li; depth was 17 cni, ii?e gravel sa.?ple I n  

tbe plpe has scooped uy hand ~ . i t o  p l a s t t c  q u a r t  
cant? rners. Three ~ o n t a l n e r s  (each f i  1 l ed  \!I zh 
i.5 cm o f  the c o r e )  were r equ l red  per s a n p l e .  
The c o n t e n t s  of each c o n t d i n e r  were s i e v e u  
~ n d ~ v i d u a i i y  t~ octain an e s r j n a t e  of v e r t i c a l  
s t r a t  f l c a t ~ o n  i q  t n e  $ r a v e l .  ?hc t o t a l  dry 
l t ~ c ~ g b t  sf tne sanp E t r o n  t h c  Line was u s u a l l y  
4-5 k g .  

The grdve? samples were wet-sieved tlirotigh 
a se r i e s  of SCreeliS, 61 cln on a  s i a e ,  with the  
io;iowing pore s i zes :  03.5 mm (or) a  s i d e ) ,  22.2 
Innr, 2.2t i-lm, 0.5 mm, and U.06 inin, H e r e a f t e r ,  
sediment re ta ined on t h e  two c o a r s e s t  s c reens  
will  oe termed cobble, and sediment r e t a i n e d  on 
the  three f ine r  screens wi l l  oe termed pebb le ,  
coarse sand, and f ine  sana respect ively ,  A f t e r  
they were s ievea ,  a11 salnpies were oven dried a t  
liiS°C, then weighed to t h e  n e a r e s t  1113. i n  
a d d i t i o n l  t h e  :oa r so  and f i n e  sand f r a c t i o n s  
ltJere asheo a t  5si)"f,, :he!, +.*ii;,: ,*,. z j 3 ~ c c i  :: S X ~ P C !  : i ~ ? e -  
(The difference ~ctween the  l a s t  two weighings 
provideu an e s t i m a t e  of o rgan ic  m a t t e r ,  1 The 
sanlpl ing method. was inadequate t o  sampl e  s i  l t s  
drid L; a y i  quanti t a t i  vel y. 

Sallipl l n g  s i t e s  were se l  e c t e a  s u o j e c t ~  vel y 
on the b a s ~ s  o f  Derny considered s k i t a b l e  a r e a s  
f c r  spabinlns ~y sarmon, The s~ t e  had t o  have 
s r a v e l  t h a r  appedreo to  be c f  a  r e a s o n a b l e  
codrseness. ana nad t3 be locatea I n  a  s b ~ t a b i e  
tiow c o q f ~ g u r a t ~ o n ,  The s~ t e s  were a1 l l o c a t e d  
wriere thc dater  v e l o c ~ t y  was acce ie r -a t lng  and 
the aepth decrezslng l i l  a downstrea~ o ~ r e c t ~ o n )  
s t  the td i l  cf a  c u ~ e t  s t r e t c h  or  p o o l ,  As a  



check f o r  M I  form? ty amorig streams, the mean 
water t u r r e n t  v e l o c ~ t r c s  and water depens were 
measured a t  most of the  study a r e a s  w l t n l n  a  
p e r ~ o d  o f  a  week u n d e r  summer low f l o w  
c o n d t t l o n s  ( T a b l e  31, Tile iilearl idel o c l  i l e s  
ranged fron, C . 3 6 - 0 , i b  ~ji/sec lu.1 t h  most v a l  ues 
f a l l ~ n g  w l t k t n  O,SC-0.65 m/sec. b e p t h s  were  
usually 211-3ii cm, 

Salmon eggs were obtained from p a r e n t s  o f  
Magaguadavic R i  re? origin by s t r ipping a n d  "'dry" 
f e r t i l i z a t i o n  of t h e  ova. Mean egg d iamete r s  
were 6.3 ~ ? w ,  Salmon eggs were plantea within 24 
h o f  f e r t i l i z d t i o n ,  and were r e f r ige rz t ed  p r i o r  
t o  piantiny* A hale about 1!2 m in t3ian1e"tr and 
15  co deep whs dus in the chosen gravel Lar. A 
30-cni aiameter s tovep ipe  was then worked i n t o  
the  hole unt i l  s t a b l e  i n  t h e  c u r r e n t ,  Lravel 
was then b u i l t  up around t h e  base 9 f  t he  p i p e .  
The required number o f  eggs & e r e  placeci i n  tile 
pipe drid d l  luwcti to s e t t l e ,  Several shovel f u i  s  
of gravel wsre then placed i n  the iiipe t o  cover  
t h 2  eggs to d depth of 12-15 cn, a f t e c  wilic?; t b r  
pipe was wi thd rawn  gently,  The egg aeposi  t was 
then  mouaded up w i t h  g r a v e l  t o  s i m u l a t e  a  
natural  redti witti "r.he eggs an estiinatea 20-36 cn 
c?eep. Each egg qepcsi t was ii~ar-kei: w i  ti] ~ o u  1 d e r s  
nmbered w i t h  f::rorescen"Larange p a l  n t .  Saiirples 
from t h e  eggs used in t h e  S t .  Crolx p l a n t i n g  
experiments were brought  back t o  t h e  l a a  a n d  
rearetr under hatch;i?-;: condit ions to con t ro l  f o r  
egs v i a b i l i t y .  

In spring. emergent f r y  from eggs p ian ted  
the yredlous f a 1 1  &re  sampled us179 emergence 
t r a n s  s ~ m l ? a r  t o  t hose  a e s c r l b e o  by P o r t e r  
i 1 9 7 3  1 .  The t r d p s  c o ? s ~  s t e a  of a  some i 1 - m  
d ~ s m e t e r j  formed Prom ~ r o n  hoops, t t ~ e  u;stream 
ha r of t n e  dome c o v e r e d  w l t h  netting and 
idovinstreaiil i - i a i f  w r t n  c a n v a s *  T h ?  doirre wds  
p l a ~ e d  oder  t h e  egg cepos l  t, Tne dome was 
surrounded by a canvas a o r c n  w h ~ c h  was covereu 
w~ t h  gravel from the stream bed to "?Old the t rap  
I n  p l a c e  a ~ d  F r e v e ~ t  e s c a p e  of  f r y ,  Water  
f : o ~ r n g  Into the done through t n e  n e t t l a g  was 
F u ? n e i e d  I n t o  a c a n v a s  t u n n e l  t r a ~ l  r n g  
domstrean from t h e  dome. TP1s tunnel 10.6 m 
hung) was a1 s c  s u p p o r t e d  by i r o n  hoops t o  
prevent col lapse .  A box t r a p  a t t a c h e d  to the  
e n d  of the tunnel cot I e c t e ~  f ry  m o v ~ n g  aowrr t r l P  

tunnel + 

una 
was 

For s t r e a a s  where  d ~ s c h a r g e  d a t a  were  
va l l ab le ,  the discnarge I n  l a t e  summer 1975  
e s z ~ n a t e d  ( Taol e 11, Current vel o c ~  t~ es  and 

aepth were ~iieasured a t  I-m ~nte rv i i i s .  D~scharge  
i l s e c  CJCIS tnen  calculated f ro11 I e d i i  v ~ i o c i  t r e s  
and oepths. 

