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~ INTRODUCTION

- '_-This_b()ok is‘a journey into one of the most rich and diverse
places on earth — the estuary, where freshwater meets the-

' v_séa. It's a‘plaée' where 'vplant.é,-;énim,als -ar‘id’people are . - -

: vitally linked with' eac}'i{‘other.' R P

_ . ‘On-the pages to follow, you'll (ji:'is'covérr.a fascinatiig - -

o W_drld of unique life Vf(')rmAsi which you prdbably' didn't know '
. existed in the muddy environment of the estuary. Youll . |
also learn; about one of the greatest estuaries on earth, the = -|
" FraserRiver. ~.. .. - - oo IR,
" This book is in'tended:fb‘i' anyone who has a nafcural R
~curiosity about the estuary. It's written clearly enough for
- - older c;hildreh to understand and enjoy, but the information .
- ¢ is'equally interesting for adults. In the book you'll find: .~ -
[ Information on the ecology of estuaries -~~~

- O .Aflo‘o_k— at ;fhéir. hisfbry,a_nd_ culture S o o o

._Field,’ t’ri_p_ s‘u’g:gesf.iOné o

| Challengmg é;ctixfitiesé?eryc}ﬁe carienj'ox - |

Lofs of dfawihgs"and';illﬁ‘straﬁo‘l_ljs:. = |
T1ps on ‘p’IfOtect"ifI‘ig and conséfVirig a"healthy_estﬁé_‘rl{s’f“ " .

A great guide for the claséroom and at home

: It's important for all of us to be aware of what keeps an |
estuary healthy, if we are going to protect and conserve -
‘ " this natural treasure. Many of our estuaries ‘éo_n'ti'n_ué‘ tobe . |
~_-under increasing pressure from human development. With -~ N
" the knowledge and understanding gained from this book,
'.g:'o,ncetrn'ed individuals and groups will be better equipped to . |

paijtik;ipate iﬂ"the_difﬁcult choices an‘d_.deci'sions'v that

. influence the future of our estuaries. -
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1 WHAT IS AN ESTUARY ?

e An estuary is a. spe01al place Wlth some un1que and 1mportant physmal and ‘
" ecological features,. This book focuses on the Fraser River Estuary, one of the -
-~ largest and most 1mportant estuaries on the coast.of British: Columbla To begln :
- with, though lets look at some of the bas1c phys1ca1 and ecologlcal features of .

"estuar1es e



| '_‘]_Physi'cal Features of an Estuary

- FIGURE 1-1

FIGURE1-2

Let s start Wlth the phys1cal features that make an estuary
;1 umque -and 1mportant place Estuar1es have a distinct

geographlc location, unique land formations, and are a
‘place where seawater and freshwater mix. This phys1cal
setting supports a rich and diverse collection of plants and -
animals — the estuary's ecosystem — Wh1ch W111 be

e descr1bed in the followmg section..

Geograph1cally, an estuary is the area Where a river (or ‘
,any other freshwater source) meets the sea. In some '
'. estuaries, sand and gravel bars, mudﬂats and islands make
"_up aland formatmn called a delta: Fertile deltas have been B
- the cradle of human civilizations for thousands of years, .

and to this day contmue to be. attract1ve places for human

‘ use and settlement. Therefore, as shown in ‘Figure 1- 1,an
estuary is usually identified and deﬁned by its delta.

However estuames 1nclude more than just a delta

"because any open water area where freshwater mixes W1th i}
'seawater is also: cons1dered to be’ part of an estuary For

example, estiiaries include areas inside the steep-sided -

.coastal bas1ns or fiords of our province (Figure 1- 2) .such as -

Bute Inlet, Rivers Inlet and Howe Sound. Other major

. estuaries of coastal Br1t1sh Columb1a are shown in F1gure

13. 3
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~ . FIGURE 1-4
. Salt Wedge-

Because the mlxmg of freshwater and seawater is such .
. an 1mportant and distinct feature of the estuary, it is =

worthy of some further explanat1on Freshwater bemg

- lighter (less dense) than saltwater; will flow.above the.

heavier seawater (Flgure 1-4). Thus, in estuaries suchas.

- the Fraser. Rlver ‘where very large amourts of freshwater
.. are d1scharged a salt wedge is formed This is'a wedge- -

'shaped bottom layer of seawater which is pushed up the

. _"estuary along the river bottom with each flood tide. The

separation: between freshwater and saltwater (the
“interface) can break down on an outgomg (ebb) tide.. Such
-cond1t1ons of. mlxmg will create zones of brackish, or. -

: dlluted seawater a common phys1cal feature o_f estuarles."

—b szcﬂow OF RIVER FLOW

e —

FLOOp TIDE -". -
<_ (SALT wems) |

'FIGURE 1-5
** Marine Phytoplankton

T,he Estuary's -EcosyStem |

| 'There are some bas1c ecologmal features that all estuarles 'A
~ havei in common It is these- ecologlcal features that make

estuaries one of the most 1mportant ecosystems of coastal
_ ,Br1t1sh Columbla L :

Primary Production f

. "Prlmary productlon is the blologlcal process in whlch .
o plants convert the sun's énergy by photosynthe51s 1nto food o
that ammals can use. Therefore, pr1mary producers are the' L

“ basic food s sourcé for animal life on earth. In estuaries,
-most of the primary productlon occurs in the bottom .
‘commumty—— thé marshes and mudﬂats where wetland .

“plants, bottom dwelling algae and eelgrass grow in

- abundance

-

. 10.



" FIGURE1-5  Marifie Phytoplankton .

| In aquat1c ecosystems prlmary product1on is’ also
provided by mlcroscoplc algae ﬂoatmg in the sunlit surface
_‘waters. These algae -called phytoplankton are the base of
the ocean s food chain in open. ‘water (Figure 1-5). However ‘
estuarine water 1s usually too muddy to’ support '

: phytoplankton - : :

Annual plant product1on in the t1dal marshes of
-estuaries 1s among the hlghest on'earth. Sc1ent1sts '
_measure annual plant product1on accordlng to the total
:amount of leaves and stems produced in a unit area
o (square métre or hectare) of marsh per year. Estuarles
© with annual productlon rates that range from 12 5 to 25

L ons/ha exceed even that Wh1ch can be produced by the

0800000000000 00008000000000000000000000000000008000808808

. most 1ntens1ve agr1culture (F1gure 1 -6). o

. : o FIGURE 1-6
Primary Productionof .-

Various Ecosystems . -
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FIGURE1-7

 Estuarine Food Chain

MARSHPLANT

PROTOZ@A, :

f Food Chalns and Food Webs

- Food- cha1ns are the transfer of food. energy from plants (ther

base of the food chain) through a series of orgamsms by

. the process of eating and be1ng eaten, to some top -
. consumer. One link in the food chain might be a plant-
" eating ammal (herb1vore) being’ eaten by a meat-eating ‘
. animal (predator) An’ example of an estuarlne food cham is
. as follows -

" GREAT BLUE

AMPfh?OD . STICKUEBACK.

In-the fdoll chain ab"o\fe the transfer of food energjr '

: between each orgamsm is shown by an arrow pointing from '
_,the food source to the consumer.’ The arrows represent the .

links of the food cha1n Food chains are based on what

-biologists. observe in the field’ about the feeding habits of
* animals, or what they analyze in the laboratory from the
4' ' ammals stomach contents. -

-You W111 not1ce in the above example that the amphlpod

vdoes not eaf the live plant Th1s isan 1mportant aspect of
the food’ cha1n since only a few estuarine animals graze

directly onh the vast amount of living plant material

. produced. each season. The few herbivores of our estuaries =
" are mamly Waterfowl such as the Snow Goose which feeds
-on the belowground parts of bulrush plants; the Black -

Brant which depends on eelgrass, and certain spec1es of
dabblmg ducks wh1ch eat the seeds of marsh plants

A-ll.the dead plant I_naterlal accumulatmg at the end of _'

‘the growing season forms an important base of the food
- chain called detritus. Detritus consists of dead plants
" - combined with a rich assortment of m1croscop1c fungi,

bacterla protozoa (asin our example above) and other
12 - ' '
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. mlcroorgamsms Small 1nvertebrates such as Worms

snails, and crustaceans (e.g. amphlpods) thr1ve on th1s :

" detritus. Anyone Who has ever poked around in the"
: compost pile’of their- garden in a pile of rotten- leaves or in
" arotten log will recall the teeming 1nvertebrate hfe in

» these detrlth-rlch habltats ' )

The mllhons of small 1nvertebrates 11v1ng in the estuary

- are eaten by ﬁsh b1rds and amph1b1ans Small fish and .
o ,amphlblans are in turn eaten: by larger fish, birds: and -
- mammals Much of the. estuary s food chain is therefore '
- supported by the rich organic detrltus of the marshes
shallow’ sloughs and t1da1 channels '

| ACTIVITY 11~ - |
'ESTUARINE FOOD. CHAIN

,1 ‘Designa food cha1n that illustrates the followmg

_ " short story (adapted-from: Discover Wetlands, A+
e Currzculum Guide, Washington Department of -

»‘Ecology, 1988) Remember to connect each link in the
. chain with arrows pomtmg from What is bemg eaten to’ hS

B What is domg the eatmg

- A clam that ﬁltered mlcroscoplc detrltus partlcles from :
the estuary's water was caught by a Glaucous Wlnged '
“Gull, dropped on’ the rocky beach,-and cracked open. - .

