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Cattermole Creek marsh, 14 August, 1984. 
Photo by Sean Boyd, C.W.S. 
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To determine the effect  of impounding stormwater within an t rea  of the 
Cattermole Creek intert idal  marsh, Squamish River estuary, baseline vegetation 
data were gathered from the marsh i n  September 1984. 

Three permanent transects were establ ished across the marsh and from a 
t o t a l  of 100 re leves ,  26 species  of vascular p l a n t s  were recorded. C =  
lvnclbveir Poten tillil lxs . iua ,  Triglochin marltlmum , and L k s c b m D s i a  cemibsa 
dominated the vegetation. Four inter t idal  plant communities were identified 
w i t h i n  t h e  study area and a r e  described along w i t h  e levat ion and soi lwater  
sal ini ty  data. 

. .  

Requirements for  a f i v e  year monitoring program of the marsh a r e  a l s o  
discussed. 

Afin de determiner l ' e f fe t  de l'endiguement des eaux d'Gvacuation (h ciel 
ouvert) dans un ce r t a in  secteur  du marais i n t e r t i d a l ,  de Cattermole Creek, 
dans l ' e s t u a i r e  de l a  r i v i & r e  Squamish, on a releve' des  donnees sur l a  
vgge'tation du marais, en septembre 1984. 

on 'etabli t ro i s  transects prmanents dans l e  marais. sur l e  total  de 100 
relevgs, on a enregistre '  26 especes de p lan tes  vasculaires .  Les plan tes  
dominantes 6taient: -, Potp ntUlaPacifica,Frialochinmarltrmum 
e t  Qess;hamD& = E ~ S B .  On a i d e n t i f i g  q u a t r e  groupes de p l a n t e s  
intert idales a l ' intefieur du secteur studis. L'6tude comprend l a  description 
de ces plantes ainsi  que des donnges su r  l a  profondeur et l a  salinite' de l'eau 
absorbe'e par l e  sol. 

La rapport examine aussi les besoins jus t i f ian t  un programme d'e'tude de 
5 ans portant sur l e  marais. 

. .  



iii 

TABLE OF C0"S 

Page 

A B S T R A C T . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R % 3 J M E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L%T OF TABLES, FIGURES AND APPENDICES . . . . . . . . . . . . . .  

~ ~ C T I O N . . . . , . . . . . . . . .  - 

PROJECTDESCRIPTION . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  

N E E D F O R ' I H E E E S W T S ' I U D Y .  . . . . . . . . . . . . . . . . . . .  
LOCATION AND DESCRIETION OF THE STUDY AREA . . . . . . . . . . . .  
METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LITERA'IURECITED. . . . . e 

A P P E N D I C E S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ii 

ii 

iv 

vi 

1 

1 

4 

4 

5 

16 

18 

19 



i v  

LIST 0 F TABLES, FIGURES AND AP PENDIC& 
Page 

TABLES 

Table 1. Vascular p l an t  species mean cover abundance (%) 
and frequency of occurrence (%) of the Cattermole 
Creek  marsh . . . . . . . . . . . . . . . . . . .  

Table 2. Vegetation communities of Cattermole Creek marsh 
w i t h  c o n s t i t u e n t  s p e c i e s  and t h e i r  cover  
abundance (%) and frequency of occurrence (%) . 
See Appendix 2 for key t o  species names. . . . .  

Table 3.  Geodetic axid olart Datum elevations for selected 
vegetation communities of Cattermole Creek marsh, 
Squamish River e s t u a r y  (sample s i z e  is  i n  
parentheses R( ) = Range). . . . . . . . . . . .  

FIGURES 

Figure 1. Location of the Cattermole Creek study area a t  
the Squamish River estuary . . . . . . . . . .  

Figure 2. Distr ic t  of Squamish flood control  basin. 
Locations of vegetation survey  t r a n s e c t s ,  
25 September 1984. . . . . . . . . . . . . . .  

Figure 3. Three-dimensional scatter diagram of species 
scores for the f i r s t  three canonical variates, 
Cattermole Creek  marsh. Numbers r e f e r  t o  
species in  Table 1 . . . . . . . . . . . . . .  

Figure 4. Three-dimensional scatter diagram of re leve  
scores for the f i r s t  three canonical variates, 
Cattermole Creek marsh . . . . . . . . . . . .  

F i  ure 5. Transect p r o f i l e s  (m. geodetic) of vegetation 
transects, Cattermole Creek marsh, 25 September 
1984. . . . . . . . . . . . . . . . . . . . . .  ? 

APPENDICES 

Appendix 1. Braun-Blanquet cover-abundance scale (from 
Mueller-Danbois and Ellenberg, 1974) . . . .  

Appendix 2. Vascular plant species list compiled f rorn all 
re leves  within the  Cattermole Creek marsh, 
Squamish River estuary, September 1984 . . .  

Appendix 3.  Vegetation data gathered a t  the Cattermole 
Creek marsh, September 1984 . . . . . . . . .  

6 

1 0  

15 

2 

3 

7 

9 

1 4  

20 

21 

22 

,/-- - 



V 

APPENDICES (cont'd) 

Appendix 4. Vascular plant species mean cover-abundance 
( % )  and frequency of occur rence  (%) by 
transect, for the Cattermole Creek marsh. . .  

Appendix 5. Canonical c o r r e l a t i o n s  f o r  t h e  se t s  of 
s p e c i e s  s c o r e s  and r e l e v e  s c o r e s  of 
Cattermole Creek marsh . . . . . . . . . . .  

Appendix 6. Product  moment c o r r e l a t i o n s  of r e l e v e  
e leva t ions  w i t h  axes I, 11, and I11 re leve 
scores - . . .  . . . . . . . . . . . . . . . .  