RESULTS 

GRAVEL COMPOSITION 

The subst ra te  f o r  28 areas w8s sampl ed I n  
the  9 streams. For most a r e a s ,  t h r e e  samples 
were taken ( T a b l e  4 1 ,  T h e  samples froin t h e  
v a r i o u s  s t u d y  a r e a s  a r e  r anked  I P  T a ~ l e  4 

accor-oing EL coarseness 05 tile se6inli.n t ; t hose  
w i t h  *h r!~ic;hes*i perceritage of cobole ranked a t  
t h e  t a p ,  ;he - -  s dnae  ifi p e r c e n t  c o b b l e  i s  
ionsioerabie (12.1-52-5 , dry w i g h t  oas i s )  , b u t  
most saliiples f i !  1 wi t h i r ~  tfie 40-60; range.  The 
pclnbl  e f r a c t i o n  va r i ed  frorn 14-7-62,7:, , t h e  
coarse safid  fro:^: 2.4- l i js0: ,  arld t h e  f i h e  sand 
f ! 1 - 3 0  Tlie or-sai?ic conten t  of  t h e  sand 
f r ac t io r i s  i s  u s ~ d l i y  t h e  h igher  va lues  
u s m ? l y  obcajneu f r o m  samples with a law sand 
con ten t .  The c rgan jc  c o n t e n t  o t  t he  c o a r s e r  
sedii!?eets wacl riot ineiisurfd, b u t  would he two o r  
t h r e e  c?rbers ~f r;iagni"iudc l e s s  than "iirar for the 
saiicl f r a c t i o : ! ~ ,  Tile sediments  i n  t h e  s t t iny  
dreas were s t r a S i 5 e a  i - i i th  m o r e s d d d  occur r jng  
i n  the lower s t r a t a  ano a "pavement" of l a r g e r  
s  t n q p s  cn t h e  s c r f a c e  ( F i g .  I ) ,  l h  i s  
s t r a c i f i c z t i o q  i s  dsc2nienteo i n  A p p e n d i x  I b u t ,  
fu r  ",lie p r e i ~ f : ~ :  discussinn, wean values f o r  ttie 
i u j l  IS-ci;) d c p z h  a r e  u f j j  : z ed ,  

- .  - g 1. ii:lotograp:~ o f  r y p l c a l  s t r a t i f i e d  gra-vei 
riepu"ii fiu:.r a s t u d y  a r e a .  To? 5 c~ 
c o b b l e :  97%, pobb!e: 2.5%? sand 0.5%. 
" l i d d l r  5 cn - cobb?e :  27b, pe:,bie: 

. - 
6 2 X ,  san::: i ! : .  Bo;iom 5 cnl - cobble: 
i 12 pebble: 652, sarlc: 25%. 

d b e n  xnc p c r c e r ~ t  c o b b l e  i s  p i o t t e d  vs 
oercent sand { c o a r s e  and ~ I P E  comb~neo l  (Fig, 
21, o e r c e n t  r i ~ d  i n c r e a s e s  a s  percefit cobble  
decreases. T n ~ r ,  3 f  course, i s  to oz expected - 
t ~ r ?  f ~ p e -  t"r sec?lment, t n ~  ]:lore s a n d ,  The 
s c a t t e r  o f  points , n  t n : s  c a s e  I S  more 
I n t e r e s t r  n y  than the  genera l  t r evd .  Samples 
from c e r t a l n  s t r e a r s  a r e  c o n s i s t e n t l y  a t  t h e  
l o w r  euge of tbe s c a t t e r  i e ,g . ,  \;awelg 1,  2 ana 
Dl g d e g ~ a s h  s a m p l e s ) ,  T h e  S t ,  G r o ~  r ,  
j . s i t ~ ~ ; l ; r l ,  V:qcebo-,I 2 .  3 q d  b a g a g s a d a v i c  
sarnp;es, are c c ~ s l s i e l t i ~  near the  upper eoges 
o f  :he s c a t t e r ,  Ti le r  ?forei.,  gravel ateequivalent 
 oar-seqess i: . e . ,  sr7-iriar ~ e r c e n t  c c b b i e )  , and 
i n  a r e a s  o" s ~ i n i l d r  f lov-  c o r f ~ g i i r a t - o n ,  may 
s y s x e m a t ~ c a  i j  v i r ;  I n  saps c o n t e n t  among 
d ! f i-erer c streap-s, 
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Fig. 3. C u n a l a t r c e  p e s c p n t  o f  t o t a l  sample  wexght 

1 s  p i o i t c d  a s  4 f u n c t l o n  of I n c r e a s i n g  
p a r t i c l e  s i z e .  P a r t i c l e  s " i ze s  t o  t h e  
Left o f  rhe  v e r t i c a l  s u i i d  l i n e  a r e  
sand o r  s l i t .  and may be r e g a r d e d  a s  
d e t r i m e n t e l  r o  g r a v e i  p e r m e a b i l i t y .  
Maybeso C r e e ~  and Snow Creek  d a t a  a r e  
from W c X e i i  acid Anneil ( 1 9 6 4 ) ;  K i r k  B u r n  
d a t a  a r e  from Campbell  11977). 

Fig. 2 .  P e r c e n t  c o b b l e  ! i v y )  is plotcrb vs, 
p e r c e n t  sand ( X I  far v a r r o u s  g r a v r l  
c o r e  s a r lp l e s  which  were  s i e v e d  f a r  
p a r t i c l e  s i z e  a n a i y s l s .  Note  t h a t  
s amples  f rom Mawelg a ~ d  Digdegeash 
s t j d y  a r e a s  r y p i c a L i y  had lower  t h a n  
a v e r a g e  afilodnts of s and  p r e s e n t .  
C o r r e l a t i o n  coefficient = 0 .75 .  

The v a r i o u s  s t r e a m s  were r a n k e d  w i t l i  
r e s p e c t  t o  g r a v e l  q b a i ~ x y  ( T a b l e  5 a i  by 
averaging tne distance to l e f t  o r  r ~ g n t  of the  
regression l i n e  of Fig. 2 t h a t  t h e  p o i n t s  f o r  
various s t rea i i :~  f a l l .  Tile S t .  Cror x R?ver  was 
sampled most e x t e n s ~ v e l y ,  ana the gravels of the 
va r lous  S t .  C r o ~ x  s tudy a r e a s  a r e  al so r a t e d  
(Table 5b)  accord~ng t o  Fig. 2 .  Vanceboro 2 had 
the  p o a r e s t  r a t i v g ,  averaging 4,5k more sand 
than the mean as  g t v e s  by t h e  r e g r e s s i o n  I .ine 
(Table 5 b ) .  The gravel s  tend to have re1 a t lve ly  
lower sand c o n t e n t  with i n c r e a s i n g  d i s t a n c e  
downstreani. 