The clam meat was then-fed to-the gull's hungry chick. | ',
";Soon ‘a Bald Eagle. searchi'ng for food captured and ate

g ﬁnally to the eagle

111ustrate how the detrltus Was derlved The th1rd

' |. ‘paragraph under the ‘heading Food Chains and |

Food Webs will g1ve you a clue. Finally, don't forget

e the ultlmate energy- source == the sun.

Answer prov1ded 1n Appendlx 1, page 109

| the chick. The- food energy the clam first obtained from- |
. the detrltus was transferred to the gull chick and

2. To the base of the food cham add two more hnks to - -

_ In reahty, the estuary cons1sts of an 1nterconnect10n of
dlfferent food chains. This pattern of 1nterconnect1ng food

chams is called a food Web To better understand the = .-

' s1gn1ﬁcance of food Webs do the followmg act1v1ty

o130



| ESTUARINE Fooi) WEB

_:;ACTIVITY 2:

J Complete the s1mpl1ﬁed food Web for an estuarme

- :' marsh hab1tat shown in: F1gure 1-8 by us1ng the words |

below to ﬁll in the correct numbered circles (adapted

: -from Dzscover Wetlands A Currzculum Guide, -

u Washmgton Department of Ecology; 1988): Read the
. numbered clues to help you. To show the flow of

e energy, the arrows point away ﬁ'om a food source and b

,‘.toward the’ orgamsm that eats it. The answers tothe

h food web dlagram are given 1n Append1x 1, page 109‘ .

WORDS TO FILL INTO CIRCLES
k ~Clam . . Heron ‘ Mayﬂy wl“k

. Humans Plants Snake . Frog’ |

o Flounder Detr1tus Vole .Beaver

|- CLUES FOR NUMBERED CIRCLES:- |

3 1. These orgamsms use energy from the sun to make :

food.

-] 2." Thisis dead plant mater1al enr1ched W1th bacter1a

and fungi. It returns plant nutr1ents back to the
_ marsh.
3. Th1s small rodent eats mamly plants and
somet1mes insects. : ,
4. These shelled animals live in the mud and sand
., and filter small part1cles of organic matter..
| 5. Thelarva of this flying 1nsect feeds on orgamc
I matter. _’ : .-
. 6. Th1s amphibian eats any small movmg
' 1nvertebrate ‘ :
7. This: ﬂat—lookmg animal l1ves underwater and feeds
* on small bottom- dwelling invertebrates. -

. 8. This animal hunts at night for snakes and voles.

-9, This small mammal was hunted i in the past for its.

" fur and it eats mainly plants.
10. This long-legged animal can be seen pat1ently

standing in shallow water for a fish or frog'to eat.

| 11. If it wants.to, this creature can find and eat almost

' anythlng in the estuary. Nothmg in the estuary
can kill and eat this animal.

12. Th1s rept1le sl1thers around to hunt for frogs

14
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" DuNGENESS CRAB - -

w>

Mportant Llfe-Hlstory Stages '

' The estuary plays an essent1al role in the l1fe hlstory of e
‘many fish ‘and wﬂdhfe spec1es . For example our estuar1es R
‘ :prov1de 1mportant rearlng and feedlng habltats for Juvemle'l .
 Chum, and Chlnook salmon The brackish water ofthe = <+
s o estuary: glves Juvemle salmon time to gradually adJust to e
saltwater cond1t1ons before they m1grate into the ocean: - '

Espec1ally in larger estuanes such as, the Fraser R1ver L )
o 'and Skeena River, juvenile salmon. spend several’ weeks R
RV 'feed1ng in sloughs and tidal channels as they slowly .
e mlgrate out into the ocean in early spring. This feeding : and B
. rearing per1od represents an 1mportant hfe-h1story stage
_ for juvenile salmon, Other fish species such as smelt and
' Starry Flounder spawn in the estuary and also use 1ts -
. protected backwaters for the nursmg and reanng of - '
o ,_]uvemle stages .

Dungeness crab move 1nto shallow subt1dal areas of the f ’

o _estuary to burrow into soft bottom areas, seekmg

_ '.protect1on from predators while the crab's shell is soft
- durmg its- moultlng and matmg stage Juvenile. Dungeness )
o Crab will use the shelter.and food prov1ded by the estuary }_
- to go through various stages of development before mov1ng L
o 'offshore as adults | S ‘

All of our coastal estuar1es prov1de essent1al rest1ng~ .
L .and feedmg habitat for waterfowl migrating from their o
. northern breedlng ranges along the Pacific’ Flyway to the1r oo
_ “southern wmterlng habitats. W1thout the critical restmg
S '_and feedmg habitats prov1ded by estuaries, some spe01es of .
' '_m1grat1ng b1rds would probably d1sappear =

L 'Alte-"



 The Fraser River Estuafr

Roberts Banks '1'5’_.: o

" The Fraser Rlver Estuary is one of the largest most -
L 1nterest1ng, and perhaps most important estuar1es on the - 2"
‘ coast.of British Columb1a We will begin . our 1ntroduct1on to.
L ".the Fraser. Estuary by descr1b1ng some of 1ts phys1cal S
. features Chapter 2 w111 then descr1be the aquatlc hab1tats o
N 'of the estuary and 1ts abundance of plants and ammals '

-\ the pomt Where the Fraser R1ver exits the

- .mountains at Hope, it has drained over 200 000 Square o
o k110metres of ; very d1verse terrain (Flgure 1-9). At th1s

- point; the 1 r1ver is rich in sed1ments eroded. from’ across L

‘southern and céntral Br1t1sh Columbia. , .= . = " -

v As the r1ver ‘énters the Fraser Valley lowland 1ts speed -
is checked by the change in slope of the river.bed, and great -
volumes of sedlment drop out of suspens1on to form gravel
" ‘and sand bars, 1slands sloughs and mudflats. The finer and

" l1ghter the sed1ment the further it W111 be: transported out .

into the estuary, eventually settllng out onto Sturgeon and '

o Durmg the sprlng and early summer snowmelt the -
L Fraser River surges and this pushes back the t1dal 1nﬂow

N of’ salt water to the lower reaches of the delta.. Durmg this™
T 'peak flow per1od in May, June or July, river flows at Hope
are, from 10 000 .up to 15 000 cubic- metres per second Th1s o

is equlvalent to about 50 000 to 75 000 full bathtubs of
Water per second In W1nter When the river ﬂow is at 1ts _' '

.. lowest, the t1de has less opposmg force from the, r1ver and
~will therefore push salt Water 1nland as far as New
- -AWestmmster Normal W1nter ﬂows are approx1mately 700
' -cub1c metres per second 2 :

O -’Freshwater ﬂows far 1nto the Stra1t of. Georgra and 1s e d’
i 'clearly visible from an a1rplane or space satellite’ as a,
L .d1st1nct llght colored plume against.the darker marine _
* waters'of the Strait. This i is because the sediment-laden -
“freshwater plume reflects more llght than the clearer .
" marine water. The 1nﬂuence of the Fraser R1ver plume -
- ."-:reaches across the Stra1t of Georgla all the Way to: the Gulf :
: Islands (F1gure 1- 10) R TR
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FIGURE 1-10
Fraser Ri_ver Plume

VANCOUVER

 RICHMOND _

VANCOUVER
ISLAND

The present-day physical setting of the Fraser Estuary
is the result of sediments accumulating over thousands of
years. The Fraser River has been building'and expanding
its delta at the rate of 13 million cubic metres per year,
resulting in sediment deposits which are now 100 to 230
metres deep. e

The terrestrial and intertidal portion of the estuary
includes the delta created from river sediments since the
last ice age. As you can see in Figure 1-11 and on the map
of page 6, this includes all of South Delta, Ladner,
Tsawwassen, Richmond, including Sea Island, as well as
the smaller mid-river islands downstream from New v
Westminster. Sturgeon and Roberts Banks, and : - FIGURE 1-11
Boundary Bay make up the outer areas of the delta. Present-Day Delta Formations.

: o s o

BELLINGHAM
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FIGURE 1-12
Delta Formations
11 000 Years Ago

BELLINGHAM

Terrestrial areas of the Fraser River Estuary looked

‘much different just after the last ice age, some 10 000 years.

ago (Figure 1-12). At that time, the estuary extended up
into Pitt Lake, up Bellingham Bay, and into the eastern

Fraser Lowland — an area that had previously been

occupied by ice, but was replaced by water. There was an
open-water connection between Chilliwack and Bellingham
Bay, as well as perhaps one coming down past New :
Westminster.