Appendix 7. Elevation data (m geodetic) of releve centres 
from Cattermole Creek marsh, 25 September 
1984. .................... 

- 

Appendix 8. Photographs of the Cattermole Creek basin,  
summer and f a l l  1984. . . . . . . . . . . . .  
No.1 Upper Cattermole Creek Marsh,-14 August 

1984. Looking south toward t h e  Third 
Avenue b r i d g e  and t h e  s i t e  of t h e  
proposed flood gate . . . . . . . . . .  

No.2 Upper Cattermole Creek marsh, 14 August 
1984. Looking north from the  eas te rn  
approach t o  the B i r d  Avenue bridge . . 

No.3 Approximate loca t ion  of Transect "A" 
(dotted l i n e )  , from A-0, 25 September 
1984.. . . . . . . . . . . . . . . . .  

No.4 Approximate locat ion of Transect "B" 
(dotted l i n e )  I from B-0, 25 September 
1984..... . . . . . . . . . . . . .  

No.5 Approximate loca t ion  of Transect "C" 
(dotted l i n e )  I from C-1, 25 September 
1984 . . . . . . . . . . . . . . . . . .  

No.6 Downstream side of new flood ga te  on 
upper Cattermole Creek, mid-october, 
1984. Approximate location of Transect 
"A" (dotted l i n e )  is shown i n  upper 
right-hand corner . . . . . . . . . . .  

Page 

25 

28 

29 

30 

31 

32 

32 

33 

33 

34 

34 



v i  

Field assistance was provided by Bruce Cox and Jacques Sirois. Elevation 
data  were gathered by Gilbert Bradshaw w i t h  ass i s tance  from a Fisheries 
Resource Employment Development for  Youth crew , Larry Delmistro, Job 
Coordinator. Kevin Conlin, Bob McIndoe, and the D i s t r i c t  of S q u a m i s h  provided 
l o g i s t i c a l  support. F.E. Stephenson and T. Ma, Insti tute of Ocean Sciences, 
provided the t i d a l  inundation data fo r  Pt.  Atkinson, and ins t ruc t ions  which 
enabled a conversion t o  Cattermole C r e e k  marsh elevations.  John Smi th  
commented on the s t a t i s t i ca l  analysis. Sean Boyd and Laszlo Retfalvi reviewed 
the manuscript. Susan Garnham t y p d  the manuscript. 

/’ 



1 

'Ihe community of Squamish is located near the Squamish River estuary a t  
the  head of Howe Sound (Figure 1). The downtown core, located on t h e  low- 
lying es tuar ine  floodplain of t h e  r i v e r ,  has required flood protect ion by 
dykes and drainage works. Despite those measures, frequent heavy rains in  the 
area have often combined with high tides t o  c a u s e  flooding. 

To help relieve that problem, the District of Squamish began planning i n  
e a r l y  1982 for  t h e  creat ion of a cont ro l lab le  stormwater impoundment area. 
The area would be used t o  s t o r e  excess runoff dur ing  periods of heavy r a in  
where high t i d a l  conditions would otherwise preclude gravi ty  run-of f from 
w i t h i n  t h e  dyke. The s i te  selected was an area of i n t e r t i d a l  marsh i n  t h e  
Cattermole Creek basin (Figure 1). 

The proposal involved the i n s t a l l a t i o n  of a flood gate  on upper 
Cattermole Creek  a t  a p i n t  immediately upstream of the Third Avenue Bridge 
over the creek (Figure 2). 'Ihe floodgate would only be closed when the threat 
of flooding was imminent. Otherwise, it would remain open and normal tidal 
flushing of t h e  basin would occur. The floodgate would have f l a p  valves t o  
allow drainage of t h e  basin, b u t  would prevent water from passing upstream 
into the impoundment area on a rising tide. Closure of the gate would prevent 
t i d a l  inundation of the upstream area,  leaving it ava i lab le  for  u s e  as  a 
stormwater impoundment area. ?he f lap  valves would open on a fall ing tide t o  
allow t h e  stormwater t o  drain,  a f t e r  which the above-described cycle could 
repeat. Construction of the system took place in  the f a l l  of 1984, and it is 
now i n  use (Appendix 8). 

Upon review of the  above-described proposal by resource agencies 
(Environment Canada, Dept. of Fisheries and Oceans, B.C. Ministry of 
Environment), it was agreed that a change i n  the character of the inter t idal  
marsh i n  the impoundment area could occur. 

A number of operational constraints were discussed between the resource 
agencies and t h e  District of Squamish. The need t o  monitor e f f e c t s  on the  
marsh was ident i f ied .  Unfortunately, t he  District  d i d  not budget for t h e  
necessary pre-construction monitoring. Instead, it proceeded with f i n a l  
design and tendering for the work i n  the summer of 1984. 

Negotiation w i t h  the District resulted in an agreement that  the resource 
agencies would conduct t h e  pre-construction monitoring i n  1984, w i t h  t he  
District assuming responsibility for postlx>nstruction monitoring in 1985 and 
fu ture  years. m a t  monitoring would continue for as long as necessary ( to  a 
maximum of five years) t o  demonstrate water impoundment effects on the math ,  
adverse or otherwise. T h i s  report  presents t h e  results of the  1984 pre- 

b 
construction monitoring. I 

\ 
1 
\ 
\ 

/ -' 
1 
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LOCATION MAP 

Figure 1. Location of the Cattermole Creek s tudy area at the Squamish River estuary. 
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A l l  Chalnogo taken along South R o l l  

Figure 2. District of Squamish flood control basin. Locations of vegetation survey 
transects8 25 September 1 9 8 4 .  
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LOCATION AND DESCRI PTION 0 FTHESTUD Y m  

The Cattermole Creek marsh (about 8 ha) is located on the east delta of 
the Squamish River estuary (Figure 1). The creek is a former dendr i t ic  tidal 
channel that was c u t  off from the rest of the estuary by the British Columbia 
Railway r a i l  l ine  in 1972. However, tidal inundation still occurs. The east  
side of t h e  marsh is  bounded by a dyke which pro tec ts  t h e  Town of Squamish 
from tidal flooding. Qualitative descriptions of the estuary in general have 
been summarized by the H a b i t a t  Work Group (1981). 

