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Abstract

The g|r  inar ior  r .sponses ol  lour seed r)opulal iors o l  carct  lnght i ,  an abund{nt  sedge sp. . ies in lh.  interr idal  ashs

of  lh;  paci f ic  Northwesr,  , "cn rrur l i . r t  in  re lar ion ro sal in i r ! .  cerminat ion only occuned in lo$ sal in i l r  .ondi t ions lo l lowing

arr . r  r ipening.  Pfe gerrLi rat ion expo'ure ro h igh-sal in i r r  ( :0 ppt)cordi t ions Pfo, lu.ed dj f fcrcnt ia l  responses in lhc tour poPula '

t ;on. .  , t .g" ,"nror t , , i ,  , , t  germir{ t ion pe.cfr tage 5)  pr . ,germinat ion elposutu to h igh sal i r r t l  ocor.ed onlr  in s€ed polu lat ions

*hich r .c: rc erpmei l  ro h igh s. l ; . i t r '  coDdir ions in r l ic  f ie l r l  pr ior  to spr ing g.nninr t ion No chargc in the sPeed ol  g€rninat ion

*as ob-. tncd as r  rcsLr l t  of  erposure ro !ar iable s! l ;n i t '  levels pr ior  ro gcrd 'nat ton

lntroduction

Carex lynghyei is a clonal, perennial sedgc that

u '  r - u p i e :  r  d o n r i n u r r l  P n . i l i o r r  i n  c . t u a r i n r

marshes frorn northern Cali lornia to Alaska (NIac-

Donald 197?). l t  is abundant over a broad sal init l

gradient, from oi igohalinc to mesohaline, and

over a *ide elo.at ional range (Jcfferson l9?5,

Disrael i  and Fonda l9?9, Hurtchinson 1982,

Ewing l9B3). Whereas thc wide biogeographic

range of a species such as C l1zgb1'ei mar simpll

rcf lect thc avai labi l i ty and accessibi l i ty (r io

oceanic dispersal) of suitable habitats, i ts

ccological ampli tude mav indicate lhe extent of

genetic divergcrlce $ithin the spccies Divcrgence

mal be visibl l  enprcssed bv morphological dif-

ferentiat ion, or remain vei led, nith intraspecif ic

variat ion restr icted to phlsiological lraits. Bi-

modali t .r 'of height forrns (akin to thc rvel l  knorvn

case ol Spart ina alteraiforo Loisel,  dominant in

the Atlantic marshes of North Amcrica [Ander-

son and Treshou l9B0l) has been describcd in

C. Iyngbyei populat ions from several locations

(Eilers 19?5, Jefferson l9?5, Lerings and Moody

1976, Ering I9B2), bul nothing is knol 'n o[ the

phlsiological loleranccs o1 thc specrcs or rts

sutrpopulat ions.
The most i ' \ , idely-cramincd, ancl l ike11 most

adaptivel l  sigrt i [ icant, variable phlsiological trait

betreen and uithin mirr i t ime plant species is salt-

tolerance. Paradoxical l , l ,  sceds of most haloplt . ' - t ic

planls germiiate best under freshwater condi-

t i ons  a rd  a t  sa l i n i t i es  bc lo r ' 5  pp t  Ge rm i l a t i on

is reduced and delaled at sal ini t ics above l0 ppt,

and at sal ini t l  leyels equiralent to thosc of sea-

vater (36 ppl) germinirt ion is ncgl igiblt ,  cven for

highl,r salt-tolerant species (Ungar l9B2). There'

fore, haiophytes do not dif fcr markedlv from

glvcoph,vtes in their tolerance to sal initY during

germination. A rnore notable dif ferentiat ing

characterist ic of halophvtes is their abi l i ty to re-

main dormant at high sal init ies (rvhcn irnmerscd

in seavater for instance), ancl then germinate

\ \  h ' n  . o rd i l i un !  am. l i , - , r a te .  I n . r dd i t i on .  c rp " -

sure to high sal init l  condit ions serves to enhance

germinal ion percentages and germination spced

in some halophytes (Binet 1964, 1965; Boorman

1967; Lesko and Walkcr 1969; Ungar and Hogan

l9?0; Ignaciuk and Lee l9B0).

lntraspecif ic variat ion in salt  tolcrance of ger-

minating secds has been reported fbr several

halophytic plants (McNIi lJan 1959; Weils 1959;

Dewey 1960; Cavers and Harper 1967; Workman

and West 1967, 19691 Clarke and West 1969;

Seneca l9?2; Bazzaz l9?3; Kingsbtttv et al.1976'

Antl f inger lgBl).  Houever, none of thcse studics

deal direct ly with tolerance of, and response to,

sal inity condit ions during the seed dormanct

phase. Differentiat ion within a populat ion lbr sait

lolerance t 'ould l ikel--v be most markecl in

cstuarinc intert idal species such as C. l lngbyei,

as esluarine habitats crperience much more

variable sal init l  regines ( in space and t ime)than

other c0astal en\ ironmcnts.