I n  Fig,  3 ,  the gravel composl t i o n  of the  
coarses t  and f l n e s t  sedlinents analyzed I n  this 
study are compared w l  t h  t h e  resul  t s  of gravel  
analyses performed I n  Alaska (McVe11 ana Ahnell 
1964) and i n  Scotland irampheil 1 9 7 7 ) .  S7'1ce 
t h e  amolrnts of  m a t e r i a l  < 0-06 m m  were  n o t  
analyzed I n  Lhls s tudy ,  ~t das assumed t o  be 
equal I n  amount to the fane sand f r a c t ~ o n .  The 
data of tlclle~l and Ahnell (19641 i n d i c a t e  t h a t  
t h r s  1s g e n e r a l l y  t r u e  and t h e  e r r o r  I n  t h ~ s  
assumption s h o u l d  be no more t h a n  c a .  2s. 

S e d ~ m e n t s  <2 mm i n  s i z e  ( t o  the  l e f t  of  t h e  
v e r t l t a i  i l n e  I n  F ig .  3 )  a r e  c o n s i d e r e d  a s  
detrl?irntaI to permeab~ 1 I tji, and t h e r e f o r e  to  
gravel quai ~ t y  a s  spawn1 ng m a t e r i a l .  Most of 
the gravels analyzeo for  14. B, s t reams con ta in  
1 2 - l s h f  sediment <L mm, thus fa1 l i n g  near t h e  
Anan Creek gravel analyzed by blcNeil and Ahne'll 
11964), 

The pernieab~l  i t l e s  measured among t h e  
U I  Fferent study areas vari ed WI del y ( Tab? e  6 ) . 
The d i f f e r i n g  number of m e a s u r e m e n t s  a t  
different s tudy d reas  r e f l e c t  t h e  d l  f f e r i n g  
s;zes of the study areas.  For most of the study 
areas ,  most periiieab~7 3l:es were crn/h, w i t h  
sca t tered  measurerents 1 0  the higher categories.  
Hotable exceptions were kaweig I and D l  gdeguash 
1   here m o r e  t h a n  h a 1  f  t h e  m e a s u r e d  
permeabi l  I t ~ e s  were >6000 cm/h. 

i n  ehree of the  s tudy a r e a s  sand c o n t e n t  
and permeabl f i t y  bore a  oef t n 1  t e  c o r r e l a t i o n  
~ 7 t h  strean] bed c c n f ~ g u r a t ~ o n .  For example, a t  
t h e  Magaguadav~c 2 s tudy  a rea  (Fig. 41, t h e  
g r e a t e s t  perneabi i  ? t i e s  were a s s o c l a t e d  with 
p a r t s  of t h e  t i -ansect  where t h e  g r a v e l  was 
r e l a t ive ly  low I n  sand con ten t  ( t r a n s e c t  nos. 
5-7 I n  F i  g ,  4 ) .  Thsse p a r t s  of t h e  t r a n s e ~  t 
were where t h e  main w a t e r  c u r r e n t s  f lowed  
between b ~ g h e r  p a r t s  of t h e  gravel  bar .  The 
lowest pe rmeab l l r l~es  and h ighes t  sand c o n t e n t  
were found j u s t  upstream of exposed b a r s  o r  
I s l  arids. 

The geometric means of the  permeabil i t i e s  
f o r  the study areas generally varied in i n v e r s e  
propor t ion t o  the  pe rcen t  sand i n  t he  gravel  
( F i g .  5 1 ,  Most of the  va lues  can be f i t t e d  
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r i g ,  4 .  iJiriatioi~~ i n  permeability !Kl0  in 

cmibr :  are documented along x ir:insec: 
st Magsguadavic 2. -:he percent sand 
in corti snmpies  fro^ three different 
parts sf the traasoct w i t h  differing 
p e m i . n b i l i r i e s  is also  i2lii.st rated. 

Fig. 5. - Permeability (standardized to 10°C = 

K l n )  (mean of 10-20 measurements) is . ., 
plotted v s .  percent sand (XI (mean of 
three core samples) for the various 
study areas. The regression Zi.ne 
(solid straight line) is derived from 
all points, except the Digdeguash s ~ u d p  
areas for which a separate line has 
been fitted (by  eye). The solid curved 
line is derived from data from McMeil 
and Ahneil (196k j  for newly mixed 
gravel samples; permeability measured 
in a piece of plastic pipe, 
Correlation coefficient = 0.6. 
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r z i s i n a s i y  wel l  xo a s i n g l e  c : j rve  ( K * ,  = 
3437-186X, corre id t ian  c e e f l i c i e n t  = 0-6 1 ,  l V ~ i a e  
Uf g r i c g ~ a c h  1:ermedbil ities are  higner re1 a t i v e  i;o 
the amounts 05 sand p r e s e n t  than a r e  those  of 
ather clrearns, and are  f i  kted "io ii separate l ine 
( b y  e y e ) "  Tnf t h i r d  s e t  of  d a t a  on F i g .  5 i s  
frsni Kc441 and k n e l l  (195';), in t h e . i ~  s tudy 
t h e  seilirnents viere : n i x e d ,  eher: Kiacred i n  a 
ve;.t .ical cy indcr. :he pe r f~ i cah i l  i t y  was 
nleasured as tne \isli:ne of water passing t h r o u g h  
t h e  cyl  inc!er u n d e r  a 2 . 5  -cm p r e s s u r s  h e a d ,  
These values p r 3 b a b I y  rl:ay be  regarded as  near 
t q e  r e ]  a t i o n s f t i p  o b t a i n e a  u n d e r  m i n d  m u a  
c o n a i t i o i ~ s  o f c o m p a c t i o n ,  T h e  s c a t t e r  i n  the 
s r r e a n  da ta  i s  unders tandably  c o n s i d e r a b l e  as 
many other F a c t o r s  { degree  o f  conipac t i  o n ,  
a n g u l a r i t y  o f  g r a v e ' !  i ; a r l i c l e s ,  l o c a l  
v a r i a b i l i t y  i n  gravel iomposi t i a n )  can in f i  uence - 0 pzrmeabi'i  it:,, ine r e g r e s s i 3 n  l i n r  re1 a t i  n g  
permeahil l;ty to percent sand accounts f3r about . - ~3-49% of the v a r i a b j 1  1zy.  The d d e d  i n d i c a t e  
t h a t ,  r ega rd9ss  o t  other f a c t o r s ,  i f  the s a n d  
cantent  i s  i 20z9  by weight ,  mean per-ieab-il i t y  i s  
reduced t? near zero, 

