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Abstract
Total or partial renoval of dykes (terned breaching) to allow re-enrry of ridal warer is being used in sorne areas alo.g rhe
Briiish Coiumbia coasl to enhance preiously dyked narshland for fish and waterfowl. To assess rhe ear€nt of habirar chans€
follo{ing dy}e breaching at the Kokish River tidal narsh on north€asrern Vancouver Island. r€ eriamined veqetation and s;il
conditions before and fifteen nonlhs afier the dlke was breached. A lov saiinity undyked area of the Kok6h narsh ra, used
as a ".onlro1" lo assess the impact of the breaching on the more saline dyked area's vegerarion and soils. Lirtle breachine
related change was observed in the cover and frequency of nost plant species, and in the soil saliniry and organic conteni
which temained high in the dyked area. Small changes in the main plant communities were detect€d by multirariare analysis,
the largest change occurring in a dyled area plant conmunity {here Caret lyngbyei, a desired fish habitar species, increased
noticeably fojlowing lhe breaching. The breach allows low saliniiy river water (ca. 2 ppt) to enter the dyked area, bur nor until
a considerable amount of seawater {ca. 22 ppo has already entered 6rough an exisring opening in the seawa.d secrion of the
dyke These resulrs sugg€s! lhat some coaslal marsh plants (e.g. Czlen lyng6l€, are sensirive ro small changes in habitar condi-
tiors following dyle breaching. Greater changes in planr conmunities would require more subsranrial habirar change than
was observed ar rh€ Kolish.

Introduction

In the early days of Brit ish Columbia's coastal
se l t lement .  d lke  bu i ld ing  nas  a  major  ac t i v i t y .
Dykes were built to exclude sea water from
pastures and cultivated fields, for causeways to
permit transportation over waterlogged lands,
and to prevent f looding in areas used for the
storage and handling of logs (R,A. Hunter and
L. E. Jones pers. comm.). Recently, with increased
avareness of the need for suitable fish and water-
fowl habitat, some dykes are being considered
for total or partial removal (termed breaching).
The aim of such an undertaking would be to
restore previouslv dyked rnarshland to intertidal
habitat thus increasing the area available to
juvenile anadromids en route to the sea and
augmenting natural food sources for waterfowl.

Litt le published information exists on the ef-
fects of dyking and dyke breaching in marshlands
along the northern Pacific coast of North Arner-
ica. Taylor (1983) concluded that dyking led to
vegetation change and land subsidence at a coast-
al site in Oregon. Bradfield and Campbell (1986)
described different plant communities in adja-
cent dyked and undyked portions of two northern
Vancouver Island marshes. Mitchell (1982) and
Dawe and McTntosh (1987)  no ted  rcgeta t ion
changes within one year following sea,dyke
breaching, including modality of salt intolerant
upland species, and the appearance ofnewly col-
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onizing halophytes. A pre-restoration study of a
dyked area which will be converted to estuarine
intertidal habitat has been reported by Dawe and
Jones (1986).

Previous studies ar the Kokish marsh on
northeastern Vancouver Island have proposed
vegetation classifications for habitat inventory
(Jones 1982, Kennedy 1982, Campbell l986). The
classifications are all sirnilar, stressing different
levels of detail in the marsh vegetation. The
classification established by Campbell (1986) is
used in this paper. Wayne (pers. comm.) dis-
cussed various rehabil itation options for the
Kokish estuary in connection with salmon
enhancement. Bradfield and Campbell (1986)
reported stronger correlations between vege-
tation pattems and elevation gradients in the un-
dyked than in the dyked portion of the Kokish
marsh.

This paper describes the vegetation changes
occurring by the second growing season follow-
ing dyke breaching at the Kokish marsh. The ob-
jective of the dyke breaching was to allow river
water to re-enter a dyked, saline area, thereby
lowering salinity levels and expanding the habitat
available for juvenile salmon. Our role in the
resloration project was purely observational; the
planning and implementation of the dyke breach-
ing were part of a co-operative agreement be-
tween Fisheries and Oceans Canada and Cana-
dian Forest Products Ltd. We used a multivariate



analytical approach to determine the extent of
vegetation change: comparison of the main plant
communities using data from pre- and post-
breaching surveys in adjacent dyked and un-
dyked ponions of the Kokish marsh permitted
the assessment of vegetation change due to dyke
bieaching.