In this and subsequent papers ue proposc to

address the degree of ecotlpic variat ion in C

lyng6yel. This studr adclresses a single question:

to what cxtent i-s the rate irrtd speed of germina_

tictn in C. lyngbyei populalions a function of arn-

bient sal init ics t lur ing seed dormanr: l  and the

gerrnination phase?
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Materials and Methods

F e1d S tes

Carer lngbrci plant rnatcrial i!as collected from
fou r  s i t es  i n  t he  es tua r i ne  n ra rs r r t . s  o r
southwestern Brit ish Columbia (Figure l) .  The
j i t p s  r c n r c s , n l  r o n r r a . l i r r g  / : t u i l r i n r  p , t -
v i r onmen ts  r v i t h  d i s t i nc t i ve  an rua l  r l r e r
d i s c h a r g '  a n d  . a l i n i r l  r e g i m e . .  T n '  . i r " .  * . r ' ,
located on thc Squamish River delta, si tuatc{l  at
the head of a complex cstuarine-f jord. The moun,
tainous character of much of the Squamish
drainage basin produces a discharge regime ri th
a pronounced summer maximum result ing fronr
snorvmelt (Figure 2). In con,"equcnce, surface
sal init ies in the estuary during the summer
months dre much reduced (Figure 3). The
magnitude of the seasonal lar iat ion across the
delta f iont depcnds upon distancc from the ac-
t ive distr ibutarl  and the estuarinc circulat ion pat-
tern. Levings et al,  ( I9i6) prescnt data lhat
demonslrate that surface sai inity in thc central
part of the dclta remains elevarcd (15-20 ppt)
throughout thc ninter and decl incs rapidlv in late
sp r i ng  t o  <5  pp t .

Thc Somass River delta is the bav-head delta
of the iong, narrou f jord knoun as Alberni In-
let.  The Somass Rivcr is not primari lv snov-fed,
and i ts annual dischargc regime more nearlr
p r r J i l e l -  l h .  r r n r r u a l  l , r " r i p i r a r i u n  p a l t e r n .  $ i r i r

a mid-winter maxlmum and latr,r sunrmer
minimum (Figure 2). Sal initv observation-q
published by Tul lv et ol (1957), Waldichuk er al
(1969) and Parker and Sibert (1972) indicate thar
the surface waters of Alberni Inict rernain
brackish for a considcrable distance from the
delta front, general iy remaining beiorv l0 ppr
throughout the vear nithin 3 km of the r iver
mouth. Birrwt ' i l  (1978, and unpublished dara)pro-
vides comparative infbrmation on sal initv r.aria,
l i o r  a . r o - .  t h c  d e l l a  l r o n t ( F i g u r e  3 h r .  H i s  r e - u l r .
demonstrate that fresh$ater (<0.5 ppt) condi-
t ions persist at the nouth of the Somass River
for much of the obsen'at ion period, whilst ol igo-
hai ine condit ions ( ( 5 ppt) are maintained in the
naters of Shoemaker Bav. During this t ime in-
terval surface sal init ies i I I  the \, testern estuarv
$ " re  . im i i a r  r o  rh . , . e  a t  Hu lm  l - l an , i ,  f o r  , , h i ,  h
a more e\tensive data record exists (Waldichuk
et al.  1969). These latter data indicate rhar sal in-
i ty variat ions throughout the vear are nuch more
uniform than thosc for the Squamish River estu-
ary, r l i th a maximum in iate summer and earlr
fal l .

Plant material

Seeds of C Lyngbyei werc col lected in August
l9B3 from t$o populat ions in each delta rep-
resenting the fresh and sal ine extremes of the

Fieure l. Location of the study sires, seed collection areas, and siles of salinirv measuremenr.

' l 'he 
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!  igure 2. Nrlean morthlr dist harges for the Squaoish and
Son $ Ri!ets. (Source: Enrironment Canada 1983;
data Ior the Squanish-Cheakamus and Sonrass'
Sproat grugitg srarions.)