Tlic '  gerierai r e ]  d t j  0iish.i p nctieeri  percent  
c,;nc and pcrmeai;"; 7 1 3  a1 so holds  For the various 
-.  
2 . t "  C r o i x  s t udy  a r e a s  ( T a ~ i e s  6 and 7 ) .  The 
c::lblr?eb pc3rmeaiiilil;y f o r  Four upstream stud : ; ~ r  - a s  the  St.,, 5 r c ; j x  (ihocebiiro 2 ,  Hal 1 s 

k i i e  R i p s ,  a n d  Sco4t @rook)  was 600 as  R -  ,.- 
r:r?l:~pa.red .to 11745 +or four  cownstream study areas 
(p, '!bie 's s i p s ,  Gravel I s l a n d ,  i.!eet'inghouse R i p s ,  
arid Gancose Rips), The upstream s t u d y  a r e a s  
: ,? ,e  ceen shown above til hawe higher amounts of  
, .. re1 a t i v e  t o  qrave'l coarseness, ,- .-q 

The intraayravel water velocity was measured 
b; th2 c i ~ y c l - ~ l ~ i l u t 5 o n  techr l ique (Terhcrne 1958) a t  
3 tew s tandp ipe  perietrrations h t he  S t .  Croix 
R i v e r ,  :n g e n e r a ? ,  v e l o c i t y  was g r e a t e r  a t  

0": . ; i ,eater  permeabjl ity ( T a b l e  8 1 ,  
(a'ltilou;ahot"",ier Fac tors  ( h y d r a u l i c  heas?, l oca l  
a: 1 t ,ow p a t t t e r i ~ s )  caq dl SO af fec t  veloci ty ,  

iL,r pe?cer:ap cf frj emorg;ng a t  va r lous  
i t l i d y  ;ireas ;- W r  S t ,  t r o ~ x  Raver rangea From 0 
t o  '3 ( T a b l e  3,- Eggs  p l a n t e d  r n  t he  f a i l  a* 
1975 vJere c o l a  d c e e d  zo be of  poor q u a 1  ~ l y ,  
p o s s ~ h i y  due t o  tbe - n c l u s ~ o n  of  eqqs f r o m  a 
f e m a l e  ti.~a";as a v e r - r ~ p e  a t  strrpping. A 
sample  o f  L + P S P  e n q s ,  # h e n  r e a r e d  u n d e r  
1 aboratory c o f ~ ~  7;70"3 59 experienced 4Uoo morta l  i ty 
( a s  cnmpared t~ ttst ~ z v a l  5-iCllhj, There fore ,  
the emergence o ' ~ " i e s  a r e  ~ o r r e c t e d  to account 
fo r  "el s  i nc r tasea  rrertaal -rty* Tda o f  the t raps  
i e t  a t  irave: isizqd r q  1976-71 were d-rslodged 
aurafag high wate r  c n n d ~ t i o n s .  Vanceboro 2 h a d  
the inl,restpermeaba l I t y  (620 cm/h) OF any o f  tile 
S t .  C r n ~ x  f r y  pl ant1  ~g 51 t e s  measbred, and no 
P w r g P n c e  was oDta l  ned,  The mean ~ e r m e a b ?  1 r ty 
for Gravel Is land-Albse?  R ~ r p  s tudy a r e a s  was 
LOO0 cmiF a d  ~ h s t  far Canoose R ~ p s  1100 cm/h. 
The correspomg~ np mean anerrjences kere 3,6% a n d  
1,8": respect1 *e ly ,  The emergence d a t a  f r o m  t h e  
S t ,  Crorx plantar#gs  a r e  compared w ~ t h  d a t a  
ob-ta~oeca Frcii~ k i c l e t t  1195bj  t o r  chum aod p l n k  
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Tire presence o f a q u i f e r s  may a lso  have a f f e c t e d  
dj s t r ibu t ion  of these l a t t e r  redds. 

i he  C~gdeguash R ~ v e r  ha; a ?opulat ' !oo o f  
S ~ ~ - ? U I I  b r0b~1  tvoida ( 7 ,  r l r i h c j  ds .dell LJ,S 

P t i3nt1c  salnon. I t  i s  there tore  b o s s l b l e  t h a t  
sowe of the redds coserved :n ta'! s  s t r e a q  h e r e  
f o n l r d  oy Srowa Xrodt* S l ~ c c  tbe redds  h e r e  
i arge, 3 t I N O P ~ I  Ciered ~"0bd07 e t n 3 t  they were 
formed by salmon. 

GRAVEL GGMPOSI T I O N  IN SPAMNZkG AREAS 

T h e  typical ~ j r i l w n , n ~  m e d l u v  f o r  t h e  
sou",ilern Id, 8, streams, averlgez over the top 15 
cn, nas  a cobcle.pebbie r a t i o  of 6 . 5 - 2 . 0  
( t J f p ~ c a l  near ~ j p u ~ y l *  Sand ccntcnt 1s 10-15%. 
hhe range of gravel ~ u m p o s ~  i;lnpu sarroted from the 
s a d y  a i -e ls  1 s  siw11i;r t o  spawning  g r a v e l s  
ana lyzed  t r o ~  p m n c  s a l m o ~  and Qrodn t r o u t  
sr~bir;lng area? : Fr  g, 3, plcide1 i a ~ d  Anire1 1 
Garnpbel I"?;', Tne grave3 I S  qu i t e  e t r a t i f ~ e i l ,  
cons1 s c ~  sg  3f a s u p e r i ~ c i a ?  \ ~ v e n e a t Z i  of' cobble 
w ~ t h  1ncrez4sny amounts of sand dnd pebble w; t h  
a ncreasl ng Ccpt': f F %  y ,  I ) ,  "or typ7ca7 spawr,lng 
g r a v e l ,  The b e w e p t  coqpos  1 t ~ o s  o f  s a p 3  a t  
deptPs o f  1 3 - 2 3  ciri cappl-axiiiate depth o f  egg 
d e p o s ~ t ~ c n j  h a b i d  be 20-30% 3y % e i g h t .  Tne 
gravel 1s s d ~ r r e d  a n d  insxed d u r ~ n g  e x c a ~ a t ~ o ~  
6nd cover I ng of the wad; however s t r a t 1  f I cat1 on 
b.rou70 prcbably oe le i -es tabl  I sned very  qu1ckl.y 
ane cer ta1r : ly  be fo re  h a t c h ~ n y  the  f o l 3  owl ~g 
s p ~ 7  ng , 