'OTHER FACTS AND FIGURES

The Evolution of An Estuarine Bog

Over thousands of years, along with the formation of the
estuary's sand and gravel bars, mudflats and delta, came
the developnient of vast expanses of marshes supporting
grasses and sedges. The marshes produced large amounts
of organic matter which, in combination with river silts,
elevated the delta lands. Eventually shrubs such as
willows, sweet gale and hardhack became established.

20



‘BOG COMMUNITY

.u/(\,. ey

In certain poorly drained areas of the estuary, the
accumulating organic matter formed large deposits of
peat. These areas were cut off from river flooding and
therefore did not receive their annual supply of nutrient-
rich floodwater. However, heavy winter rains kept these
areas saturated with water. Soon, these wet, nutrient-
poor, peat-dominated areas developed into bogs. Burns

‘Bog and Surrey Bend are two areas where bogs have

survived to the present day. The presence of large peat
bogs is a unique feature of the Fraser River Estuary.

21
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- 2 AQUATIC HABITAT ' L .

L :We know that estuar1es hke the Fraser support a rich and. dlverse assemblage"__._“"'t
. 40f habltats Exactly What do we mean When we use the Word "hab1tat"‘? o
' S 28 L .
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'Whét“--s,a:Hab'itat,? S

The hab1tat of an orgamsm can be snnply deﬁned as the _
“place or ’home ‘where it lives or where it i is expected to
-~ live. Thus to find and observe a shoreb1rd l1ke Dunhn We

- Would visit a t1deﬂat in the estuary

The phys1cal charactenst1cs of hab1tats 1nclude sed1ment' ‘
texture, ‘water sal1mty (saltinéss) and l1ght The l1v1ng parts"-* ) .
_-of the hab1tat consist ‘'of many d1fferent orgamsms from
- bacteria to. bulrushes and birds: Hab1tats therefore prov1de i

everythmg thata plant or: ammal needs tolive and reproduce

food nestmg sites, protect1on for offsprmg, and restmg and._f o
shelter sites for adults ) .

o , There 1s usually sufﬁc1ent local var1at1on ina hab1tat to
support: many different species, and 1ndeed a Whole

commumty of plants and an1mals Small local hab1tats are :

-_ referred to as, m1cro-hab1tats
-

Hab1tats also change over time. As plants and anlmals
mod1fy their phys1cal env1ronment new: and d1fferent
plants and animals Wlll gradually replace them. For -

- example new trees will modlfy a hab1tat by gradually
shad1ng out the sun—lovmg plants o -

ThlS natural process of change in the hab1tat is called

success1on Once the hab1tat has. changed as far as it can, 1t

1s called a mature or climax’ hab1tat At this ﬁnal stage of .-
success1on the hab1tat can ex1st for hundreds or thousands

3 of years — - provided, of course,  that. humans don't- damage .
or destroy it.. Eventually, a cllmax habitat W111 be altered by '

natural forces such as ﬁre extreme ﬂoodmg or drought

.24
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- 'D Sloughs and River Channels

Hab1tats are generally class1ﬁed accordmg to the type of

vegetation growing in an area. Animals are not usually -

~used to classify habitats since birds, fish and other animals |
-move from Place to place and are often i 1nconsp1cuous and

dlfﬁcult to observe

" In this sectlon we'll describe four habitat types common

to the Fraser River Estuary We 11 also describe where you

can visit them, and suggest some approprlate ﬁeld
act1v1t1es The four hab1tats are:

. 4 .E] Brack1sh and Freshwater Marsh
[0 Saltmarsh and Tideflat
[J. Active Floodplain Forest

A The first three habltat types can be eas1ly recogmzed in -’
.the field by the1r distinct vegetation community. Whatis”
_perhaps less obvious are the environmental factors that .

create just the right conditions for certain species of plants

© . to grow and propagate Env1ronmenta1 factors can be
- . physical (light, temperature) or chemical. (nutrlents,

salinity). The relatlonshlp between plants and.

* environmental factors is one of the most 1mportant aspects .
of the estuary s habitat ecology : -

" FIGURE 2-1"
Major Habitats -
. of the Estuary
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" Physical Influences on Habitats

Although there are many d1fferent env1ronmental factors

' 1nﬂuenc1ng the growth and dlstr1but1on of plants in the
.' estuary, we shall discuss only two of the most 1mportant
‘. R factors sal1mty and ﬂood1ng ’

. ,Sal1n1ty

r

h 'Two of the hab1tat class1ﬁcat1ons l1sted above (brack1sh and '
" freshwater marsh, and saltmarsh) are based on sal1mty
- Plants are very sensitive to salinity, which is the amount of
salt in their environment. Salt can make it difficult for

some plants to nourish themselves and to ma1nta1n a

' balanced water level in the1r t1ssue

Only certain k1nds of plants’ can tolerate h1gh levels of

.salt. Such salt-tolerant plants are present in saltmarshes.

Many saltmarsh plants get rid of the salt they take up by '

- releasing it through spec1al salt pores on the1r leaf

surfaces :

In Chapter' 1, an estuary was deﬁned'as the place where

the freshwater of: the river mixes with the saltwater of the
ocean. This m1x1ng of fresh and saltwater ereates a

' cond1t1on called brackish Water which conta1ns some salt

but much less than seawater. Plants adapted to these

. brack1$h cond1t1ons are found in brack1sh marshes

Plants that grow in, freshwater usually do not l1ke even
a moderate. amount of salt. Plants in these freshwater

‘marshes are found in areas of the estuary where seawater '
‘cannot reach. - L

Sahmty is a very 1mportant env1r0nmental factor

because it determines: the geographic distribution of the

different types of marshes found in: the estuary.

.Saltmarshes are found farthest away from the 1nﬂuence of '

freshwater, in areas where there is usually only seawater

'Brack1sh marshes are found near the outer estuary where

freshwater and seawater m1x Freshwater marshes occur '
only in the upper parts of the estuary, away from any,
1nﬂuence of seawater
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-, Plants are also very sensitive to floning.f Thé'long_er and _
.deeper an area is flooded, the less oxygen 4iAsA available in the

" soil. Plant roots need oxygen to grow and survive. To .

overcome the shortage of Qxygén in floeded soils, some

~ species of plants have special oxygen storage cells and are

able to bring this oxygen from their leaves and stems to

" . their roots. However, when flooding is too deep or too long:

o _ Nevertheless, five or'ten' centimétres of rise or fall on the .

" in duration, most rooted plants can no longer survive.

R The degree of flooding depends on the elevation at :
" “which a plant is 'locate"d. On higher areas of the outer delta,.
. near the estuary's dikes, a plant. would be flooded for a
- relatively short time, and perhaps only during the highest
tides. Farther down the delta slope toward the lower
intertidal zone, tidépl flooding is longer in duration and . "
. “greater in depth. : R ’ ' '

The outer delta cértéinly_lc;)oksfﬂaf Awhen,vi'ewéd from o
the dikes. This is because the slope is very slight. ’

delta slope can begin to.'mak'e' a difference as to What type |
- of plant can grow. Tidal marshes consist of distinet. '+,

patterns of different types of plants, sirice their growth and
. distribution is easily influenced by small changes in soil
~ elevation and flooding." S S

| CRITICAL_‘TIDAL ELEVATIONS

Tides are an importantwfeaturél of the eAs'tpa‘ry,) The .
| purpose of this activity is to become familiar with-tides

- and toe learn how to read tide tables. Figure 2-2 is -
“based on data obtai;ied frdm:ecologic'al studies of
| marshes in the outer Fraser River Estuary. The figure
' represents a profile view of a tidal marsh showing tidal
. elevations from the dike to the outer edge of the. -
-, marsh. - : EEEE

I Procedure:. : : : :

-1 Ahgn ajrutle,r vvith,.,ﬁhe bpttd;n of Figufe 2-2.

| Keéping the ruler horizontally aligned, moveit. <. . ..

| upwards and read the numbers on the vertical scale * -
labeled "Tidal Elevation - Point Atkinson Datum”. *
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" FIGURE22 .
Elevation Profile

- of a Tidal Marsh

2 Note the t1dal elevat1ons of the followmg locat1ons

in the marsh

. - Start of the mudﬂat and end of the marsh
- Begmmng and end of bulrush growth .
- Beginmng and end of sedge growth..
- - Begrnmng and end of cat-tail growth
- Top of the dike - :

. 3 Obtam a copy of the Canadzan Tide and Current
: Tables Vol. 5., Fisheries & Oceans Canada, avallable;

at marine supply centres. Refer to the tide table for

B Point Atkinson. In'the table find today's date. Mark ‘
"~ the three or four tidal elevatlons for this date on the o
ﬁgure Now you will know today S locat1ons of the low

and high tides in the delta marsh. Helpful hints for. .