25 September 1984, three vegetation transects were established across 
the Cattermole Creek marsh t o  cover the low, intermediate and high elevations 
of the marsh platform (Figure 2 and Appendix 8). Wooden stakes were driven a t  
5 m in t e rva l s  along t h e  t r ansec t s  t o  denote the center of each releve (or 
vegetation sample). A l l  vascular p lan t  species within a 1 m 2  releve were 
ident i f ied  and recorded (see Dawe and White, 1982). Nomenclature follows that  
of Hitchcock and Cronquis t  (1973). Because t h e  study was conducted w e l l  
beyond the  normal growth and flowering period of many of t h e  plants ,  some 
species were d i f f i c u l t  t o  ident i fy  and have only been taken t o  genera or 
family. The relative cover of each species was determined using the Braun- 
Blanquet cover abundance scale (Appendix 1) . Substrate elevation data were 
a l so  taken a t  the center of each releve. C a r e  was taken t o  ensure t h a t  
survey-related disturbance t o  the vegetation communities was minimized. 

Data were analysed using the reciprocal averaging multivariate technique 
described by Orloci (197 8) . That method h a s  a dual purpose: a s ing le  
application results in  the ordination of both samples (releves) and species i n  
terms of best f i t  of one t o  the other. Species w i t h  similar site distribution 
and sites w i t h  s i m i l a r  species composition are related independant of species 
abundance or s i te  r i chness  (P imin te l  1979). Analysis was carried out using 
the computer program RQT (Orloci 1978) on an Apple 11+ microcomputer. Species 
w i t h  frequencies <= 5% were excluded from analysis.  Frequency of 
occurrence was calculated by summing the number of occurrences of a species 
within a dataset and dividing that  by the total  number of possible occurrences 
within the dataset. Best estimates of mean cover/abundance for each species 
were calculated by summing t h e  midpoint of each Braun-Blanquet scale range 
(ie. by s e t t i n g  r=.01, +=.05, 1=3, 2=15, 3=37.5, 4=67.5, 5=87.5) and dividing 
by the number of occurrences of the species within the dataset. Species and 
raleve scores were plotted on scatter diagrams. Product moment correlations 
of the f i r s t  three releve ordination axes w i t h  elevation data were calculated. 

Tidal  inundation rat ios  were calculated using the 1983 predicted t ides 
for Point Atkinson. n o s e  predicted tides were converted t o  local chart datum 
based on differences between Point Atkinson t ides and those of the secondary 
po r t  a t  Squamish. The year 1983 was chosen for  the  prediction set a s  it 
represents  an approximately average year i n  the 18.6 year t i d a l  cycle (Fred 
Stephenson, personal communication) . Geodetic elevations were converted t o  
char t  datum by adding t o  them the mean water l eve l  a t  Squamish taken from 
Anonymous (1 984). 
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Samples of s o i l  water s a l i n i t y  were taken by squeezing a drop of water 
from a small s o i l  sample onto an American Optical  hand refractometer and 
reading the value directly. 

From 1 0 0  re leves  a t o t a l  of 26 species  of vascular p l an t s  was recorded 
(Appendix 2). O f  those species ,  four dominated the  f lo ra ,  occurring w i t h  

bvei  occurred w i t h  t he  h i g h e s t  frequencies of 20% or more. S=arex l v n g  
frequency and mean cover overall, followed by Potentilla rTrialochin 

i m u m ,  and DeschamDsh e s g  i t o s a  (Table 1). Cover/abundance data fo r  
species wi th in  transects is given i n  Appendices 3 and 4. 

Canonical co r re l a t ions  fo r  t he  f i r s t  th ree  s e t s  of species scores and 
releve scores a r e  h igh  (Appendix 5) suggesting t h a t  the r e l i a b i l i t y  of t h e  
species scores a s  ordering c r i t e r i a  is high (Orloci 1978). Seventy-five 
percent of the to t a l  chi  square was accounted for by the f i r s t  three canonical 
variates. Species scores were plotted on a three-dimensional scatter diagram 
t o  show their  r e l a t ionsh ips  w i t h  one another (Figure 3) .  Four species 
c l u s t e r s  a r e  apparent (A-D), and allow the  in t e rp re t a t ion  of the  three- 
dimensional s c a t t e r  diagram of the releve scores  (Figure 4). For example, 
group A J  i n  Figure 4 is dominated by those species i n  cluster A of Figure 3. 

. .  
. .  

Figure 4 suggests four major clusters (AJ ,  CP, C, R) which we have 
considered as  vegetation communities. Table 2 shows the communities and the i r  
component species. Product moment co r re l a t ion  of re leve.elevat ions with 
axis I releve scores  gives  a co r re l a t ion  coe f f i c i en t  of r=-0.69 (p<O.OOl) I 
which suggests that  the communities are good indicators of elevation. Axis I, 
Figure 4 ,  could also t hen  be in te rpre ted  a s  decreasing i n  e levat ion from 
0 t o  1. 

Elevation data  a r e  shown i n  Appendix 7 and have been summarized i n  
Figure 5 and Table 3. Table 3 gives ranges and mean elevations of vegetation 
communities for  each t ransec t  and fo r  a l l  data  combined. Mean inundating 
water ra t ios  per 24h day and daylight hours for each community are also shown. 
Because ' grows wel l  a t  lower e leva t ions  on channel edges, we 
have separated those elevations from the major --flats community. B&?ph 
marl- too, can grow a t  a broad range of e leva t ions  where standing water 
occurs, therefore &pia  has been excluded from the Table. 