S; 1 i s  douid represeot a very smai 1 f r a c t ~ o n  
of  ?he sed?mcnts I n  spabnlng h a b ~ t a t ,  unless the 
s"Lei?ms were siiojected d w e r s g  heavy ad31 t l  ons 
o f  s71t  such tha t  the t ranspor t  ~ a p a b l l ~ t t e s  o f  
the  strezms a re  exceeded (Cconer 19651, S i l t  1s 
normally deposl Sed mdlniy a long s t ream banks 
~ n l e r  normal s t r eaq  Lono1 t i a n s  (Csoper  1955, 
tiansop 1 9 7 ~ ) .  r n ~ s  1s due to tPe f a c t  t ha t  niost 
o* t n e  sed1a:ents <(~~06 m r i  I n  p a r z ~ c ' e  sl ze 
would be eranscor ted  2s sdsDeraea load r a t h e r  
than bed load (Coop~r  19651, 

:he codrser m a t e r ~ a l  composl ng t h e  gravel  
bars  I n  trle stbay areas 1s sr-ac7e f a r  the  most 
p a r t  s lnce  i v  most s t reams t h e  tractive f o r c e  
r e q u l r e b  t o  move s t r e a m  g r a v e l  1 s  r a r e l y  
generated (Cooper i 9 6 5 ) ,  (Format lan  of anchor  
Ice and i ce  goug:ng ?n sprlng may I ~ s t u r b  gravel 
hdrs,  however, 1 Srnce the sand ; s  p r o t e c t e a  by 
a ""pavement" "layer of 1 a r g e r  s t o n e s ,  i t  1 s  
r e l a t ~ v e l j  s t a b l e  as  we l l ,  Digging ~y a o u l t  
sa3nc.n would con t r~ i iu t e  add; tr onal sana to  t h e  
bed load, C h a r a c t e r ~ s t i c a l  l y  a Iita i l  of sand 
ex tend~ng  From zhe downstream end of the redd 1s 
v ~ s i b l  e. Pne extent  of movement 1s proDabiy not 
g r e a t ,  a1 though f r e s n e t s  a t  appropriatel;liiicls 
could p o s s ~ b l y  Increase the  d7STanCe such sand 
I s  t ranpor ied ,  

T h e  consistent va r rab l i l t y  ~n sarid c o n t e n t  
among s t r eams  ( F l g .  21  riidy be due t o  seve ra l  
f ac t c r s .  Stream s i ze  may be important. Larger 
streams w i t h  lower hydraui  i c  g r a a l e n t s  ( F l  i n t  
1974) would natural i y  have h5gher sand c o n t e n t ,  
o t h e r  f a c t o r s  being e q u a l ,  ( T h i s  may he a 

f ac to r  ;f Ivporidnce i n  cons lde r lng  small vs.  
iaryi- stresrrs a s  nursery  a r e a s , )  t ~ o s t  of t h e  
streams a t  t h c  lower edge of the s c a t t e r  I n  F39, 
2 a r e  ~q t a c t  s m a l l e r  s t r eams ,  Large na tu ra l  
sand d c p o s ~ t s  1t-1 the stredm drainage a r e a  ( such  
a s  t h o s e  which o c c u r  a t  8 r o c k t t a y  o n  t h e  
Kagaguddavic and a t  Yaxwell G r o s s ~ n g  on t h e  
D c n ~ i s )  ~ 0 1 ~ i d  r e s u i t  I n  a grez ter  s a ~ d  component 
~ r i  t he  bed Ioad ,  Land c lea r - ing ,  ' l ogg ing  o r  
o t h e r  huinavi a c t l v l t i e s  can  a l s o  r e s u l t  ~n 
increased a d d l t r o n  o l  saod I n t o  tne  s t r eams ,  
Thts I S  p o s s l ~ l y  t h e  c a s e  a t  Vanceboro 2 ,  f o r  
$ $ a m p l e e  ~ h n s  s t u a j  a r e a  1 s  a b o u t  100 rn 
donnsz ream of t h e  r a i l r o a a  b r i d g e  a t  S t .  
Crolx-"daceboro. Large mounts o t  sand e n t e r e d  
tne stream chanrel here  as a r e s u l t  o f  br ldge  
repa:r arle; ralb road bed lmprovenents I n  1 9 7 6 ,  
Dalfreg 2 and 3. W, P l r d n ~ s h ~  study areas are  I n  

;ocat?ons  which are  b e i ~ g  ex tens?ve l j  cut  over - 
~ o s s : b i y  resulting I n  rncresscd sand I r  t h e  aed 
l odd ,  

V a h x  (-96:) h a s  g e m o n s t r a t e d  t h a t  
I n t e r ~ h a n g e  of  w a t e r  s e t k e e n  s u r f a c e  a n d  
subgravel cos;uponents 1 s I n f i  uenced by stream ued 
surface pri3f-i I f ,  gravel penneao?l i t y ,  t;ravel oed 
d e p t h  and ~ r r e g u l a r ~ t j  o t  t h e  s t r e a m  bed 
s u r f a c e ,  1.:o r n t e r c l i a n y e  w s l l  o c c u r  ~f 
permeabi l l t y  and gravel depth are  c o n s t a n t ,  t he  
p r o f ~ l e  as no t  curved and the  streair1 bottom 1s  
smooth, I F  "che stream p r o f ~ l e  rs convex, a s  1s  
t h e  case  on t h e  bpstream s i d e  of  a mounded 
salmori redd,  thev water  1s a c c e l e r a t e d  a s  I L  
passes over the redd and there i s  a force vector 
d l rec t lng dater  downward In to  the gravel  (F ry .  
7 1 ,  Conversely, I n  a concave stream pro f i l e  ( a s  
3r: the dokinstream s lde  of the redd oiagrainmed I n  
P. 3g. 7 )  tire P?ow of water IS drrected out of the 
gravel .  I r r e g u l a r i  t ~ e s ,  such as  l a r g e  s t o n e s  
can have marked e f f e c t s  on e n t r y  of waxer In to  
and movement M i  t h i n  t h e  subgravel ccmponen t 
lGooper 1965). A redd appropriately p l a c e d  
upstrean or  downstream Froin sdch a s t o n e  could 
~er ;e f  I t froto ~ t s  ' Pocuss~ rig" e f f e c t  on subgravel 
water f low,  

-. . 
r l g .  7 .  Diagram of probable water currenr 

patterns through a salmon redd 
( m o d i f  ed from Vriiix (1962 1 and 
Cooper (1965)). 