delta-front sal inity gradient. At Site I  (Squamish,
"sal ine") we col lected 200 seedheads of C

lyngblei sampled over an area of 1000 m' in a

virtual l-y monospecif ic stand ol C. lyngbyei

F l o r r ,  r i n g  . h u o l :  r ' " r n  r e l a t r r c l r  i n f r e q u e n l  i n

this salt-stressed habitat,  and some 50 pcrcent

of thc seeds had been eaten bJ Lepidr-rptera lar-

vae. Sitc 2 (Squamish, "fresh") was an 800 m'

i - " l a ted  p . r t ch  n l  ma r .h  bu rde r i r r q  I he  ma  i n  r i r e r

channel. C Lyngbyei uas domif lant (?0 percent

cover), r  i th an adnrixtrrc of ELeocharis palustr is

(L.) R. & S. antl  Juncus spp. Onc hundrcd and

fi f ty seedheads uere col lccted ovcr the entlre

marsh area. Secd production levcls were higher,

but predation levels rvere equivalent lo thosc at

S i t e  l .
Sirc 3 (Somass, "sal ire") vas locatt 'd in thc

marsh arca adjaccnt to Shoemaker Ba--v The

vegetation here r\ 'as more diverse than at an"t of

the other sitcsi C. lyngblei.  accounted for -60

perccnt covcr. A total ol 160 seedheads were

harvestccl over an area of 500 m'. Site 4 (Somass,
"frcsh"), located on the \re-r l  bank of the Somass

R i r . r  '  h r r r n ,  l ,  " a -  ' i t u a ' ' ' l  i n  d n  '  \ l e n ' i t '

. " - -

I  seed sermrnorion

0
J  F  M  A M  J  J  A  S  O  N  D

Mon'th

Fisure 3.  Annual  sal in i l l  regines for  the a)  Squamish and

b) Somass estLrar ies.  D! ta lor  the SqLramish estuarv

are taken f rorn Ler ings c l  at  (19?6) and rhosc lor

the Somass f rom S ald ichuk et  a l  (1969) and Bnt

wel l (19;8 and urpublnhed data)  Sire lo.at ions { tc
markcd nr  Figurc I  Per io l ls  ofseed id and seed

gefminat ion d.c indicaled.

C. lyngbyei  stand wi th occasional  Patches of

Scirupus acutus Muhl. Some 150 seedheads were
collected from this localit-v over an area of 1000
tl;''.

Germ nat on exper ments

All C. l tngbl 'el  seeds n'cre cleancd, r insed in un'

, l i l r - r l ed  "C lo r " r "  f o r  app ru r ima t "h  o r re  m inu l c .

and stored dry for 2-3 days. Al l  germination tests

\{erc irade in l0 cm Petr i  dishcs on tvo sheets

of l fhatman No. I  f i l tcr paper moistencd l i th

5 ml of solut ion. Fif t ,v seeds l 'ere placed in an

ordered arraf in each dish. Four rcpl icate dishes

werc used per populat ioD. Dishes ere inspected

ever1 3 days and any water loss corrccted b1'add-

ing tapwater to the dishes. Cernination (defined

! Hord l.
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as emergence of the radicle or plumule, l las
counted and sced rcmovetl  cvt 'ry 3 days unti l  day
12, then every 7 da_vs. Solut ions were produced
by adding tapwater to seawater obtained frorn
Burrard Inlet.  Sal init ies rere checked using a Y-
S.l  sal inometer.

Thc sal inity pretrcatmont comprisod storage
o f  t h e  s e . d .  i n  0  p p t  a n d  2 0  I ' p t  . a l i n i l \  h a l p r
in the dark for 100 dars at 5oC ,t  2oC. Seeds
were then germinated at thrce sai inity lcr.cls (0,
10, 20 ppt) in growth cabinets set on a 12 h
photoperiod and 1?ol8o therrnoperiot i .  Light in
the cabincts rvas supplied bv "cooi-vhite"

f l uo rescen t  t ubes  p roduc ing  -1200  W m 'a t
plant height.

In a further experirnent. 1' |e attempted to ger-
m ina te  seeds  a t  f i ve  sa l i n i t y  l eve l s  (0 ,  5 ,  10 ,  15 ,
20 ppt) rvi thout pretrealment.

The germination data were transforned to
thp  a r . 5 i r  - l ua re  ru . t  o f  t l r .  gc rn r i r r a t i on  1 , r r ,  nn -

tage to stabi l ize the l .ariance. ' fhe transforrned
data $ere subjecled to hierarchical analysis trf
variance fol loned by Student-Newman-Keuls 

"a

posteriori" mult iple range tests. NIean trr l le lo
germination (T) vas calculated using the formula
given by Ignaciuk and Lee (1980):

T :  T D N I I N

r r h e r e  \  i -  t h e  r r u r n l ' e r  6 l  5 e e d :  g e r m i r r a t i n g  i r r
thc inlrn al belveen the previous count and day
D.

Besults and Discussion

None  o f  t he  seeds  i n  t he  expe r imen t  { i t hou t  seed
pretrcatmcnt gcrminated. Seeds of C. 112961-ei,
l ike those of al l  i ts tenperate congeners
(AnJn r . '  n  l q68 ) .  JnJ  mu . r  u l he r  l cn rpp r i i l ,  m r r i -
t inre plants, require after-r ipening in order to
germiDate.