Sa l in i ty  of the soil water ranged from OO/oo t o  llO/oo. Water sal ini ty  
of Cattermole Creek was So/oo a t  t r ansec t  C and @/oo near the  end Of 
transect A. 

. .  

1 

-/---- '. 'c 
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Table  1. V a s c u l a r  p l a n t  s p e c i e s  mean c o v e r - a b u n d a n c e  ( % )  a n d  
f r e q u e n c y  of  occurrence ( % )  of t h e  Cat te rmole  C r e e k  
Marsh. V a l u e s  a r e  r o u n d e d  t o  n e a r e s t  i n t e g e r .  S e e  
Appendix 2 for key t o  s p e c i e s  names. 

Data f o r  re leve 1 t o  re leve 1 0 0  

S p e c i e s  Mean cover/abun Frequency 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 
1 8  
1 9  
20 
2 1  
22  
23 
24 
25 
26 

CARX LYNG 
POTE PAC1 
TRIG MARI 
DESC CESP 
J U N C  BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVE 
DAUC SP ? 
HORD BRAC 
ASTR SPEC 
LEGU SPEC 
UMBL SPEC 
L I L A  OCCI  
RANU CYMB 
PLAN MARI 
ACHI MILL 
PLAN MACR 
SIDA HEND 
ELEO PALU 
STEL HEM1 
OENA SP 3 
MIAN D I L A  
SIUM SUAV 
FRIT CAMS 
TRIF WORM 

5 4  
1 2  

4 
17 

5 
17  
36 
1 
8 
5 
4 
1 
1 
1 

8 
7 
2 
1 
2 

2 
1 

1 
1 

* 

* 

* 

Tota l  number of releves = 1 0 0  

87 
35  
3 3  
20 
15 
14 
1 2  

9 
8 
8 
a 
a 
7 
8 
8 
5 
5 
5 
5 
4 
4 
3 
3 
3 
1 
1 

I 

* = P r e s e n t ,  b u t  less  t h a n  0.5%. 
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i 1 

Figure  3 .  Three-dimensional s c a t t e r  diagram of s p e c i e s  s c o r e s  for 
t h e  f i r s t  t h r e e  c a n o n i c a l  v a r i a t e s ,  C a t t e r m o l e  Creek 
marsh. Numbers r e f e r  t o  s p e c i e s  i n  Table 1 .  

i 
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Key t o  c l u s t e r  s t r u c t u r e  of Figure 4. 

Symbol Community 
Transec t (  ) 
and Re leves  N 

R Ruppi a ( C )  4 ,  5, 29 3 

C Carex ( A )  3 ,  7-10, 13-18, 21-26 46 
(B) 7-9, 12-16, 18, 19, 26-35  
( C )  22-28, 31, 32 

CP Carex/Po t e n  t i l l a  ( A )  1 
(B) 1-6, 21-25 
( C )  1, 2, 6, 15-21, 33-36 25 

AJ Agrostis /Juncus ( C )  7-14 8 
- 
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Figure 4. Three-dimensional scatter diagram of releve scores for the first 
three canonical variates, Cattermole Creek marsh. (RJ) = 
Agrostis-Juncus, 1.30lm to 1.631m; 
0.824m to 1.305m; 
Ruppia; 0 = transitional releves. Elevations are geodetic. 
See also Table 3. 

(CP) = Carex-Potentilla, 
@(C) = Carex, -0.656m to 0.792m; e (R) = 
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Table 2. V e g e t a t i o n  communi t i e s  of C a t t e r m o l e  C r e e k  marsh w i t h  
c o n s t i t u e n t  s p e c i e s  a n d  t h e i r  cove r  abundance  ( % )  a n a  
f r e q u e n c y  o f  occurrence ( % ) .  V a l u e s  a r e  r o u n d e d  t o  
n e a r e s t  i n t e g e r .  See A p p e n d i x  2 f o r  k e y  t o  s p e c i e s  
names . 

D a t a  f o r  R u p p i a - a q u a t i c  community 

Species Mean cover/abun F r e q u e n c y  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
17 
18 
1 9  
20 
2 1  
22 
23 
2 4  
25 
26 

CARX LYNG 
POTE PAC1 
T R I G  MARI 
DESC C E S P  
JUNC BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVE 
DAUC SP ? 
HORD BRAC 
ASTR S P E C  
LEGU S P E C  
UMBL S P E C  
L I L A  OCCI  
RANU CYMB 
PLAN MARI 
ACHI MILL 
PLAN MACR 
S I D A  HEND 
ELEO PALU 
STEL HEM1 
OENA SP  ? 
MIAN D I L A  
S I U M  SUAV 
F R I T  CAMS 
T R I F  WORM 

0 
0 
0 
0 
0 
47 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total  number of releves = 3 
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Table 2. ( c o n t i n u e d )  

D a t a  f o r  C a r e x  c o m m u n i t y  

Species Mean cover/abun Frequency 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
1 6  
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

CARX LYNG 
POTE PAC1 
TRIG MARI 
DESC C E S P  
JUNC BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVS 
DAUC SP ? 
HORD BRAC 
ASTR S P E C  
LEGU S P E C  
UMBL S P E C  
L I L A  O C C I  
RANU CYMB 
PLAN MARI 
ACHI MILL 
PLAN MACR 
S I D A  HEND 
ELEO PALU 
STEL HEM1 
OENA SP ? 
MIAN D I L A  
S I U M  SUAV 
F R I T  CAMS 
T R I F  WORM 