The oxygen concentration o f  the sub-gravel 
water, and the velocity w i t h  w h i c h  i r  flows by 



eggs d e p o s i t e d  i n  t h e  g r a v e l  a r e  c r i t i c a l  
f a c t o r s  deteririi ni ny s o r v i  dal of sa'iiilon eggs  
[Cable 1961; Daykin 1905). The %, ,/a1 ues were 
obtsirted when water temperatures id-213°C) and 
b e n t h i c  coinmunity b i o e ~ a s s  l e \ i e l  s  were n e a r  
rzaxi!,ial , hence the i'ietabol i c  and BOD demands on 
tne  s ~ ~ b g r a v e j  oxygen would be g r e a t e s t .  For 
m o s t  of  t h e  p e r i o d  of  e g g  i n c u b a t i o n ,  
teivigeratures have been near O°C, r j5 i  2g t o  nedr 
3'i: a t  iiatching- i:xyge~? levels  of water sup?ly  
t o  the eggs pr-obabiy w o u l d  not f a l l  below 16% 
a i r  s:",r-itiofi { c z ,  8-10 p !t has been 
eslri,jated (:eri?urje 195511) t t i d t  , For water  w i  t h  
r q c i i v ~ i e n i ;  :J l e v e l s ,  a ~,~ji?li;ia? s~b-gravel  water 

2 y e i o c j t ~  3f 3 cm/i~ would  be r eyu- red  t o  iiermit 
any silrii\;al g f  Pacicic salmijn eggs to t h e  f r y  
stage. 1: shcj:~;d be pointea o i t  t ha t  i;i?is value 
of \-~atc.ir je loci ty  i s  a  mar;. 7 r ~ e  i n x e r ~ t i t i i l  
w a t e r  dei c c i i y ,  which c a n n o t  be measured  
( T e r h u f i e  1953; C o o p e r  19653, c a n  v a r y  
coi>sidpraai;i ailout x r i i  s vd: iie. 

Fr:- g;,ii-.rl s:rei.-.l ~; : -of i  l e  and i;ydr2ii5i:c 
y rud  ier,:, ;,lean sub-yravei  water  vel o c i  ty i s  
p r o p a r t i o : ; : l i  t o  g r a v e l  p e r . : i e a b i  1 i ty. 
P e r i , ~ e a ~ : i i t j !  !;lessureinent has  been p roposed  
( ~ J i c k e t t  1954, 1958; Terh~~ne  1958) t o  e s t a b i  i s h  
a  Figu-rz of iileri t fo r  spawning grave? qtial i ty .  
It h d s  t h e  advantage of being independent of 
var-jat iuns I n  hydrau l i c  p res su re  head diie t o  
vari sb i e  strfianr f lue.  

TI):: ;jpri,leab-i i ? ty measure:iients were made 
f r o n ;  M d y  t h r o u g h  O c t o b e r .  T h e r e  i s  n o  
c o r r e i i t i o n  between perneabi l i ty and month of 
:,~edsurei;?ent (App, I ) . 

iiie , ,e r i leabl l  i r l e s  o b t a i n e d  f o r  ii, 9. 
strcia,;: a q e r a y e  sotnewha: loher Lnan t h o s e  
a v a : l  3 o l e  f r c i r  s t u d ~ e s  on t h e  Nest  C o a s t  
( d r c k e ~ t  1958, 1353, tvIcr?el 1 arid Ahnell 1964). 
1 + - 3  i r f t e r e n c e  c a n c o t  ue a t t r ~ b u t e d  t o  
d ~ f f e r s n c e s  i n  y r a i e i  c o m p o s i t i o n ,  a s  t h e  
curipas1ilo.is appear s~r~,-i ' l  a r  i F 7 g .  3:- 

pEKME#J,$ILITY AND FRY EKEKGENCE 

Tre lower i i i l ~ t s  of ;ien3reaSi I l t y  perm~t t lng  
e i l e r y e n c e  of sa13;on a l e v i  n s  I s  p r o b d b l  y 
sol~~ewhcre  oetweeil 500  and 1300 cil i jhh.  No 
eirergerlce was obtar ried a t  Vanceiioro 2 w h ~ c h  had 
a # w a n  jleriredar 1 I ty of aboint 600 cin/h. -he 
corresljondii lg ~ i i n ~ i , l a l  sub-gravel v e i o c i t 2 e s  
( l a o l e  3) dould l i e  oe;wee.i 4-5 a n d  1 2  c n i h ,  
t h s  ayreelng f a ~ r l y  well w ~ t h  t n e  value of 5 
c ;  ted ny Terhrine (1958). 

Tile percent emergence of f r y  s b t a -  ned froili 
eggs ~ I a n t e d  ; n  varloiis  St, Grorx s tudy a r e a s  
w ~ s  i i~g i l ly  ~ i l r ~ a b i e .  The d a t a  d~ hand suggest  
t o a i  ths d ~ s t r l b u t i o n  of p e r c e n t  emergence 
v a h e s  flay resemble log -nor~a i  jrilar~y low g a l  ues 
zliisxereci v i ~ t i !  a few s c a t t e r e d  i . , lgh v a l u e s ) *  
Tne ~-e3n  p e r ~ e n t  emergence was h ~ g h e r  where n-ean 
perileah:l I L ~ .  was also rl~giier (Fig, 61, From the 
d a t a  a t  hand, a perzieab111t.y of abol i t  1500 c n i h  
shctild y i e ld  a  mean percent einergerce o f  2-3$* 

Irie enerljence e s t  i n a t e s  f o r  t h e  St. Crarx egg 
d e p o s i t s  ape probably u n d e c e s t ~ m a t e s ,  s r r ice  
los ses  of evergept  f r y  .lag occuV througb f r y  
d ~ s u e r s a l  ~n tne grade1 or holes under t h e  t r a p  
t ipr3n.  'he T d t t e r  e r r b r  i s  p r o b a b l y  x h e  
g r e a A e r ,  P k r ~ l l  i p s  and i a i ? ~ ~ e i  l (1962) r e p o r t  
t n d t  e r e r g e ~ c e  of cot10 salmon and s t e e l n e a d  
t r o ~ t  Was correlated w ; t h  a71b:~iit sub-gravel 5 
c ~ n c e n t r a t l o n ,  S v t  not permeab: 1  IT^. i n e  
perrleaSrl~r, les of  tne- i r  s tudy  a r e a s  were very 
h l y ,  apd so p e r n e z b i l i r y  was probably nor a  
1 ~ r i ~ t ~ f i i !  ~ ~ C L O C ,  

Jn-,. penreab11 ~ t y  of the gravel bar  s z u o ~  ed 
was c n r r e r a t e a  wl t h  t h e  a r s b n t s  o f  s a n d  
(sedii  ei:ts .L rvi.) p r e s e n t *  S r n : l z r  p e i a t ~ o n -  
s h r p s  habe oeen shown e:sewbere ( M c N e ~ l  and 
Ahqei 1 19ba, Teriiune 1953), b i ~ t  fo r  a r t l f t c i a l  i y  
r l~xed 5, dvel s .  The s ~ a t t ? r  ( T I  g e  3 )  I s  unocp-  
stdndabl: c o n s ~ d e r a b i e  I n  t h j s  s rudy as o t h e r  
f a c t o r s  s:ch as c o n p d c t ~ o n ,  shape o f  g r a v e l  
~ a r ~ l - l e s ,  presence o f  large rocks, will a f f e c t  
perr,eao;lr,y. Tne &;a i r ld?ca te  t h a t ,  i f  t h e  
sand ccr-itenx of narural gravel bars - s  m r e  than 
2GZ, s i . e ~  Lhe pet # e d b ~ l  l t j  W - 1 1  be near z e r o ,  
I r respecl lds  or ocher f a c t o r s .  I t  1 s  proaaSle 
t i~dt,  f r y  s u r v ~ ~ i a l  ~ 1 1 ' 1  oe very l o w  atppermea- 
b11  I: les ;ess  than 1000 cm/k, wh~ch corresponds  
xo a  sand content of 12-15X f o r  the s tudy  a reas  
dsed fiere. 