. using the Tides and Currents Tables are prov1ded in -
B .Append1x 1, page 110. -~ ¢ - '

- 4 Refer agam to the same t1de table and date and
- make a note of the time for each tide. If you had -

wanted to walk into the marsh today to sample *

A bulrush plants when would you have been able to do

so? How much time Would you have had for your Work‘?
Ifit had not been possible today, when would be the - -

next Poss1ble date for your sampling? Scan through the
- tide table and determine the best time of year to see
" the intertidal zone‘in daylight. Is there a pattern
: (dally, monthly, seasonal) to the t1des?

TIPAL MARSH . ",

800 ~

— T 71— 0 |
600 400 - -200 o

. DISTANCE FROM DIKE (metres)
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AP"merfOr F'eldTnps

- 1

i

The best way to learn about the aquat1c habltats of the .
Fraser River Estuary is to v1s1t and explore them.

: However to make the- field tr1p successful and en_]oyable it e .‘

- iswell worth tak1ng time to make some basic preparatlons e
L ThlS is espec1a]ly true of group ﬁeld tr1ps W1th ch11dren IR N

-

 Selecting Your Degﬁaaaaﬁ' L

- In selectmg your dest1nat1on the follow1ng may be helpful

Pr10r to the ﬁeld tr1p, dec1de on your ob_]ectlves and

' learmng outcomes although you should also leave some -

.room. for open ended d1scover1es You mlght also want to .f B
“ study the act1v1t1es in thls book Wh1ch are spec1ﬁcally )
; i1ntended for ﬁeld tr1ps e .

- For suggestwns and descr1pt1ons of ﬁeld tr1p ;
: dest1nat1ons ‘refer to Table 2-3'and Flgure 2 3 wh1ch
B prov1de add1t1onal mformatmn : e

' : If you re planmng to explore 1ntert1dal areas, you ll need .
" to find out when low tide occurs, if the area to be visited.-
- will be exposed and for how long’ Some areas are S

_4 - relat1vely 1naccess1ble even at low tide, due to muddy
cond1t1ons or other hazards It i is 1mportant to ﬁnd th1s

out before a tr1p is undertaken

WARNING

_ Watch out for narrow and
1 deeply cut t1dal channels
| which are’sometinies -

covered by vegetat1on Tt
is best to stay-away from

| derisely vegetated: " -..
- ‘tideflats where the -~ -

| ‘round is hidden from

| view.. ..
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L FIELD TRIP DESTINATION -~ A B .C D ' NOTES B
: %— 1 v Fraser Rlver Park - Xt - X. . -Marsh restoration’site: - .. . .. J a m
© .. 2 MecDonald Beach Park X - . X e Boat launch & picnic area ’ S d
. [ 3 * Iona Beach Park - o X « .« . Pondrestoration site;excellént blrdlngg - '
' .4 "TerraNova S X " © X ., Described in this book on page 41 —
. [ 5 . Richmond Dikes: . =", <X . Described in this book on. page 37 ! L @
. 6 . Garry Point Park X ~ X  .Marsh restoration site... . . T . S
l . ..StevestonIsland . . X > .. X X - Difficult access, and only at low t1de ] . : g)
~ .8 | Gilbert Beach ; X " X  Easily reached from d1ke L 8 :
1 9. Reifel Island Blrd Sanctuary "X v " Excellentbirding . .. | | % |
10 Ladner ‘Harbour Park - X - X . Described in this book on'page 59 - _, Q
: ! 11 . Deas Island Regmnal Park X . X X " Described in this book:on page 71 . { ' ;—:
120 Centennial Beach ' ' X " . Qreatfor exploring the tideflats =~ . Q
4 l 13 = Boundary Bay (64th to 112th St ) X ~ " Described in this book on page a7 ) _-a_x'
. 14 ~Blackie's Spit Park - ‘ X, 77 -+ Close to large eelgrass beds . - h )
@ .| 15 White Rock Beach" X " " Great for exploring tideflats -~ ] o
- * .16 Semiahmoo Park X .. Explore the Campbell R: Estuary S §
B [T 17 Fraser Foreshore Park ~ . . X .- X X . Described in this book onpage59 ¢ | """ =
18 _ South Annacis Island Park X X X . Good reptile and amphibian habitat . ‘B
f 19  Westminster Quay . =~ ¢ XL ¥ Great placeto watch boat traffic J -
~. 20. ‘Coqultlam River Estuary X X- X ' Explore the Coquitlam River Estuary .. S
[~ 21  SurreyBend - - “ X = X - X' . Thelargestundiked floodplain * *- ] T ¢
29 . Barnston Island X X X - Access‘via ferry, great biking route . L e
E’, 23 "Grant Narrows Regwnal Park» v X » X - Nearby eélevated observation- platform {
24 - Derby Reach Park - X - X © X' - Popular bar fishing location o
|--25 .» Kanaka Creek. Regmnal Park o Xy X . X - Explore Kariaka Creek Estuary. f -
26 McMillan Island : X . X. X ' Camping and nearby floodplain forest.- ~
{; 27 . Brunswwk Point . ci o XX L e Br,ackishu'Saltmarsh.xtransition,zqne ]
. 28 Wldgeon Marsh Park Reserve‘ X _ X' X \'- Access vsﬁth-pennission from GVRD -
A = Brackish & Fres'hwater - B ‘Saltmarsh & Tideflat

s C = Active Flooplain Forest o D Slough & R1ver Channel

.



4. Intertidal plants and animals are sensitive to

. tramphng, and considerable damage can be done bya =

large ; group of people. ‘Some valuable and sensitive .. '
~ intertidal hab1tat dreas, or habitat sites which have
beeén restored, should not be walked 1nto at all. Tt is’
always a good 1dea to check these thlngs out ﬁrst

5 A half: day field tr1p Wlll probably be sufﬁc1ent

" . especially for ch1ldren in elementary grades Therefor_e, i

no more than one or two different types of habitat
should be visited and studied. It is essential that
. -children bring rubber boots and are dressed

. appropriately for what- could be a Wet cold and muddy
ﬁeld tnp : :

6. Parent or other adult volunteers will bé needed to
accompany children on the field trip. It is best to’ select
only those volunteers who are not squeamish about

mud, insects, snakes frogs, and anything else that the

children will present and ask quest1ons about A
minimum of 1 adult for every 8 children is
recommended.-

A lParentyolunteers should be giyen a'Par_ent Information

* Sheet which indicates the objectives of the field trip and

describes their responsibilities. Before the trip, the class
~or group should be divided into teams of 8 children' (or -
, fewer depending on the number of adult superv1sors)
- .The parent volunteer w111 be attached to one of the
groups as an adult superv1sor A list of names should be
- prov1ded so the parents can get to know the ch1ldren

Pre-Tr1p Act1v1t1es

If you prepare your group before the tr1p, the whole :

" experience will be more 1nterest1ng and rewarding, and
- there will be fewer demands on you and your volunteer
supervisors. If the children already have some vocabulary
“and knowledge they. will look forward to d1scover1ng and

finding 1nteres_t1ng things. If children know where to look,_ -

they will find more on their own. What they find on"their
own, they register as d1scover1es — and what they discover,
- they W111 remember: ‘ :

The followmg pre- tr1p act1v1t1es can help you prepare for :
your tr1p to the estuary: :
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- ACTIVITY 4:

PRE-TRIPFUN -
1 G1ve everyone a Vocabulary list 'and the Estuary
Crossword Puzzle nrov1ded in Figure 2-4. The.

crossword estabhshes basic vocabulary in an: en_]oyable
‘way. As a supplementary act1v1ty, have everyone make
up their own simple 7- W\ord crossword. They can select . .

‘their own words from the vocabulary list.

‘For answers see Ap"p'endixf‘ 1, page 111

- WORDS TO SELECT FROM: -

FIGURE2:4 ~ - - -~ -
Estuary Crossword Puzzle o

ERNEREN

]
|
|
|
| |
|
]

=
-

- ﬁ >

Y|
i

waterfowl migration =~ clean. destructive organism -
_consumer " flood tide ocean ©  algae . river
industry’,  early ebb tide ", clam . Fraser River
sediment . scavengers human. - relationships . benthic
habitat . effluent plankton “energy .- probe
marine . port ecology estuary " pollution ~
'photosynthesm sea . - ."delta foodweb' .  gram

- 33

"3

7.
8.

11
14.
16.
17.

19.

' ACROSS

Eroded material which is dep051ted
in an estuary -

Large flowing body of water ~

Salt water envuonment

Biggest river in British Columbia -
Human activity related to work -
Small floating or swimming
organisms

Simple orgamsms whlch contain
chlorophyll

Two shelled animal hvmg in marme .

- sediments

. 20.
21.

A‘ " 23,
27.
30,
32.
A - :33.

34.

o oo

10,
. 1L
' - organisms in.a natural community’

.12,

18
15.

- 18.

o2,

.28,
29.

31

An investigation .

Waste substances which interfere
with life - -
Animals which will consume
anything which is edible .
In-coming water in the daily changes
in sealevel (2 words)

Organisms which must eat other .
things for food -

Orgamsm wh1ch is the major
pollutor on-.earth’ :
The process used by plants to make
theéir food

BlrdSthlch inhabit water

“environments

, DoWN:‘

Forces which break down the natura.l
relationships Between orgamsms
Salt water marine environment .
Islands and other land built in an.
estuary ' :

Living thing

Place where an orgamsm lives
Out-going water in the daily changes o
in sea level (2 words) .