Study Area

The Kokish River estuary is located in Beaver
Cove, ca. 15 kn south of Port McNeill on the
northeastern coast of Vancouver Island (Figure
l). The Kokish estuary has developed on fluvial-
f luvioglacial sediments and volcanically derived
bedrock (Howes l98l). The climate is mild, with
an average yearly air temperature of 8.5oC
(average maxirnum temperature of 11.6'C;
average minimum temperature of 5.4oC). The
average annual precipitation is 1555 mm, 95 per-
cent of which falls as rain (Anonymous l98la).
Monthly clirnate data during the study period
1984-1986 are given in Table 1.

TABLf, l. Meteorological dara for the Kolish narsh dudns
the period of study.

TolalPr€cip i tat ion MeanTemperature
(--) fc)

Month 1984 t985 1986 1984 1985 1986

which has permitted regular f looding of the
dyked area by seawater (Figure l). The rail l ine
has since been removed, and part of the dyke is
now used for burning wood debris. The only
freshwater input into the dyked area before l9B5
was from precipitation and a few small creeks.

Prior to the dyke breaching, the plant com-
munities in the dyked and undyked areas were
very different (Bradfield and Carnpbell 1986). In
addition, the biomass of the dyked area was clear-
ly lower than that of the undyked area. The dyke
wa"  b reached I9  Apr i l  1985.  a l low ing  r i rp r  $a ter
to enter the dyked area on a rising tide. The
original seaward channel was left open, however,
to allow tidal water to flo$ through both open-
ings. It was predicted that the soil salinity of the
dyked area would eventually decline, thus leading
to greater productivity and a change in the vege-
tation from species s:uch as Salicornia tirginica'
and Triglochin maritimum, to more desirable
species from a fisheries perspective such as Carer
lyngbyei.

Methods

Field work

The Kokish marsh vegetation was surveyed in Ju-
ly 1984 (nine months before the dyke vas
breached), and again in July 1986 (fifteen months
after the dyke was breached). In July 1984, 214
0.25 m2 quadrats were surveyed along tB
transects: l0 transects (126 quadrats) in the dyked
area and 8 transects (88 quadrats) in the undyked
area. Transect length ranged from l0 rn to 145
m. The transects were subjectively placed in
order to sample the entire elevation range and
vegetation diversiry (Figure l). Quadrats were
placed every 5 m along the transects, and, within
each quadrat, the cover of each vascular plant
species was subjectively estimated using a modi-
fied Braun-Blanquet cover/abundance scale (l =
<57o;2  =  5-25%;3 =  26-50%;4 =  5 l -757o;
5  -  76- l00do) .  Th is  me lhod o f  r .o rc rage es t ima-
tion is not suitable for detailed studies on sepa-
rate species, but is appropriate in vegetation
surveys of large areas, such as ours, where con-
straints imposed by time and using different
obseners to record the data must be taken into
account. The elevations of all quadrats above
chart datum also were determined for the

rNonenclature follo{s Hitchcock and Cronquist (19?3).
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January 247.4 95.0 369.0
February 160.0 158.7 85.5
March 81.0 92.6 168.1
Apri l  117.0 125.3 114.9
Muy 120.4 45.5 142.A
June 52.3 56.1 92.4
July 59.5 7.1 4L8
Augusr 113.7 20.6 1.2
S€prenbe. 118.9 46.0 103.8
October 262.t 235.5 19A.8
NoY€nber 201.5 76.4 375.3
Decenber 185.4 92.0 2t3.4

4.8 4.7 5.4
5.8 3.6 3.3
7.6 5.0 7.2
7.4 6.5 6.9
9.0 r0.0 9.9

11 .6  I 1 .9  I 2 .0
I3.9 14.8 14.0
t4.1 13.7 14.7
11 .7  1 t . 3  I 2 . I
7.9 7.9 | .4
4.5 0.3 5.9
t.7 3.4 5.0

Anonymous, 1984-1986.