75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 

0 
0 

* 

Tota l  number of releves = 46 

3 ( b )  

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
4 
0 
0 
0 
0 
2 
0 
0 
0 
4 
0 
0 

1 

* = P r e s e n t ,  b u t  l e s s  t h a n  0.5%. 
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Table 2. ( c o n t i n u e d )  

D a t a  for C a r e x / P o t e n t i l l a  community 

Species Mean cover/abun Frequency 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

CARX LYNG 
POTE PAC1 
TRIG MARI 
DESC C E S P  
JUNC BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVE 
DAUC SP ? 
HORD BRA& 
ASTR S P E C  
LEGU S P E C  
UMBL S P E C  
L I L A  OCCI  
RANU CYMB 
PLAN MARI 
ACHI MILL 
PLAN MACR 
S I D A  BEND 
ELEO PALU 
S T E L  HEM1 
OENA SP ? 
MIAN D I L A  
S I U M  SUAV 
F R I T  CAMS 
T R I F  WORM 

32 
15 
3 

17 
1 
0 

20 
0 
0 
0 
0 
1 
1 
1 

1 
0 
1 

3 

0 
0 

0 
0 

* 

* 
* 

* 

Tota l  number of releves = 25 

3 (c) 

* = P r e s e n t ,  b u t  less t h a n  0 .5%.  
1 

100 
96 
96 
60 
32 

0 
16 

0 
0 
0 
0 
4 

24 
32 
16 
16 
0 

12 
8 

16 
0 
0 
4 
0 
0 

a 

. 
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Table 2. ( c o n t i n u e d )  

D a t a  for A g r o s t i s / J u n c u s  community 

Species Mean cover/abun Frequency 
- 

1 CARX LYNG 3 1 2  
2 POTE PAC1 7 1 0 0  
3 T R I G  MARI 5 87 
4 DESC C E S P  9 5 0  
5 JUNC BALT 1 0  87 
6 RUPP MARI 0 0 
7 AGRO ALBA 4 5  1 0 0  
8 SONC ARVE 1 100 
9 DAUC SP 3 8 1 0 0  

1 0  HORD BFIAC . 5 1 0 0  
11 ASTR S P E T  4 1 0 0  
12 LEGU S P E C  1 87 
1 3  UMBL S P E C  0 0 

L I L A  OCCI  0 0 
1 5  RANU CYMB * 12 
14 

1 6  PLAN MARI 0 0 
ACHI MILL 7 6 2  

25 
17 
18 PLAN MACR 2 
1 9  S I D A  HEND 2 50 

0 
0 

20 ELEO PALU 0 
21 STEL HEM1 0 
22 OENA SP ? 2 37 
23 MIAN D I L A  1 37 
24 S I U M  SUAV 0 0 
25 F R I T  CAMS 1 12 
26 T R I F  WORM 1 12 

Tota l  number of releves = 8 

* = P r e s e n t ,  b u t  l ess  t h a n  0.5%. 
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Figure 5 .  Transect p r o f i l e s  ( m  g e o d e t i c )  of v e g e t a t i o n  t r a n s e c t s ,  Cattermole Creek 
marsh, 25 September 1 9 8 4 .  . 
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Table 3. Geodetic and Chart Datum elevations w i t h  related inundation periods 
fo r  selected vegetation communities of Cattermole Creek marsh, 
Squamish River e s tua ry .  (Sample s i z e s  a r e  i n  parentheses ;  
R ( ) =Range) . 

Mean elevations ( in  meters) Mean Annual Innundation (%) 

Above Daylight 
-tY Geodetic Chart datum F u l l  day hours only 

CARX-Channel (2) 

CARX-Flats (15) - 
R(-.481 t o  -.140)- 

R (  .47 t o  .76) 
cARx/FoTE (1) 

CARx-channel (5) 

CARX-Flats (15) 
R(-.656 to .365) 

R(.393 t o  -792) 
cARx/poTE (11) 

R (  .a24 to 1.304) 

cARx4mnnel (5) 

CARX-Flats (4) 

Qw(/poTE (14) 

AGRO/JUNC (8) 

~(-.552 t o  .lag) 

R (  .48l t o  -634) 

R (  .867 t o  1.305) 

I R(1.301 t o  1.631) 

c A R x - c h m l  (12) 

CARX-Flats (34) 

-m (25) 

A€GO/J.UK ( 8) 

R(-.656 t o  -365) 

R(.393 t o  -792) 

~ ( ~ 8 2 4  to  1.305) 

R(1.301 t o  1.631) 

-.314 

0 -646 

1.193 

-.012 

0.715 

0 -925 

- -122 

0.540 

1.042 

1.484 

-.loa 
0 -664 

0 0998 

1.484 

2.83 

3 079 

4.33 

3 -13 

3.85 

4 -06 

3.02 

3.68 

4.18 

4.62 

3 -03 

3 .ao 
4 -14 

4.62 

65.2 36.3 

29.0 15.9 

8.2 3.9 

56 -6 31.5 

26.6 14.5 

17 .a 9.7 

60.5 33.8 

33 03 18.8 

12.5 6.9 

1.3 0.8 

60.0 33 05 

27 .3  15.4 

14.2 7 09 

1.3 0.8 

, 
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Since the purpose of t h i s  study was t o  provide baseline data to  measure 
changes i n  the vegetation of the Cattermole Creek m a r s h ,  l i t t l e  discussion is 
necessary. We would, however, l i k e  t o  make two points. 