First i in time

The relatlonshlp between food

(2 words)_ -

Area where fresh water from a river
meets the salt water of the sea

The connections between organisms -
An environment, whlch is not pol-
luted

Place where ships dock to take onor’
_put off cargo

Organisms which inhabit the bottom .

sediments

. Liquid by- products of 1ndustry
25. )
26.

Unit of weight

Movement of organisms from one
place to another

Enormous body of salt water

The study of relationships between
living things and their environment
Needed for the ability to move and to
grow or produce matenals v



 FIGURE 25’ e

‘2. Estuary Word Challenge (adapted from the o
Ll ‘Federatlon of B.C. Naturalists booklet, From . -
1. Sidewalk to Seashore ) is another .good game for - -
o bu11d1ng vocabulary skllls Each player is glven a -
sl chart such asin, the example of Flgure 2- 5 o

Any Word can be chosen to make up the letters

“in the rows. The:word is revealed by the group
leader at'the start of the game. Chlldren then: ﬁll
) the chart with acceptable estuarme vocabulary If '

agroup 1s domg this you, mlght Want t0 assign_

1 scores to.the right answer and create a time 11m1t . _
.. for completlng the answers. The winner is theone . © -
- who can fill the chart-first or who can score the .

hlghest Two po1nts are given to a Word that only

‘one person used; one p01nt is’ glven to Words used
B by more than one person .
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Brackish and Freshwater Marsh

Where is this habitat located?

Because the Fraser is such a llarge river, the huge amount
of freshwater it discharges creates a vast area of brackish
water along the outer delta. Figure 2-6 shows that large
areas of the brackish tidal marsh occur along Sturgeon
Bank, Roberts Bank and the islands in the lower estuary.
Freshwater tidal marshes are found upstream of New
Westminster, where saltwater does not occur. Some of the
most extensive freshwater tidal marshes are along the
banks of the Pitt River. ’

In the smaller estuaries along the east coast of Vancouver

Island, brackish and freshwater marshes occupy intertidal
areas in the inner estuary. These estuaries do not have the
extensive delta formations of the Fraser Estuary.

FIGURE 2-6
Location of major Brackish
and Freshwater Marshes
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- Freshwater

FIGURE27 -
Brackishand .~

o Marsh P|ants -

 SEDGE-

. AMERICAN:
> BMLRUSH

SOFTSTEM
BULRUSH

LYNGBYEI'S

SEACOAST
BULRuSH -

- What are the features of this ma_r's'h?'

Brackish and freshwater marshes are being" discussed =

under the same head1ng because they are difficult to

] d1st1ngu1sh unless you are a b1olog1st or exper1enced
" naturalist. Brackish marsh plants can tolerate freshwater
' for some periods of the year. As a result there is.

considerable- overlap between bracklsh and freshwater
plant’ spec1es

. Not only are these the most extens1ve marshes in the

estuary, but they are also the most product1ve Each year, - |

our bracklsh and freshwater marsheés produce an average
of five metric tons of plant material per hectare. This

amount of plant production is three times greater than that
- produced in saltmarshes. . '

‘At the end of the growmg season, this plant production .

_createsa huge supply of organic detritus, much of which is
. flushed out of the marshes with each tide. The organic .
" detntus provides a nutritious food source which sustains
: hfe in t1dal channels sloughs and throughout the estuary

A 'Some‘of the DOminan_t Plants

Bulrush, Lynghyei's Sedge, cat—tail and Pacific Silverweed

 are some of the dominant plant types found in the brack1sh
" marsh. Flgure 2-7 will help you identify these common
‘ marsh plants on your ﬁeld tr1p to the lower estuary

- Bulrush can have either round or tnangular shaped
stems which are filled with a spongy tissue. T,he.bﬂowers

" consist of brown spikes.with small overlapping scales. The
- round-stemmed bulrush shown in Figure 2-7'is the .
- common tule or softstem bulrush (Scirpus validus). This

plant is common to both brackish and freshwater marshes
Another common bulrush visible from the dykes in

- brackish marshes is the triangular-stemmed Seacoast
Bulrush (Scirpus maritimus). The Three-square Bulrush -

(Scirpus americanus) which grows along the seaward
margin of the outer delta marshes is an 1mportant food

‘source for Snow Geese.
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- much like grasses; however, there is-a s1mple way to tell

‘stems W1th hard Jomts Remember sedges ‘have edges

. the massive root stocks, containing a core of almost pure .

o Afrom a distance because of its feathery, silver leaves. This:
is a plant that can be found in brackish marshes, butit can
“also tolerate _the_ higher salinities.found' in saltmarshes. . -

The most common sedge in the brackish env1ronment is )
Lyngbyei's Sedge (Carex.lyngbyei). Sedges tend to look -

them apart. Sedges have stems with three sharp edges and . -
soft joints (nodes), whereas grasses have round hollow

) Cat ta11s (Typha latzfolza) are consplcuous tall plants
with brown velvety heads. These plants are found near. the
dike, in ditches, and just about anywhere where there is.
fresh or brackish stagnant water. What you can't see are

_',PACIFIC, -
SILVERIWEED

starch as much as corn but with less fat

Pac1ﬁc Sllverweed (Potentzlla paczﬁca) is often v151ble f >

--------

RIVER ROAD-

BLUNDELL ROAD

s - _ " FRANCIS ROAD
&%Mnﬁﬂm‘fu - : A
S S CATTAILS.
& . . o
- o
sl - === DIKE
z | o
STEVESTON : .
=y . . -
S FIGURE 28
: - - _ Location of Richmond Dike
_ s |~ . -alongSturgeon Bank’

| FIELD_TRIP DESTINATiON:-Sturgeoh Bani; -

Sturgeon Bank foreshore is one of the best and most .
eas11y reached areas in the estuary for viewing ‘the brack1sh
marsh habltat ThlS area can be enj oyed from Rlchmond S

" ‘western dike system (see Figure 2-8), which affords-an
.unobstructed vista over much of the delta. Adjacent to the

. dike is a one-kilometre-wide foreshore marsh. Barely
v1s1b1e beyond the marsh is the extensive
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“ ' l:l : You wﬂl probably see and hear many Red-wmged L
R Blackblrds espec1ally in the spr1ng, as they feed and

. t1deﬂat area of the delta These t1dal ﬂats extend another .
7 five kllometres to the outer. foreslope of the delta in the
N Strait of Georgia Figure 2-9is a combined dep1ct10n of a '
- :typlcal 1nner and outer foreshore commumty ‘

R1chmond d1kes can be accessed from a number of road-

f ends 1nclud1ng Westmmster nghway, Blundell Road and :

.. Francis Road. The dike connécts W1th Garry Po1nt Park'in-
' Steveston (Figure 2-8). ThlS parkis a good accéss point -
~ particularly sulted for large groups because of its. ample
. parkmg space ' :

The dikes are well su1ted for travel by b1cycle A trip, can

' begln at the Mlddle Arm near the D1nsmore Bridge, e
e cont1nue on to Terra N ova, and south towards Garry Pomt.,"l "

2N R

<

o :,WhattoLookFor - co S

fI:I F1gure 2 7 shows some of the common\marsh plants
... seén from the dike. Try to find Lyngbye1 s Sedge B
o Compare this to-one of the grasses growing near the o
o dike to see the obv10us d1fference between a sedge and SR
'-ggrass o o o

D:__".The small amount of salt in bracklsh Water can’ become, Lo

) .jconcentrated 1n some areas as stagnant water .
,.evaporates over the summer. Evidence for, th;ls is the

o ,_presence of saltgrass a saltmarsh plant descrlbed on .
.. 'page 47. See if you can d1scover one of these s1tes . e a
' --'.-_ad_]acent to the d1ke L Ty

” El ,. M1ce and voles ﬁnd homes under dr1ft logs Wh1le m1nk .:: o
L ".and Short ta1led Weasel prey on these small mammalsT a
“ .. You w1ll be really lucky if you spot one of these small

. ‘mammals .
A e

- nest in the Vegetatlon of the upper- marsh The red- o

o shouldered males are eas1ly recogmzed

- 1 ‘Tn sprmg, Wlnter and fall Snow Geese are dlstmctly _ _
~ heardin’ outer reaches of the marsh Ttisa spectacular T
‘ ) s1ght when hundreds of these geese suddenly take oﬂ' o

L “from. the marsh e -

-

| ReD-wiINGED .
 BLACKBIRD -



‘OTHER FACTS AND FIGURES
Hoyv Sturgeon Bank Got Its Name -

. " In the early 1790s, Captain George Vancouver yvas .

commissioned by the British Admiralty to chart the west

- coast of North America. While searching for the mouth of
‘the Fraser River, he and his crew purchased some "fine 7

sturgeon, of from fourteen to two hundred pounds each”