A dyke bisecting the Kokish marsh was con-
structed during the early 1900's to facil i tate log
handling in the area. In the early 1940's, Cana-
dian Forest Products Ltd. (Canfor) acquired lease
to the site, and in 1954 a rail l ine was installed
a long the  dyke ' l i th  a  t res t le  b r idge spann ing  a
narrow channel in the seaward section of the dyke
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Figure l Map of the Kolish marsh shorving rhe najo. plani communities and locations of transects used in the vegelation

su.vers. The undlked area lies to the norrh of the dykei the dyked area lies to the souih. Nunbers denote plant

c o r n m u n i t i e s d e s c r i b e d i n T a b l € 2 . o t h e r m a p s y n b o l s : B a ( b a ) ' C r G r e e k ) ' D ( d v k e ) ' F ( f o r e s t ) , F l ( m u d f l a r ' R d

Goad), Sh Ghrub), C (orisinal channel through searard section of dyke), Br (breach opening c.eated l9 April 1985).

Campbell and Bradfield



purpose of relating vegetation pattern to tidal
gradients. Additionally, 24 soil samples were ran-
domly collected in the main plant communities
recognized in the field (16 samples in the dyked
area and 8 samples in the undyked area). A fur-
ther 28 soil samples (10 dyked, lB undyked) were
collected during a brief visit to the Kokish marsh
in July 1985.

In July 1986, exactly two years after the ini-
t ial survey, the vegetation of the Kokish marsh
was resampled. The original transects were re-
located using air photos,35 mm slides, and
marker stakes remaining from the 1984 survey.

Quadrats were placed along the transects as close
as possible to thei original locations. As in 1984,
species cover was estimated using a S-class cov-
erage scale; however, the eslimates were made
by a different observer in 1986.

Water salinity measurements were periodical-
ly taken using an American Optical rehactometer
during a rising tide on 22 July 1986, to assess
the salinity of the vater entering the dyked area.

Thirty-two soil samples were collected in
1986: 14 in the dyked area and lB in rhe undyked
area. The 84 soil samples from 1984, 1985, and
1986 were analysed for percenl organic matter
by the loss on ignition method (Hesse l97l), and
for electrical conductivity using the method de-
scribed in the University of Brit ish Columbia
Pedology Laboratory manual (Anonymous l98lb).

Data analysis

The plant community classification for the
Kokish marsh described by Campbell (1986) was
used in the assessment of vegetation change.
Communities were originally defined subjectively
by aerial photograph interpretation immediate-
ly following transect sanpling in the field. Subse-
quent investigation with multivariate analysis of
variance demonstrated that the communities ex-
plained high proportions ofvariance in the field
data, and thus could be used as valid units for
further study (Bradfield and Campbell 1986).
Plant comrnunity changes were examined directly
by comparing species cover and frequency data
from the l9B4 and l986 transect surveys, and in-
directly by using principal components analysis
(PCA)  to  d isp la l  changes in  the  mul l i ra r ia le  pa t -
tern of the vegetation over the two year period.
PCA is an appropriate technique for our purpose
(i.e, to describe changes in groups); we did not

attempt an environmental interpretation of the
PCA axes. In the PCA's the species cover class
data were treated as being continuous, quan-
titative variables. The results are similar to those
from PCA of logrs transformed percent coverage
data. Two separate PCA's were performed for the
dyked and undyked areas using both the 1984
and 1986 coverage class data to assess within-
area changes. PCA's were run using both
presence-absence and quantitative (cover class)
data but community changes were detected only
using the cover class data. Ninety-five pe.cent
confidence ell ipses for communities, calculated
by the method of Owen and Chmielewski (1985),
assisted in the visual assessment of the degree
of change in communities that had occurred. To
further examine the extent of overall change in
the vegetation, iIIespective of communities, four
additional PCA's were performed, one for each
combination of area (dyked or undyked), and year
(1984 or 1986). Pearson correlation coefficients
calculated between the l9B4 and l986 PCA axis
scores for the separate areas were then examined
based on the rationale that the area showing the
greatest vegetation change would have lower cor-
relations between PCA axes.