First ly,  vegetation of the Cattermole Creek marsh is similar t o  that of 
other brackish marshes i n  the Pacific Northwest @awe and White 1982, Eilers 
1975). However, the Cattermole Creek  marsh differs somewhat in that its pure 
stands of Carex are extensive and a r e  not j u s t  r e s t r i c t e d  t o  edges of t i da l  
channels. Carex is one of the most important vegetative components 
of our coastal marshes. It grows best under brackish conditions such a s  those 
found on the Cattermole Creek marsh, b u t  can also grow under relatively fresh 
or s a l i n e  conditions. Under the two l a t t e r  conditions,  however, i ts 
productivity seems t o  decrease (Dawe and White, i n  press).  It is t h e  most 
productive of our es tuar ine  vascular p l a n t s  with above-ground biomass 
es t imates  a t  Squamish of 1322 g dry w t / m 2  (Levings and Moody 1976). Carex 
also produces large numbers of seeds which form an impr tan t  part of the d ie t  
of many estuarine animals, notably waterfowl and songbirds. Perhaps the most 
important fea ture  of w, aside from i ts  high productivity,  is i t s  
c h a r a c t e r i s t i c  of breaking down rapidly. Eilers (1975) found t h a t  :arex 
l i t t e r  i n  May could be exhausted i n  as l i t t l e  as s i x  days, while a community 
of J_uncus or Fgrost is could take over 300 days, Once broken down i n t o  t i ny  
p a r t i c l e s ,  becomes avai lable  t o  t h e  scores  of d e t r i t i v o r e s  such as  
ammipods, isopods, and clams that  serve a s  food t o  higher vertebrates such as 
b i r d s  and f i s h .  Based on Levings and Moody's (1976) data  w e  estimated t h a t  
Cattermole Creek marsh produces about 75 tonnes of Carex dry weight 
per year. Loss of t h a t  d e t r i t a l  input could have a negative impact on the  
overall productivity of the estuary. 

Secondly, the location of communities within the estuarine marsh seems t o  
be governed mainly by t h e  e levat ion of t h e  marsh platform which, i n  turn,  
determines the degree of inundation and exposure tha t  the marsh plants must 
undergo (Dawe and White 1982). In the case of Cattermole marsh, changes i n  
inundation periods could cause a change i n  the  vegetation composition of a 
community which, i n  t u r n ,  could a f f e c t  t h e  ove ra l l  product ivi ty  of t h e  
estuary. 

To determine changes such a s  those discussed above, t h e  following 
ac t iv i t ies  are required. 

. 

1) The vegetation survey should be repeated annually, about t h e  f i r s t  two 
w e e k s  i n  July,  fo r  a t  least  the next f i v e  years  (1985-1989). S o i l  water 
s a l i n i t y  measurements a t  each releve should also be gathered during t h e  
vegetation survey. 

2) Surface and bottom measurements of t h e  s a l i n i t y  of t h e  inundating water 
should be obtained from a t  leas t  three sites (ends and channels) along each 
transect during a high tide, preferably four times througout the spring and 
summer (March, May, July and September). 

! 
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3) Aboveqround biomass estimates should be obtained each year,  about t h e  
f i r s t  two w e e k s  i n  July,  t o  compare t h e  Carex product ivi ty  of t h e  
Cattermole marsh with that of a similar, adjacent "natural" marsh. That 
could most easily be accomplished by surveying a linear control transect on 
the west side of the B.C. R a i l  embankment and staking 36 releve locations 
a t  5m intervals along the transect. ?he geodetic elevation of each releve 
cen t r e  should be determined. Within each l m 2  re leve on t h e  control  
transect and on Transect B, within the Cattermole basin, record the releve 
number and measure the above-ground length of the tallest plant t o  
the nearest 0.5cm. ?he plant should be measured from the ground, adjacent 
t o  t h e  p l an t  stem, t o  t h e  end of t h e  longest  leaf , including t h e  brownish 
tip. 

4) A water guage should be i n s t a l l e d  in s ide  t h e  Cattermole Creek basin t o  
record automatical ly  t h e  t i d a l  e l e v a t i o n s  and d u r a t i o n s ,  s o  t h a t  
differences i n  inundation periods from the norm can be calculated. 
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APPENDIX 1 

Braun-Blanquet cover-abundance scale 
(from Mueller-Dombois and Ellenberg 1974) 

5 - any number, with cover > 75% 
4 - any number, with cover of 51% - 75% 
3 - any number, with cover of 26% - 50% 
2 - any number, with cover of 6% - 25% 
1 - numerous, with cover of 1% - 5% 

+ - few, with small cover (<1%) 
R - solitary, with small cover 
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APPENDIX 2 

V a s c u l a r  p l a n t  species l i s t  compiled from a l l  releves w i t h i n  t h e  
C a t t e r m o l e  C r e e k  marsh,  Squamish  River  es tuary ,  September 1984. 