~_from the Aborlgmal people who proceeded across the banks -

towards their larger ships. Henceforth the shallow area

_ between Point Roberts and Point Grey appeared on
- 'nautlcal charts as Sturgeon Bank. It may not have .

occurred to Captain Vancouver that sturgeon frequent the

, E _.‘mouth of large rivers, so he left the area not knowmg he,
- ,had found the mouth of the great Fraser River. .

g Snow Geese A Wonderful Spectacle of Whlte :

' Snow Geese from Slberla travel along the Br1t1sh Columbla )
coast to winter in the Fraser River Estuary and the Skaglt
" River estuary in Washmgton State. As many as 40 000

birds gather on the Fraser delta foreshore, where they feed

. extens1ve1y on the below-ground parts of marsh plants
: (espec1ally bulrush) Flocks also travel a short distance

inland to graze on the agricultural land in the upland

portion of the estuary's delta. A few agricultural fields on -
. Reifel and Westham Islands are managed by Environment
' Canada's Canadian Wildlife Service specifically to provide -
- food for Snow Geese and other waterfowl. The Snow Geese
~* are active in the estuary for up to seven months. each year
‘ and this wintér residence in the Fraser River Estuary is an

essential part of the1r hfe cycle

40 .
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Terra Nova - A Productive Corner of the Estuary

The Middle Arm of the Fraser River flows into the Strait of
Georgia past Terra Nova, which is situated in the
northwest corner of Lulu Island (Richmond). The dike
which curves around this aréa offers an excellent view of
the rich and varied life associated with the estuary's
marshes. In the spring, millions of Eulachon fish migrate

- up the estuary to spawn. One of the predators, the sea lion,
~ can be seen hauled out on Swishwash Island. Bald Eagle

and terns also feast on the Eulachon as they become
trapped in tidal channels at low tide. Tidal channels and
fringe marshes along the Middle Arm are attractive habitat
for Mallard and Widgeon ducks as well as Coots. Winter
concentrations of Western Grebes, often seen in large, -
tight flocks are part of the largest flock in Canada. These
elegant, long-necked birds dive for small fish. :

FIGURE 2-10 Terra Nova
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~Saltmarsh and Tideflat

Where is this habitat located ?

Saltmarsh habitat is located in areas of the outer estuary,
away from the freshwater influence of the Fraser River
LONG- BILLED discharge. The most extensive saltmarshes occur along the
POWITCHER Boundary Bay foreshore. There is also a saltmarsh on the

foreshore of the Tsawwassen Indian Reserve, between the

coal port jetty and the jetty leading to the ferry terminal
(Figure 2-11).

Smaller estuaries along coastal British Columbia are
almost entirely dominated by saltmarsh and tideflat
habitat. This is because the volume of freshwater flooding
in these smaller estuaries is much less than in the Fraser
River. As a result, only saltmarsh vegetation can grow on

FIGURE 2-11 the estuarine tideflats.

Location of Saltmarshes
and Eelgrass Beds

VANCOUVER

e

I sAL™MARSH
EELGRASS

--- LOWER BOUNPARY OF
INTERTIDAL FLATS
(LOWEST NORMAL MIDE)
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' Vbecause the saltmarsh is constantly exposed to the salty
-effects of seawater. The salt tolerant plants growing in

_ the saltmarsh are smaller and less productwe than the -
~plants of brackish/freshwater marshes. Also, the - .
" saltmarsh does not extend as far seaward from the d1ke
as do the marshes of Sturgeon Bank '

. What lives zon the'extensive tideﬂats ?
"The tideflats beyond the saltmarsh habitat support large

_ beds of eelgrass Because these submerged aquatic plants
“can tolerate. only brief exposure to the air, they. occur. near :

- far away from the dike to be seen; ‘but in winter, large piles -
-+ of dead eelgrass leaves are ‘washed 1nshore In sumner, ‘
‘ 'eelgrass is easily seen after a short walk across the tideflat

- ~ marine 1nvertebrates as well as feeding Black Brant

" in the surface sediments of. the t1deﬂats These -

o ,What are the features of the saltmarsh ?

_ AAs with the brackish and freshwater marshes in the Fraser. '
River Estuary, a large unvegetated tideflat extends ., -~ o

seaward from Where the saltmarsh ends. The tideflat at

_ Boun dary Bay is- ‘within easy reach and in most plates ' o o
prov1des a firm surface to walk on. By contrast, the . Coe L
At1deﬂats off Sturgeon Bank are located far from the dike - NS '

and are very soft and muddy due to the f1ne silts .
originating from the Fraser River. Caution should be
exercised Wherever a tideflat is explored on foot. In th1s

, d1scuss1on the t1deﬂat hab1tat has been 1ncluded Wltl‘l the

saltmarsh habitat, because both can be eas1ly explored and '

. 'studled at the same time.

' After v1s1t1ng the brack1sh/freshwater marshes of :

| "-Sturgeon Bank, the. dlfferent appearance of the saltmarsh

habitat will be quite obvious. Much of this difference is. -

BLACK BRANT'

and below the lowest tide level. The eelgrass- beds are too

at, for example, Centennial Beach or White Rock Beach. o (e W ol | “)"'l i .
Eelgrass beds are an 1mportant habltat for many small / N [}

flounder, Dungeness Crab and spawnlng Pac1ﬁc Hermng

Large numbers of small marine 1nvertebrates also live.-

1nvertebrates consist of marine worms such as Ragworms g
and Lugwerms, burromng shr1mp and mollusks.,So, |
although the tideflats look rather lifeless, there are '
- actually hundreds of small 1nvertebrates 11V1ng below each
square metre of sed1ment surface ' o

' 43...



ROMGH LEGGED
H HWK

FIGURE 2412 _

The Pacific Flyway

| V'Wh‘y are there S0 many birds 7.

All of this 1nvertebrate food supply doesn t go unnoticed by
~ birds. The tideflats are used by the largest numbers of

: shoreb1rds on the Br1t1sh Columbia coast: The most ’
commonly occurrmg shorebirds are. sandp1pers (Western A

and Least) and Dunlin. More mformat1on on shoreblrds is
prov1ded later in this chapter '

About one m1lhon b1rds use. Boundary Bay each year

because 1t is located on a major bird m1grat10n route the - s

\Pacific Flyway (F1gure 2- 12) These birds, many of them

. ducks and shoreb1rds arrive in late summer and- autumn o

from northern breed1ng grounds and remain throughout
the w1nter ' '

Farmlands in: the Fraser River Estuary are also an
1mportan restmg and. feedlng habitat for birds.
-0 erwmterlng swan and geese’ populat1ons grub for -

o remnant root,crops in agricultural fields. In uncultivated
‘ farmland commonly known as old fields, birds of prey such-
_ as hawks and owl\s are more abundant than anywhere else S
L along the British Columb1a coast. ' -

Uncult1vated farmland supports large populatlons of
small rodents such as the Townsend. Vole. These. voles’

B make up the majority ofxthe prey caught by Common Barn-- B

Owls Shortieared Owls and Roughlegged Hawks. In
Wlnter even Great Blue Herons feed on: these voles when'
fish are hard t\o catch. Few of }these so-called "old field"
hab1tats remain, since many have already been lost to
urban and indus\trial developments,

TOWNSENP'S -
, Vo,e.” -
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ACTIVITY 5:

, LIFE BENEATH THE TIDEFLAT

Ttis Well Worth explormg the sand and mud of the c

| tideflat because it is a namtat that most people are

: 'completely unfamiliar vv1th It is also a habltat that

should be apprec1ated for its abundance of 1nvertebrate R

life and act1v1ty You will be surprlsed at what the :
t1deﬂat has to reveal S S o

| ObJectlves. N

K The obJectlve ‘of thls act1v1ty is to closely 1nspect the -
»surface of the tideflat and to d1g up a small square area

(quadrat) so as to .observe and examine the bottom ,

' \dwelhng mvertebrates (F1gure 2- 13)

Equlpment T e
"To do thlS act1v1ty you wﬂl need a small shovel or-
ik,trowel and a ﬂat tray and magmfymg glass for:
studying the collected 1nvertebrate spec1mens A “
1 kitchen colander and coarse sieve will be needed to .
separate the smaller spec1mens from the sedlment To "}
;do this, you W111 need a source of Water to Wash the
| sediments, reveahng the invertebrates which are too
. tlarge to go through the holes of the colander or s1eve

;Procedure.a A

- ;1 Find, an open area in the saltmarsh or walk to the
" | . open tldeﬂat Exannne the mud surface Very closely -
ﬁnd and 1dent1fy the followmg ' Ca

FIGURE 213

.. Sampling on the Tideflat
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FIGURE 214
--Tideflat Invertebrates - - -

(Glycera) =~

- %WIZ. 'xy.'.‘#-* w

LUGWORM -

. SCREW'SHELL = &
(Bahuarla) EE

- MUSSEL
- (Mytilus)

7)) BLACK oG WHELK.
~=" - (Nassarius) |

SOFT-SHELLED CLAM (Mya) |

PROBOSCIS WORM .