Results and Discussion

Community Change

Data permitting a detailed comparison of the ma-
jor plant communities in l9B4 and 1986 are given
in Table 2. Most species increased in both fre-
quency and cover over the two year pe od. These
changes occurred in both the undyked and dyked
areas and therefore reflect general expansion of
populations within the marsh unrelated to dyke
breaching. Nevertheless, a substantial increase
in Carez Lyngbyei, an impo ant species from a
fisheries perspective, occurred following breach-
ing in dyked community 4 (Table 2b), with no
corresponding increase in the undyked commu-
nity, suggesting that this species was favoured
by the dyke breaching.

The PCA ordinations i l lustrating the degree
of change in communities are shown in Figure 2.
Based on a visual assessment of these graphs, the
ex ten l  o f  change in  the  undyked area  r -ommuni -
ties (Figure 2 a & b) appears no less than that
in the dyked area communities (Figure 2 c & d);
thus, the dyke breachingper se appears to have
had ninimal short-term impact on the vegetation.

Vegetation Change After Dyke Breaching 3l



TABLE 2: P€rcent frequency lF) and mean coverag€ classes (C) of pronineni' species in rhe nain plant communities recog-

nized at the Kokish nareh before (1984) and afi€r (1986) dyke breaching occurred. Range of cover classes shown

in parenthesis. Numbers on the left refer to plant conmunities sho{n in Figur€s 1 and 2.

a)  Undyked area  commrn i t ies b) Dyked area conmunities1986 l9B6

t. Corex 4ngbyei
s. E\mus nolLis

Potentilla paciJ;.ca
T.doliun MmskjoLdii
Ea.deun bruchrantherun
Desclranpsia cespitusa
Agrostis alba

6. Carez lyghyei
Desclnnpsia cespitosa

PotentiLla pacifca
1. Deschanpsia cespitosa

PatuntiLla pacifca
Ho leun b/dchyant l rcrun
Caret lflgbyei
TriftLiun uornskjotdii
Aetusti albd

B. Deschanpsia cespitosa

Achillea niLlefoliun
Potentilla pacif.ca

hifo|un uornsljotd.ii
Plantogo macrocarya
E or de u n b r ac hyant he run
Steltaria humifusa
Maianthenun dilatatun
ConioseLinum pacifcun
Aster subspicatus

Herucleum lauatum
Sisriincltiulr'

Cud bnsbyei

L Caret lyngbyei
2. Salicornia *giniea

Triglochin naritimun

Platutago matitina
Puccinelka pumilo
S p e r gular ia canade nsis

3. TtigLochin naritinun
Caret lygbyei

Saicornia xnginica
Puccinellia punila
Ste rtia hunifusa
Pkfttago natitina
Deschanpsia cespitost
Hor d.eum b rachynthe rum
Speryulario .dnadenris

4. Ho .eum btu htanthetun

Deschatupsia cespitosa
PotentilLa pacifica
StelLaria humifusa
TrieLochin matitinum

Plontago moritima

SoLico/nia tnsinica
Puccinellia punila

Carer Llngbyei
s. Elmus notus

Eo r d.e un b rachyanthe r un
Deschanpsia cespitosa

niebchin ndtitinun

Salicornia irginica
Plantago naritind
PotentiLk pdcilica
Puccinellia punih

Ste atia hunifusa
SperyuLd/id cdnddensis
C o c hte aria off.cinatis
Sonclu uhsinosus

100 2.7 (r.4)
100 5.0 (s-s)
r00 3.0 (3,3)
?5 3.0 (3-3)
25 0.7 {0,1)

" ,.a to-nl
88 2.2 (0-4)
61 r.6 (0-4)

r00 3.8 (3-5)
100 3.3 (2.4)
75 r.3 (0-3)
2s 0.3 io-r)

100 3.2 (l-5)
9s r.s (0-3)
89 2.6 (0-4)
89 2.1 10,4)
84 0.9 (0.2)
79 1.6 (0-3)
s3 l.s (0-s)
32 0.4 (0-2)
32 0.4 i0,3)
21 0.4 (0-3)
16 0.2 (0-l)
16 0.2 (0-2)
16 0.2 (0.2)
11 0.2 (0-2)

l l  0.1 (0,1)
lr  0.r (0-1)
s 0.1 (0-l)