A c r o n y m  

~~~ 

Species 

1 CARX LYNG 
2 POTE PAC1 
3 TRIG MARI 
4 DESC C E S P  
5 JUNC BALT 
6 RUPP MARI 
7 AGRO ALBA 
8 SONC ARVE 
9 DAUC SP ? 

1 0  HORD BRAC 
11 ASTR S P E C  
1 2  LEGU S P E C  
1 3  UMBL S P E C  
14 L I L A  OCCI  
15 RANU CYMB 
1 6  PLAN MARI 
1 7  ACHI MILL 
18 PLAN MACR 
1 9  S I D A  HEND 
20 ELEO PALU 
21 STEL HEM1 
22 OENA SP ? 
23 MIAN D I L A  
24 S I U M  SUAV 
q 5  F R I T  CAMS 
26 T R I F  WORM 

' Hornem. 
P o t e n t i l l a  pac i f lca  Howell i2X.e.z lvnsbvel . .  
Tricrlochin mritimum L. 
Descrnab cesPitosa 
mw b a l t i c u s  . .  .- L .  

- 

(L . )  B e a u v .  
Wil ld .  

o s t u  dh L. 
Sonchus arvensis L.  
D_aucus species? 
Bordem brachvantherum N e u s k .  
F s t u  species 
L e g u m i n o s a e  species 
Umbelliferae species 

P l a W  mimtlma L .  
Achillsa mil le fo  lium L. 
Planfaao macro- Cham & S c h l e c h t  
Sidalcea. bendersonii, Wats . 

eocha r i s  m u s t r i f i  ( L . )  R. & S. 
hemifusa R o t t b .  

Oenanthe species? 

Sium gauve Walt. 
' ( L . )  Ker-Gawl Frltlllaria €cuW&hatcensls 

g c c i d w  C o u l t .  & R o s e .  
' Pursh  Banunculuscvmbalarla . .  

dU&&un ( W o o d )  Nels. & Macbr . 
. .  

iolm L e h m .  
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APPENDIX 1 

Vegetation data gathered at the Cattermole Creek marsh, 
September 1984. See Appendix 2 fo r  key to species. 
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CATTERMOLE CREEK BASIN - VEGETATION TRANSECT C 
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OENA SP ? 
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SIUM S A V  
FRIT CAMS 
TRIF WORM 
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APPENDIX 4 

V a s c u l a r  p l a n t  species mean cover-abundance ( % )  and frequency of 
occurrence ( % )  by t r a n s e c t ,  f o r  t h e  C a t t e r m o l e  C r e e k  m a r s h .  
V a l u e s  a re  rounded t o  neares t  i n t e g e r .  See A p p e n d i x  2 for key t o  
species. 

!l3mwa3 
P&a f o r  releve 1 to releve 27 

Species Mean cover/abun Frequency 

CARX LYNGL 
POTE P A C 1  
T R I G  MARI 
DESC C E S P  
JUNC BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVE 
DAUC SP ? 
HORD BRAC 
ASTR S P E C  
L E U  S P E C  
UMBL S P E C  
L I L A  O C C I  
RANU CYMB 
PLAN MARI 
ACHI MILL 
PLAN MACR 
S I D A  HEND 
ELEO PALU 
S T E L  HEM1 
OENA SP ? 
MIAN D I L A  
S I U M  SAUV 
F R I T  CAMS 

I T R I F  WORM 

5 2  
1 
0 

62 
0 
8 
0 
1 
0 
0 
0 
0 
0 
0 
0 

38 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
3 
0 
3 
0 

37 
0 
3 
0 
0 
0 
0 
0. 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T o t a l  number of releves = 27 
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APPENDIX 4 c o n t i n u e d  

TRANSECT 4 

Species Mean cover/abun Frequency 

CARX LYNG 
POTE PAC1 
T R I G  MARI- 
DESC C E S P  
JUNC BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVE 
DAUC SP ? 
HORD BRAC 
ASTR S P E C  
L E U  S P E C  
UMBL S P E C  
L I L A  OCCI  
RANU CYMB 
PLAN MARI 
ACHI MILL 
PLAN MACR 
S I D A  HEND 
ELEO PALU 
S T E L  HEM1 
OENA SP ? 
MIAN D I L A  
S I U M  SAUV 
F R I T  CAMS 
T R I F  WORM 

6 3  
11 

4 
11 

0 
1 5  
1 
0 
0 
0 
0 
1 
1 
1 
1 
2 
0 
1 
0 
2 
1 
0 
0 

0 
0 

* 

1 

Tota l  number of releves = 37 

94 
2 9  
3 2  

8 
0 
2 
2 
0 
0 
0 
0 
2 
8 
5 

10' 
5 
0 
2 
0 

10 
2 
0 
0 

0 
0 

a 

* = Present ,  b u t  l e s s  t h a n  0 .5%.  
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gLPPENDIX 4 c o n t i n u e d  

Pas f o r  re leve  6 5  t o  releve l O Q  

Species Mean cover/abun Frequency 

CARX LYNG 
POTE PAC1 
T R I G  MARI-  - 
DESC C E S P  
J U N C  BALT 
RUPP MARI 
AGRO ALBA 
SONC ARVE 
DAUC SP ? 
HORD BRAC 
ASTR S P E C  
LEGU S P E C  
UMBL S P E C  
L I L A  OCCI  
RANU CYMB 
PLAN MARI 
ACHI  MILL 
PLAN MACR 
S I D A  HEND 
ELEO PALU 
S T E L  HEM1 
OENA S P  ? 
MIAN D I L A  
S I U M  SAUV 
F R I T  CAMS 
T R I F  WORM 

4 4  
1 3  

4 
1 5  

5 
47 
4 0  
1 
8 
5 
4 
1 
1 
1 * 
* 
7 
2 
1 
0 

2 
1 
0 
1 
1 

* 

I 
T o t a l  number of releves = 36 

69 
63 
58 
4 4  
4 1  

8 
30 
2 2  
2 2  
2 2  
2 2  
19 
11 
16 
11 
16 
13 
11 
16 
0 
8 
8 
8 
0 
2 
2 

* = Present ,  b u t  l e s s  t h a n  0 .5%.  