(Abarenicola)”

 EpipLe. BLUE .

. ALGAL MATS Blue -green algae form rubbery mats on |-

the tideflat. On the mud surface you may also see
" brownish layers of dlatoms (a microscopic alga). -

GRAZING TRAILS: A grazing tra1l isa linear mark -

- made in the mud by small snails ‘(g’astropeds) as
they graze on diatoms living on the mud surface

. You may even: ﬁnd one of these small snalls asitis
grazmg or restmg on the t1deﬂat

‘FECAL CASTS: Many of the small tideflat -
* invertebrates live in tubes or burrows. To keep their

. ‘burrow. clean anythmg that is excreted (fecal -

) matter) is pushed into a small p1le around the tube '

- entrance. These small plles are called fecal casts.

I "~ You will n0t1ce mahny small consp1cuous lookmg
- p1les all over the tideflat. :

2. From your 1nspect1ons of the t1deﬂat surface finda

locatmn with a lot of evidence of mvertebrate activity.
Dig up a small area to a depth of 10 - 20.cin and-

_examme the sed1ments for large 1nvertebrates such as
_ clams or mussels Sift through the remammg mud and
| sand (using your colander and sieve) to find smaller

1nvertebrates such as burrowmg shrnnp and mariné
Worms '

= 3 If you d1g up an exact area of mud (e.g. 25 x 25 cm)

and count the total number of different animals

- collected, you can calculate the density of animals. See
if you can figure out how many. invertebrates would
- oceupy a square metre, or the entire t1dal ﬂats of

Boundary Bay (6 000, hectares)

4. Use the 1llustrat10ns in F1gure 2- 14 to help you
.. | -identify the invertebrates you have collected. If you
. find something not shown in Figure 2-14, measure the
animal's size and make a clear drawing, Later you can |

contact a biolog"ist or naturalist to help you identify

_your dravvmg Also, refer to suggested 1dent1ﬁcat1on
"gu1des glven on page 119.

s
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. Some of the Dominant Plants - - .

a2
Y

T FIELD TRIP DESTINATION Boundary Bay

1

» . The saltwort (Salicornid vzrgzmca) is one of the most

o -common saltmarsh plants in the Fraser, River' Estuary, and ;
"'1n smaller estuar1es and protected bays of coastal Br1t1sh
Columbla Commerc1al harvesting of this plant in'the

It is sold to restaurants Where 1t 1s served as' Sea
: Asparagus '

) .three other common saltmarsh plants: saltgrass (Dzstzchlzs o .
;‘ __--vstrzcta) saltbush (Atrzplex patula) and)arrowgrass L
L (Trzglochm marztzmum) These plants possess adaptatmns Vo
* typical of the’ saltmarsh env1ronment W1ry structure and a ...
' 'tough outer covermg ‘ : : R

- Boundary Bay is the best and most access1ble locatlon for ERUE
. explormg and studymg the’ saltmarsh and t1deﬂat hab1tat
_ - Most of the major roads between’ and 1nclud1ng 64th and o &

S 112th Streets south of nghway 10 in- South Delta end at i s ]

o the dike (F1gure 2- 11) There is- pedestr1an access to the : o
- d1kes and a'good view over the saltmarsh Tt

s for a.closer look at the vegetat1on and tideflats. Make sure L
'A your ﬁeld trip comc1des with a low tide. Any t1de below R
- 30mat’ Po1nt Atklnson w111 prov1de good accesstothe .~

. saltmarsh and t1deﬂat Dally tide levels are pubhshed 1n

- the da1ly newspaper and in the Canadzan Tzde and N\

- . Current Tables, Volume 5 Whlch can be purchased at most, N

boatmg supply stores ‘ o

Stralt of Georgla amounts to about 20 metr1c tons a year S
'/‘

Flgure 2 15 shows an 111ustrat10n of saltwort along W1th' e

. Eelgrass (Zostera marma) is a common submerged

S k ,-aquatlc plant growing’ throughout the lower 1ntert1dal and: | g ALTGRASS.
... shallow subtldal area of . Boundary Bay-and Roberts Bank ( D,snchl |e)
©» -Since eelgrass beds are rooted i in-a soft, and ﬂat bottom and '
‘provide a thick canopy of leaves, these underwater : . ‘

'meadows s1gn1ﬁcantly enhance the nearshore marlne v

L env1ronment Eelgrass meadows stab111ze sediment and -

e provide good. cover: for aquatic anlmals This results'in a .
' Amuch greater d1vers1ty of ammals W1th1n the meadow than S
“in adJacent unvegetated areas e o S

It is relatlvely safe and easy to walk 1nto the saltmarsh |

K

"FIGURE 215 -
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. 'FIGURE26 f What to'-'Liook For""
L ".Blrds of the Estuary

-

D See how many deferent plants you can ﬁnd Wh1ch are .
adapted to the saltmarsh Look for w1ry plants woody:' '
h stems and th1ck leaves : o

SO If you closely 1nspect the leaves of salt- tolerant plants o

S you can'see tiny salt crystals on.the: leaf surface. N
' Saltgrass 1s usually a good plant to 1nspect Saltmarsh’ L

e plants must excrete the excess salt they take up in RN
: seawater '

0 A VlSlt to the saltmarsh in Wmter will allow you to see‘r .
o : huge plles of dead eelgrass washed ashore by winter . '
o storms. Some local people collect th1s dead plant
. ‘material because itis'an excellent compost-and S
o fert1l1zer for the garden However the piles of eelgrass S
. are best left in place where they Wlll contr1bute to the
A fert1l1ty of Boundary Bay. .

o0 Boundary Bayisa b1rdwatcher 'S paradlse Smce there L

- areso many different kinds of birds iri this area, it i isan -
:"advantage to brmg along b1noculars and a good bird

. field guide. You can also try to 1dent1fy the birds you see L

- By their shape and profile (s1lhouette) F1gure 2 16

. shows the s11houettes of some commonly- occurrmg

‘ 'b1rds See how many of these bird- shapes you can

RS identify without looking at the answers: provided in.
. Flgure 2- 20 several pages: on.- T :

i D If you are accessmg the d1ke from 112th Street you Wlll
L »1mmed1ately notice an old d11ap1dated building.on p1les
B s1tt1ng in the saltmarsh. This building is all that '
- remains of the once-thriving oyster 1ndustry of*
T Boundary Bay Why do you suppose oysters'are no
longer being harvested? For an answer to thls quest1on
: read Chapter 4, S :



- OTHER FACTS AND FIGURES

Shorebirds - The Mud Probers of the Tideflat

Several million shorebirds migrate through the Fraser -

- River Estuary, and many remain all winter. These birds

feed on the tideflats by probing and searching in the mud
with their beaks. There are many different kinds of bottom-

dwelling invertebrates to choose from; some live on the

surface while others live at different depths in the mud.

‘Shorebirds have evolved a variety of different beak shapes

and lengths, each specialized to probe for and handle a T
particular kind of invertebrate (Figure 2-17). FIGURE 2-17

Feeding Habits of Shorebirds

LONGBILED BLACK-BELLIED
CURLEW  DOWITCHER DUNLIN SANDERLING  PLOVER BLACK
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Medium-sized sandpipers, like Dunlin, are very
abundant in the fall, winter and spring. Look for them
probing for invertebrates that make comparatively shallow
burrows, such as the burrowing shrimp (Corophium). Long-
billed Dowitchers can probe for deeper organisms in muddy
brackish areas and along the shores of shallow ponds and
sloughs. ' |
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_ Bacteria and Algae - The Unnoticed Heroes

‘ ;Coastal marshes and mudflats are an-ideal habitat for
N many d1fferent kinds of bacteria. These are natural and -
. beneficial bacteria, not the types that are harmful to .

- humans. By decomposmg the rich supply of organic matter

.. inthe saltmarsh and tideflat habitat, bacteria createa

g nutr1t1ous source of the 1mportant detrltus that supports
the estuarine food web. The decomposition of orgamc
matter also recycles important plant nutrients, such-as -

" nitrogen; back to the marsh (Figure 2-18).

- FIGURE 2.18 -
 The Nltrogen Cycle

- Nm'ogen Gae

N, I (mm///u//u//n////uﬂ///mr//m/rlllllm-*.__h '
2 :

& o SALTMARSH/TIDEFLAT . |«

£ _Bacterla along with other

@ microorganisms- such as. fung1 and

i o protozoa, play a very important role in-

D Ob’g anic " ‘.recychng orgamc nitrogen so that the -

) N”*’Ogeﬂ _ marsh can sustain itself. There are even - |

C;), " .| specialized bacteria that use nitrogen gas

i - | fromthe atmosphere to produce plant ’

@ _nutrients, and other bacteria that use.
C?