100 2.7 (1-s)
100 5.0 (s.5)
r00 3.? (3.5)
100 2.7 (2.3)
2s 2.0 (0.3)
25 2.3 {0-5)
2s 0.7 (0,2)
96 3.3 (0-5)
96 3.2 (0-5)
77 2.1 (0-s)

r00 5.0 (s.s)
I00 3.5 (1,5)
100 2.3 (2-3)
25 0.5 (0,2)
2s 0.5 (0-2)
25 0.3 (0-l)

100 4.6 (2-5)
100 4.0 (2,5)
?? 3.3 (0-5)

r00 3.4 ( l-s)
86 r.7 (0,4)
?3 1.8 (0-4)
23 0.9 (0.5)
27 0.6 (0-3)
14 0.3 (0.2)
l1 0.3 (0-2)
23 0.3 (0,2)
14 0.4 (0-3)
23 0.9 (0-s)

s 0.1 (0-r)
s 0.1 (0.2)

l8 0.2 (0.2)

100 4.3 (2-s)
78 2.2 (0-s)
64 1.4 (0-4)
31 0.4 (0-2)
22 0.4 (0-3)
22 0.4 (0.4)
22 0.2 (0.r)
97 2.2 (0.4)
94 3.2 (0-5)
53 0.6 (0,2)
44 0.8 (0-4)
31 0.3 (0 2)
39 0.6 10-3)
2B 0.6 (0,4)
r? 0.3 (0-4)
14 0.210.2)
11 0.2 (0-3)
84 2.1 (0-5)
61 1.3 (0-4)
55 1.7 (0-s)
s2 r.2 (0-4)
s2 0.8 (0-4)
42 0.8 (0-3)
39 0.s (0-2)
39 0.? (0-3)
32 0.3 (0-1)
23 0.4 (0-4)
19 0.3 (0-3)
r0 0.1 (0.r)
6 0.1 (0,1)

89 3.9 (0,5)
33 0.6 (0,3)
33 l .r  (0,4)
33 0.3 (0,D
22 0.3 (0-2)
ll 0.6 (0.s)
l l  0.1 (0-l)
ll 0.2 (0.2)
n 0.3 (0-3)
l l  0.1 (0-r)
l l 0.2 (0-2)
l1 0.r (0-r)

100 s.0 (s-s)
71 2.3 (0,5)
69 1.8 (0-5)
sr r.3 (0,s)
9 0.2 (0.3)

46 1.5 (0-s)
5? 1.1 (0-3)

100 2.6 ( l-5)
96 3.5 (0-5)
54 r.r (0,3)
50 r.0 (0-5)
s0 r.s (0,5)
46 r.l (0-4)
39 0.8 (0-4)
ll 0.3 (0-3)
14 0.4 (0-5)
39 0.7 (o-5)
85 2.5 (0.5)
63 2.2l\ .s)
61 2.4 (0.5)
63 2.0 (0,s)
71 2.3 (0-s)
?r r.9 (0-4)
sl 1.1 (0-4)
s4 1.1 (0-4)
l? 0.3 (0.2)
15 0.3 (0-4)
r? 0.6 (0-5)
5 0.r (0-2)

49 r.6 (0-s)
100 4.1 (2.5)
?0 2.0 (0,4)
30 0.8 (0-5)

30 1.3 (0.s)

l0 0.2 (0.2)
20 0.s (0-3)
30 0.s (0-2)

20 0.s (0.21
l0 0.2 (0-2)
10 0.2 (0-2)
r0 0.r (0-r)
r0 0.1 (0-r)
l0 0.2 (0-2)
l0 0.2 (0-2)

'Frequency > l0%. 0ther species .ecorded #th less than I0% frequency include CerBtium tulgatun, FndUarii cansclutcercis, Honleryn

pepLoides, Hgocltaeris rad.icata, Poa annuo. aad Puccine ia nuttaLliana"
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Figure 2. Changes in plant communities of the undyked (a,b) and dyked (c,d) areas at rhe Kokish narsh as shown by locational
shifls in 95 percent confidence ellipses in the plane of the first two PCA axes. The single PCA's for each area are
shosn in l{o separate g.aphs to avoid clutrering of symbols. The first two PCA axes explsin 59 percenl ofthe }aiance
iD the undyked area and 42 percent of ihe variance in the dyked area. Brolen ourlines (1984 data); solid outlines
(1986 data). Comnuniries {nh snall sample sizes are shown by the locarions of separate quadrats: (a) undyked con-
munitl I in 1984 and I986, open and closed circles, respectivelv; undyked communi!y 5 in I984 and 1986, open and
closed squares, respectivejy; (c)dyked comnunity 1 in 1984 and 1986, open and ctosed circles, respecli'ely. Numbers
in ellipses refer lo communities described in Table 2 and Figure l.