-ne d z t a  obta-i ;ed on f r y  emergence  a r e  
7 ~ s ~ f ~ ~ c - i e n t  to  cornriare w ~ t h  ;lacrF:c salmon f o r  
p e r r ~ e a a i ?  i Q  e f f e c t s ,  flr;lan:~c salmon eggs  
hub?; smaller egg adianieters, bowever, so t h e r e  
i s  some reason tz expecYttkat they r i ~ g h t  survive 
oecxer i x j  gravel of low permeabi-i l t y ,  This 1s  
because oxyg?n d ~ f f u s l o n  l n t c  t h e  egg becomes 
i I i i 1 t l n g  a t  lower t ~ a t e r  veloci  t ~ e s  f o r  sma l l e r  
eggs ( S r l i r r  st a] ,  1963; D a y k ~ n  1965)- 

1. Arno~nxs of sdnn I n  s t r e a m  g r a v e l s  a r e  
c o r r e l a t e d  W I : ~  coa r seness  of t h e  gravel  
sarlpied ( I  . e m ,  more s a ~ d  r n  l e s s  c o a r s e  
gravel s j .  

2 .  Study a r e a s  - n  some s t r eams ,  such as t h e  
daweig and Digdeguash, have c leaner  gravel  s 
( l e s s  s a n d )  t h a n  szudy  a r e a s  cf o r h e r  
s t r e a i n s  s u c h  a s  t h e  S t .  C r o i x  a n d  
~,lagaguadavic. T h ~ s  re1 a z i o n s h i p  may be 
related zo s t r e a r  s-ize, 

3 ,  Gravels l r :  the  nore ~i;istreaiTi S t .  Croix study 
areas had p r o ~ o r t  ronatel y more sand than the 
downstream s t ~ d y  areas. 

4, Ferveab~l  I t e s  o f  study areas 3 n  most s t r e a m  
s i ;ud ld  were lots (1000-1000 cmjhr 
k a w ~  3 and  91 gdegsash s tudy a r e  
r:rgher p e r r n e a b ~ l r t ~ e s .  

5, Gravel pemmeab: 1 i ty was weak1 y e o r r e i  a t e d  
~ 7 t h  anrount o f  s a d  present, Other f ac to r s ,  
siicn as compact jon ,  a r e  probabi y Srnportant 



as we1 1 ,  Gaad, N, 1971 .  Q u a t e r n a r y  geo logy  of 
southwest  New Srunsnick w l t h  p a r t i c u l a r  

5,  Perceri t  f r y  einergerlce f ro!?  g re2n  e g g s  r e f c r e r ~ e  t o  F r ~ d e r l c t o n  a r e a ,  G e o l ,  ~ l a n t e d  i n  v a r l o b r   stud^ a rpas  In t n e  S:, Survey 9 f  Canada, 2ept. Energy Y1 nes and Crori: Var;eG Frorl 0 t o  3 * b i : *  Gravels  o f  P e s a ~ r c e s ,  Paper 111-34, 31 p. 
111 gher ~ermeabi 1 : ty ilrodziced m r e  f ry ,  

d a n s ~ 1 1 ,  E m  A, 9 .  Srd-rinenc I n  a Mich~rjan 
t r o d  slreai~r, ;is source, nciveient and some 
e f f e c t s  on f i s h  hab; t a e ,  Forest Service, 
3 ,  S- D t p L  4grr.;culture, 3es. Paper $VC-59* 
24 7, 

I wisl; to ack~~oriiledue the ass is tance  of the  
? a t e  George 2eloc:k aoa h i s  w i f e ,  J e a n ,  a n d  i-iobbs, F e  1937, Piat t l ra l  
guides .!. Keddy and i ,  W r i g h t ,  f o r  ; : roviding qu i  nnat  salmon, brown and rainbow t r o u t  i n  cdnoes and g i i d e  s e r v i c e  f u r  m ~ c h  of t h e  S t ,  fiew Zeal anz? ;.:z-Lsrs, New Zeal and Dept . Fi sh, Croix r an rp i i ng ,  Mr "i,', P, idickett  and Nr i. D. Bull 6: 3-164, 
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Table 3. Water current veioci t l e s  (2.5 crjl above gravel su r face ) ,  and water 
depths a t  varrous study areas f ~ r  August, 1976. 

Stddy  s l t e  Mean velocl ty misec (range) Depth  a n  ( r a n g e )  7 Date 
- 

Magaguadaf~c 1 0-44 (3.38-0,591 24 (16-39) 6 13,VII 1.76 
C~gdeguash 2 0,55 (0-45-9,741 15 (10-19) 3 13.VIIi.76 
?a1 f r ey  1 6.64 (0.47-0.96) 22 (15-29) 4 16.Vi11.76 
Canoose R.  0.36 (0.20-0.44) 12 ( 9-16) 4 16.V111.76 
Dennis 1 0.62 (0,50-0.8l) 25 (20-335 4 16.VIIi.76 
St .  Crolx 

Vanceooro 1 0.58 (0.45-0.63) 40 (38-43) 6 23.V111.76 
Vanceboro 2 0.71 (0,62-0.79) 30 (27-37) 5 18.ViiI.76 
M1:e 91ps 0.67 (0.45-0.98) 28 (23-361 6 18,VIiI.76 
Hal 1 k R I  ps 0.76 (0.51-1.01) 38 (35-41) b 20.YIii.76 
Buck ?t.  0.55 (0.38-0.76) 24 (19-36) 6 20.VIi1.76 
Scot t  Bk. 0.50 (Oe34-0.70) 27 (20-33) 6 20.VIi1.75 
A i b l e k  219s 0-53 (0-39-0-67) 30 (22-40) 5 23.VIiI,76 
Gravel Is .  0.68 (0-50-0.81) 30 (24-40) 6 19.Vii1.76 
Meet?nghouse 0-5d (0'38-3.75) 25 (21-32) 5 i8.VIII.76 

R I P S  
Canoose R ~ y s  0,59 (0.39-0.73) 24 (21-29) 6 17.V111.76 
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Table 5. A. Q u a n t ~ t ~ e s  of sand present I n  gravels studled 1 n  the various 
streams r e l a t l v e  t o  tile aedn l e ~ e l s  fo r  a l l  streams studled.  
Nufibers a re  d e r ~ v e d  by d e t e r n l n ~ n g  percentages of sand h ~ g h e r  o r  
lower than level given by regressloo l:ne J n  Fig. 2 f o r  gravel 
of given percent cobble. Megatlve numbers ~ n d i c a t e  less sand, 
h7gher rlunbers ipore, 

8 .  S l n i i a r  f ~ g u r e s  fo r  various study areas I n  the S t .  Crolx 
R ~ v e r  stirdy arezs a re  T ~ s t e d  from most upstream to most 
downstream* Colunn a t  rignr, headed by an asterisk, 1s a 
runnl ng average. 