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Canonical cor re la t ions  for the s e t s  of species 
scores and releve scores of Cattermole Creek marsh. 

CANONICAL C O R R E L A T I O N S  

Set  1 R ( X , Y )  = 
Set 2 R ( X , Y )  = 
Set  3 R ( X , Y )  = 
Set  4 R ( X , Y )  = 
Set 5 R ( X , Y )  = 
Set 6 R ( X , Y )  = 
Set 7 R ( X , Y )  = 
Set 8 R ( X , Y )  = 
Set  9 R ( X , Y )  = 
S e t  1 0  R ( X , Y )  = 
Set 11 R ( X , Y )  = 
Set 12 R ( X , Y )  = 
Set 13 R ( X , Y )  = 
Set  14 R ( X , Y )  = 

.878723061 

.77117 011 2 

.598309413 
3 6 96 140 96 
.3173 551 3 
.308061385 
.26 0 2 8611 
.222365036 
-203600837 . 
.189821387 
.152470 96 9 
.14194 51 86 
.06 5 86 4677 9 
.038566 9264 
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APPENDIX 6 

Product moment c o r r e l a t i o n s  of r e l e v e  e l e v a t i o n s  
w i t h  a x e s  I ,  11, and I11 r e l e v e  s c o r e s .  

C o r r e l a t i o n s :  

N = 97 
- - 

R ( 1 , l )  - 0687046827 
R ( 2 , 1 )  - .136495427 
R ( 3 , l )  - 0215057979 

1 
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APPENDIX 7 

Elevation data (m geodetic) of releve centres 
from Cattemle Creek marsh, 25 September 1984. 

SmTION STATION STATION 
STATION ELJWATION STATION ELEVATION STATION ELEVATION 

A 0  1.193 B O  1.074 c 1  0.867 
A 1  
A 2  
A 3  
A 4  
A 5  
A 6  
A 7  
A 8  
A 9  
A 10 
A 11 
A 12 
A 13 
A 14 
A 15 
A 16 
A 17 

A 19 
A 20 
A 2 1  
A 22 
A 2 3  
A 24 
A 25 
A 26 

A i a  

l 

0.625 
0.748 
0.750 
0.677 
0.707 
0.760 
0.763 
0.741 
0.640 
0.723 
0.662 
0.743 
0.728 
0.747 
0.676 
0.663 
0.562 
0.643 
0.527 
0.583 
0.559 
0.513 
0.472 
0.513 
-0.140 
-0.487 

B 1  
B 2  
B 3  
B 4  
B 5  
B 6  
B 7  
B 8  
B 9  
B 10 
B 11 
B 12 
B 13 
B 14 
B 15 
B 16 
B 17 
B 18 
B 19 
B 20 
B 2 l  
B 22 
B 2 3  
B 24 
B 25 
B 26 
B 2 7  
B 28 
B 29 
B 30 
B 31 
B 32 
B 33 
B 34 
B 35 
B 36 

- 
e 

1.304 
1.070 
1.039 
1.009 
0.864 
0.826 
0.868 
0.339 
-0.6 56 
L-0.6 96 
G O  .6 96 
-0.183 
0.077 
0.365 
0.682 
0.679 
0.686 
0.744 
0.774 
0.571 
0.722 
0.824 
0.872 
0.854 
0.792 
0.764 
0.783 
0.7s 
0.763 
0.668 
0.724 
0.726 
0.704 
0.669 
0.393 
0.704 

c 2  
c 3  
c 4  
c 5  
C 6  
c 7  
C 8  
c 9  
c 10 
c 11 
c 12 
C 13 
C 14 
C 15 
C 16 
C 17 
C 18 
c 19 
c 20 
c 2 l  
c 22 
c 2 3  
C 24 
C 25 
c 2 6  
C 2 7  
C 28 
C 29 
C 30 
C 31 
C 32 
c 33 
c 34 
c 35 
C 36 

0.911 
0.900 
0.900 
0.196 
1.054 
1.532 
1.301 
1.516 
1.512 
1.432 
1 . 533 
1.417 
1.631 
1.305 
1.218 
1.157 
1.116 
1.089 
1 .lo7 
0.944 
0.528 
0.634 
0.515 
0.481 
0.078 
0 Ill0 
-0.435 
-1.261 

L-1 .311 
-0.552 
0.189 
0.964 
1.026 
0.957 
0.874 

L = Lower than 
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Photographs oE t h e  Cattermole Creek B a s i n ,  
summer and f a l l  1984 .  

Sean Boyd, C.W.S.: No.'s 1 and 2. 
G i l b e r t  Bradshaw, E .P .S . :  No's 3 , 4 ,  and 5 
Bruce Cox, M.O.E., F&W: No. 6 .  

. 

. 
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PlX&QgBNQ, 1. U p p e r  C a t t e r m o l e  C r e e k ,  
1 4  A u g u s t  1 9 8 4 .  L o o k i n g  south t o w a r d  t h e  T h i r d  
A v e n u e  b r i d g e  a n d  t h e  s i t e  o f  t h e  p r o p o s e d  
f l o o d g a t e .  

P h o t o a r a g  L&L 2 .  Upper  C a t t e r m o l e  Creek marsh, 
1 4  A u g u s t  1 9 8 4 .  L o o k i n g  n o r t h  f r o m  t h e  e a s t e r n  
a p p r o a c h  t o  t h e  T h i r d  Avenue B r i d g e .  
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PhotoaraDh No, 3 . 0  A p p r o x i m a t e  l o c a t i o n  o f  
Transect  "A" ( d o t t e d  l i n e ) ,  f rom A - 0 ,  25 September  
1984. 

EhatosraPh L 1. A p p r o x i m a t e  l o c a t i o n  o f  
Transec t  " B "  ( d o t t e d  l i n e ) ,  f rom B - 0 ,  2 5  September  
1984. 



3 4  

m w m g m  5. A p p r o x i m a t e  l o c a t i o n  o f  
Transec t  C ( d o t t e d  l i n e ) ,  f rom C - 1 ,  2 5  S e p t e m b e r ,  
1 9 8 4 .  

P h o t o g u p h  No, 6. Downstream s i d e  of new f loodga te  
on upper  C a t t e r m o l e  Creek ,  mid-October ,  1 9 8 4 .  
Approximate l o c a t i o n  of Transec t  "A" (do t t ed  l i n e )  
i s  shown i n  upper r ight-hand c o r n e r .  
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