I n  t he  s t ra t i f i ca t i on -sa l iD i t v  p re t rea tn teD t
cxpcrimcnt no germination was observed at
sa l i n i t v  l e re l s  o f  10  pp t  o r  above ,  and  gc rm ina -
t ion pcrrcntages in al l  f ieshrsater treatments
were less than 20 percent (! ' igure ,1a). fhe
ANOVA reveals signi l icanl dif fcrcnces Lrctrvecn
drltas, si tes ancl pretr-eatments in terms of the
magnitude of gerrninai ion in fre-qhl 'ater. Immer-
sion in a 20 ppt -qolut ion signif icantlv reduced
the  ge rm ina t i on  pe f cen lage  o f  sceds  f r o rn  S i t c
2 and signif icantl l  increased the germination
percentage of seeds lrrrnr Site I  compirrcd to
freshwaler immersion.
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Figore  .1 .  a )  I fean gcnn innr io .  t c rcc . tagc !  in  f resh  {x rer  and
b)  rneaD gern ina t io r  r ; r rc  in  l rc lh  sa tc f  lo .  seeds
from lour poprrlations ol C 4asr_i"t lollo{ins after
r ipen ins  in  f r .3h  (0  p t r )  o r  s l l inc  (20  pp0 Nate . .

In contrast, immcrsion in freshwater for an ex-
tended period of t ime produced no signif icant
dif ferences between seed populat ions in terms of

€ { " rn r i na l i o t r  l e r , r . r l agc .  l l ' r r n  t imp  l u  gp rm i ' r a -
t ion (Figure 4b) vas also uni lbrm l irr  al l  seed
populat lons.

Although C l lngbyei seeds apparentl t  ger-
rninate onlv in condit ions of reduced salt  strcss,
l h e r c  i .  d  - r r o n s  i n l r a - l c . i l i '  r a r i r r l i u n  i n  g " r .
nination rcsponse to antccedent condit ions. I f
sal ini t_-v ler.els are lo$ during the phase of irrDir le
dormanc;-, al l  of the seed populat ions exhibit
similar gcrmination responses. Howeler, i f  sal in-
i ty lelels are high (20 ppt) during dormancy, ger-
minal ion pcrccntagcs mar be augmented, re-
duced or remain unchanged. The responsc cor-
responds  t o  t he  cha rac te r i s t i c  sa l i n i t v  r cg imc  o f
the seed provcnucc. Thus in tho environs of Site
l,  seawater-di-spersed seeds derived from the local
populat ion clearl . t-  har.e an adr.antage over those
(such as seeds from Site 2) r, ;hich are inhibited
bv exposure to sea\!aler.

The Effect of Antececlcnt ard Ambicnt Sal initr  Levels on Seed Germination 39



Dcltas

Euor

5.83 0.0175

5.09 0.00116

6.9',1 0.0001

33.91 0.0000

T. \BLE l .  , {na lys is  o l  var ian .c  o f  perc .n tage g . rmina t ion

(ar.sin r.ansfonrcd)of a'. f?gbl.t -'eed fron tour

popu la t ions  in  l$o  de l ts !  as  a  tun . t ion  o l  an lece-

den l  and anb ien l  sa l in i t - r '

l l ean  Square  F  rx t io

decl ines lry an order of magnitude ai al l  test si tes.

Emergence of C. lygl4'ei seecll,ings maY coincide

rvith periods of hear-r rain during this period; this

ser\es to reducc interst i t ial  sal ini t ,r  st i l l  further'

Local dif ferentiat ion of wind'pol l inated plant

"pe ,  i r -  - u .h  a -  C .  l t npb l " i  du . '  nu r  r e ' l u i r e

geographic discontinuit ,"-.  [ 'h1sio]ogical and mor-

phological microdifferentiat ion has bcen ob-

served in self- incompatible rvind-pol l inatcd

species over much shorter distanccs than those

examined here (Jain and Bradshat l966,

Si lander and Antonovics l9?9) Such microdif-

[ ' r en l i d l i on  i n '  l ude - . " l ec t i nn  r l  l he  gc r rn i na l i on

stage for salt  rolerant biotypes (e g Cavcrs and

Harper 1967); clearly thcre ma,v be selcct ion for

tolerance of sal ini tv condit iots antecedent to ger_

mination as wcl l .
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I

12

0.02;6

a.0242

0.0331

0.1609

0.001?

Gcrmination in winter and spring in the f icld

is probabLl inhibitcd b,v low temperatrrres in al l

C. lyngbyei populat ions; the size of the gcr-

minating seedbank rna-v be primari lv a tunction

crf am[rient and antececlent sal inity. Scedling

emergence takes pLacc in thc f ield from March

to NIav (Hutchinson, unpublished data), during

1|hich t ime the sal inity of the inundatir lel  watcr
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