I .  D i  ydeguash: -7.6 
2. Llaweig: -3.3 
3, Dennis: -1 -2  
4, Tomoyonops: +1.3 
5. Canoose: +I. 1 
6. S t ,  Croix: 1-2-8 
7. Mayayuadav~c: i2.8 
8. Palfrey:  +3,0 
9. WM Mirainichi: t3.3 

Vanceboro 2: i4 .8  

M-rle R I P S :  4 . 3  

Hall" R ~ p s :  t3.9 

Duck P t :  t2.9 

Tyler R I P S :  +3-0 

Scott  S k :  +2,6 

Aibie is  Rips: i 4 . 1  

Rocky Rips: i3.9 

Gravel I s :  +0.3 

Meet~nghouse Rips: +2.5 

Canoose Klps: -1.4 



Taole 6 .  Pern%?abli ~ t y  d ~ s t r ~ o u t ' i o n s  jcm/hO of gravel s I n  the varsous study 
areas .  

S i t e  0-20UO 2-4MU 4-6000 >6000 Geometric mean N Date 

Wawejg 1 
dawelg 2 
Dennis 2 
D e ~ n i s  3 
Uigaeguash 1 
Digdeyuash 2 
Digdeyuash 3 
Loher Pal frey 
Carioose 
NW P11ran:chi 

Pia~agcadavic  2 12 
S t ,  Cro . r~  

h'ariteooro 2 5 
M-ile Rips tc 
Wai1" RRips b 
S c o t t  Bk 15 
Alb ie ' s  Rips 6 
Gravel I s  8 
Meetinghouse Kips 3 
Canoose Rips 1 U 

S t .  Croix Totals (63)  ( 2 2 )  131 (4) 

19,"iIIf,77 
5, IX. 75 
8.'VII .75 
17.IX.75 
9.VII.75 
23.11II.75 
4.1X.75 
24.VlI,75 

lab1 e 7 .  Perrneabii i t i e s  (cm/hr) ,  S sarid and X cobole for  four upstream and 
f i v e  downstream study areas on the S t ,  Croix River. Ratings are  
deterniined as fo r  Tab? e 5 ,  

% Cobble %Sand Sand Permeabi 1 i t y  Study areas 
ra t ing  

5 4 , 2 ( 1 7 )  1 3 , 1 ( 1 7 )  +3,6 600(41) S t .  Groix 
(upstream) 

49,8(14? I 1 , 6 l 1 4 )  41,Y 1745(511 St .  Groix 
i downstream) 



Table 8. Sub-gravel water vel o c i t ~ e s  deterfi~tned (at end of Fry emergence) f o r  
gragels of d ~ f f e r e n t  perfijeabii ~ t l e s  i n  the St .  Croix Rjver. Ranges I n  

parentheses. 

-. -- 
- 

Velocity ( c n i h r j  14 

Table 9. =ercent er,iergence of salmon f ry  froin green eggs planted the previous 
fa1 i a t  garlous study areas I n  the S t *  C r o ~ x  River, Corrected 
?ercent emergence takes ~ n t o  account the ~ncreased  egy m o r t a l ~ t y  l n  
the l d b ~ r d t o r y  I n  1976-77. 

Total no. 
Year Corrected X Mortality of eggs 

S i t e  1915-76 % Emergence Wean % emergence Mean i n  lab  deposited 

Gravel I s  0.2,9.0,13.8 7.7 
Canoose Rips 0 ,1.3, 6.2 2.5 

P l b i e ' s  Rips 0.4,0.2,0.8 0,s 0,5,0.3,1.1 0.7 4500 
Gravel I s  0.8 0.8 1.1 1.1 40 500 
Canoose Rips 1.0,2,3,0 1.1 1.4,3.3,0 1.6 4500 
Vancebora 2 0 yo ,o 0 0 ,O ,0 0 4500 



Table 10, Surn~ary of o b s e r r a t i ~ n s  of natural A t i a n t ~ c  salmon spawning a c t i v i t y  
~n the  various study areas. 

I nci 
P 

Incomplete Complete 
S i t e  Date p i t s  redcis Cofilment s 

Nk! M~ranlichi 8,?;.74 
Gennis 1 3.Xi,34 

Dennis 3 431 -74  
7,%1.74 

31,X.73 
Palfrey 2 G,X1.74 

S t ,  Crolx 
Vanceboro 2 10,XI , i S  
Mile Kips 1.X1.75 
Gravel I s  7.Xi,74 

29.X,75 
5,X1.76 

Meet: rig- 1,Xi,75 
house R ~ p s  

A7b7eis R b s  5,Xi,36 
Canoose Rips 31 ,X,75 

11.XI.75 

0 
I (nearer  balk than areas 

s amp1 ed ) 
i ( p o s s ~ b l e ,  somewhat 

~ n d ~ s t l n c t j  
I (several enreryent f r y  I n  

d e p r e s s ~ o ~  on upstream 
end of redo) 

( 3  others ju s t  downstream 
of s tudy  area) 

(verj large  redd, I n  
s trongesr current )  

( a  lo t  of attempted 
d igg ing  by sniail f i s h ,  
presumably by brook 
t rout-none apparently 
complete) 

7-10 completed redds up- 
stream of R o ~ x  Rd. 

( i n d i s t i n c t ,  run 
together)  

(50 finished (landlocked) 
redds i n  30 m s t r e t ch )  
(approx, 40 f inished redds 
i n  30 m s t r e t c h )  

2 (land1 ocked salmon) 
4 (landlocked salmon) 
0 
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2-11. Maps of i n d i v i d u a l  s t reams s t u d i e d .  Numbers and a s t e r i s k s  i n d i c a t e  s tudy a r e a s  
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2-li, Maps or" individual streams studied. Numbers and asterisks 
indicate study areas, 
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2-11. Naps of i n d i v i d u a l  s t r e a m  s t u d i e d .  Numbers and a s t e r i s k s  
i n d i c a t e  s t u d y  a r e a s .  
