The greatest changes are evident in undyked The correlations of PCA axes I and II from
community 8, and dyked community 4. Both are separate analyses of the 1984 and 1986 data
mixed grass-forb "high marsh" types exhibiting allowed further comparison of the dyked and un-
moderate to substantial increases in species cover dyked areas (Table 3). The dyked area correla-
over the two year period (Table 2). t ions were lower (0.4?,0.36) than those in the

V.g . ta t ion  Change { f te r  D lke  Breach ing  33



TABLE 3.  Conelat ions between pr incipal  cohponents
analysis (PCA) axis scores for the 1984 and 1986
data. The lo{er correlations in the dyked area sug-
gest that a grealer degree of vegetation change
has occurr€d there than in the undyked area.

(1986) for the 1984 and l9B5 samples, was also
evident in the 1986 samples.

The dyked marsh at the Kokish also occurs
at higher elevations than the undyked marsh
(Bradfield and Campbell 1986). This contrasts
with reports from other studies (Eilers 1980,
Mitchell 1982, Taylor 1983) where the area
behind the dykes had subsided. The subsidence
noted elsewhere could be due to ryater loss and
shrinkage of dyked area soils, or to different land
use practices (e.g. compaction from livestock and
equipment). No soil compaction rvas noted at the
Kokish marsh and the high precipitation would
tend to offset soil drying and shrinkage.

The lack of decline in salinity of the dyked
area soils at the Kokish marsh could explain why
the vegetation has not changed substantially. In
order to lower the salinity in the dyked area the
breach channel would have to be deepened to
allow fresh water to enter the area sooner on a
rising tide. However, it is uncertain whether any
effective lowering of salinity levels could be
achieved so long as seawater continues to enter
through the original channel. Even if salinity
were lowered it would be diff icult to predict the
eventual species composition. Species such as
Carer lyngbyei may dominate for a while, but
since the dyked area may be increasing in eleva,
tion owing to a lack of tidal flushing, the expan-
sion of forest margin species into the high marsh
seems a l ikely outcome.
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PCA ares

Dyked area 0.47

0.83

undyked area (0.83, 0.52), suggesting that greater
vegetation change had occurred in the dyked
area.

Environmental change

Based on observations in the field during the
early stages of t idal inundation on 22 July 1986,
water began entering the dyked area through the
original channel in the seaward po ion of the
dyke. Not unti l a considerable amount of saline
water (22 ppt) had entered through that channel
did river water (2 ppt) begin entering through
the breach. Evidently, the breach channel rras not
deep enough to allow earlier entry of river water.
A f te r  mi r ing .  on l l  a  s l igh t  decrease in  $a le r
salinity in the dyked area was observed (20 ppt).

The results of the soil salinity and organic
matter analyses are given in Table 4. The salin-
ity of the dyked area soil samples had not de-
creased over the years and remained twice as
high as the salinity of soils in the undyked area.
The higher percent organic content of the dyked
area soils, noted by Bradfield and Campbell

0.36

0_52

TABLE ,t. Average organic natte. and el€ctricai conductirity {or the dyked and und}ked areas in 1984, 1985, and 1986. Stand-
ard devialions are given in parenlheses.

Sanp le  S ize Avelsge organic narter (%) Averase electrical conductivity (mnho/cm)

Dyked Area

Undvked Area

38.r (14.7)

31.8 (37.4)

37.1 (13.8)

6.2 (4.\)

9.9 (6.9)

7.9 (7 .4)

33.2 {10.7)
s8.0 (2r.0)

39.9 (r2.8)

12.r (8.9)

20.r (6.4)

22.2 (6.6)

t984

r985

1986

1984

I985

r986

28

32

24

28

32
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