, orgamc nltrogen to recycle nitrogen gas .
: "back into the atmosphere. Each ofthe =~
d1fferent forms of nitrogen (NH NO
. B NO N ) are used and converted by :
CD ' .4 ,' spe01ﬁc bacterla

Nl’rrli'e » M'CVO-Orgamsms

’Wnoma _
TNO;

NH* '

Mlcro-organlsm‘e»

» Mlcro orgamsVﬂs '
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| There are -many different kinds of specialized bacteria, -

' "-such as those that create the foul smelhng marsh gas you e
o Iprobably notice when you. Walk into a muddy area of the
- _-,'saltmarsh and t1deﬂat hab1tat This "rotten egg’ smell is
,"',due to hydrogen sulﬁde gas produced by bacter1a 11v1ng in _
mud Where there i is no oxygen N1trogen gas is produced. by .
_ another type of bacter1a that. thr1ves in oxygen-free zones of* - . o
“ the saltmarsh and t1deﬂat habitat (F1gure 2-19). These " = 3
_ , _spemahzed bacter1a are extremely 1mportant because they S
" help maintain a global chemlcal balance m the a1r Water .
o and s01l (the blosphere) ‘ SRR '

In sorne, locat1ons of the t1deﬂat you may not1ce dark-

colored mats which’ have been formed by blue green algae
. These strange -looking mats dre generally not recogmzed as.’
v algae because of their odd color and rubbery texture. In. -
*fact, scientists th1nk that blue-green. algae are in some
T ‘ways related to bactéria. By trappmg sed1ments these
- blue- green algae mats are the ﬁrst 1mportant step.in \
- prov1dmg stable and nutrlent-nch sites for marsh plants to
~ ‘colonize, thus contr1but1ng to the development of new
- saltmarsh hab1tat I '

)

- Other 1mportant groups of algae that 11ve on the t1deﬂat e

: :.hab1tat are m1croscop1c in- s1ze These algae called: diatoms, o e

- can often be detected by the bI‘OWIllSh to: golden layer they S
‘ form on the mud surface Sinice many different surface- e

L 'dwellmg mvertebrates graze on d1atoms these algae are a :

- .v1tal food source on the open t1deﬂat ' :

Much larger and more V1S1ble is the green alga T

‘ (Enteromorpha) which grows in: bundles of slender hollow .'
" _tubes. When this alga is dead, it becomes bleached and

can look like an1mal guts In fact a spec1es of th1s alga is

called Enteromorpha mtestznalzs cen e LT \

i
N
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" BACTERIA

FIGURE2-19-
~ Bacteria and Aigae
... ofthe Estuary -

DUTOMS -



FIGURE 2-20 -Birds of the -Est-ﬁary.'(gn'sv'ver;tb silhouettes) " .

BIRDS
COMMONLY
SEEN

- American Widgeon -

 Nortriern Pintail .

O Mallard

Dunlin -

Black- bellied Plover

‘Westékh Sand ia.'l‘per

Bald Eagle
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Active Floodplain Forest

Where is this habitat located ?

forest.

Most of the extensive floodplain forests that once grew
in the lower Fraser Valley have long ago been converted to
farmland or urban-industrial development. There are only
a few remaining pockets of large and active floodplain

- forest such as Matsqui Island, Surrey Bend, Douglas
Island, and a scattering of fringe forests along the
‘riverbanks and sloughs of the estuary. Figure 2-21 shows
the location of some of these remnant floodplain forests.

FIGURE 2-21

Location of Undiked
Floodplain Forest

Floodplain forests are located at and above the high tide level,
~and also exist on the floodplain where rising river levels
create seasonally flooded conditions. These forests tend to
blend into other forest types. For example, in drier sites, and
at higher elevations, floodplain forests merge into coniferous
coastal forest, whereas in wet and poorly drained sites, bogs
tend to dominate. Thus, undiked and well drained areas in
the estuary which are periodically flooded by high tides or
high river levels, will likely support some type of floodplain

BURNABY ), ,-gé
VANCOUVER e > -
: : e Main A DOUGLAS 15LAND

Fraser River
SuND
SURREY N

N

MATSQU
T IGLAND

Il FLoovPLAIN FoResT

UsA
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L ‘What's the dlfference between a swamp
= ,andamarsh" T

L Ttd 1s qulte common to hear people refer to any Wetland area .

\

" there. However, trees and shrubs are the main - .~
T “character1st1cs that set'a swamp apart from other Wetland
S 'types Swamps Wh1ch represent the wettest-locations of
e : the ﬂoodplam forest support trees and shrubs. well adapted
.to water- saturated soils. Marshes, on the other hand -are.

“because: they are adapted to even Wetter condltlons than G
- are’ trees L : ' - '

LT T ROUGH SKINNED NEWT

- .What is the ecologlcal value of a
e ﬂoodplaln forest 2 o

: There are so. feW actlve ﬂoodplaln forests rema1n1ng that
‘1>b1olog1sts have had little opportumty to undertake deta1led

. vegetat1on growth in ﬂoodplam forests i is 1mportant in-
o :"retalmng and controlllng excess runoff in the Watershed
B 5,These forests also have the capamty to ﬁlter and pur1fy

o -water thereby 1mprov1ng a Watershed s Water quahty '

_ Forest marg‘ms serve as an 1mportant trans1t10n zone
. between the marsh and the forest habltat This marsh- |
L forest trans1t1on zone ‘provides forest- dwelhng ammals an

55 o

7 as swamp, regardless of what type of hab1tat actually ex1sts e

: dommated by | grass -like plants (grass, sedge and rush) _ e

studies of the1r local ecology However we do know that the .

vjia.opportumty to venture 1nto sunmer and more open areas to R



7//////2%///./////,.7//,/%.,,%./Vl/l/vm»ﬁ/ﬁf/é///;ﬂy%é#ﬂw/ﬂl/éuv/////.//lﬁﬁ/‘ SN

. AN \ .Wﬂ .WAw.ﬂ e, ) 4 I& N /.M-VM“\ \\

e S .. ...\ . \\ x . . .
SR

[.a]

OREeGON J-MN co )

56

/N

. ROBIN -

CATTAILS
€ SEDGES

' FIGURE 222  Wildiife Crossroads in the Floodplain Forest
\\\&\\\\\\\\



. L . . B . \ . . . . . . - o o

" f_sloughs provide cover as well as a source of food for
_organisms living in the water. J uvenile ﬁsh espec1ally

Sbme of the Dominant"Plan_ts

o Ident1ﬁcat1on of trees and shrubs in the floodplain forest i 1s
. relatively easy if you look at the shape of the leaves. In
‘winter, when there are no leaves present; the shape and
- _structure of branches can be used to 1dent1fy the trees: and

'forest is'the Black Cottonwood (Populus trzchocarpa) It
- attains heights of up to 38 m (125 ft.) and is the largest

- . big trees have been cut down because the1r logs produce

. wide boards of knot-free lumber, or more recently, wood
. ‘pulp for tissue paper.

. 1llustrated in Figure 2-24. This figure can be used asa-

- feed, while marsh creatures can seek food, cover and

shelter in the swamp forest. Birds such-as Great Blue

- Herons owls, hawks, Wood Ducks and songbirds feed i 1n
‘the open 1 marshes and tise tall trees in the nearby swamp
for nesting or perching. The Puget Garter Snake seeks - |
cover at the forest edge and feeds near marshes on - .
: ;amph1b1ans earthworms and the occasional small fish. The
“edge between the marsh and forest i is therefore arich =
. "wildlife crossroad” for marsh and forest creatures (F1gure -
'2-22).

- Trees and. shrubs on the banks of river channels and. cy |

salmon ‘benefit from the cooler water prov1ded by the

e shade of wooded nverbanks Dead branches and other ..

snags that have fallen into the water offer excéllent hldmg
places for small fish, which feed on insects that fall from

the tree and shrub canopy. Deciduous trees also contribute
detritus to the estuary as they- shed the1r leaves each year: -~

FIGURE 2-23
‘Black Cottonwood .
(Populus trichocarpa) -

shrubs

The b1ggest and most maJestlc tree of the ﬂoodplam

broad leaved tree nat1ve to Br1t1sh Columb1a Most of these

Other typ1cal and commonly found trees and shrubs are -

simple summer and winter key to help 1dent1fy the leaf and
branch structures of trees and shrubs

r‘..57.



1FI(§URE‘ 2-24 Tﬁees_an_d S‘hrubs of t_he‘FIbodplai.n Fo'r'est, .

- PACIFIC
WILLOW"
(8alix- -

Ji

. lasiandra)

- SALMONBERRY - :
(Rubus spectabilis)

THIMBLEBERRY
(Rubus
patviflorus )

(Rharmnus

. CASCARA .

o purshlbna_)-. ‘

- SNOWBERRY
A Symphoricarpos occidentslis )

" OREGON
ALDER.

- (Alnus rubrs) | .

WESTERN
CRABAPPLE  ~
+ (Byrus {u'sca). o

(Sambucus.
- racemosa)

" ELDERBERRY

| HARDHACK -
- (spirea douglasii)




.| HARBOUR
| PARK

E 'F]-ELD.}I”‘_'RIP DES’I‘INATION: Riverside Parks :

' The most convement places to study rema1n1ng ‘active

. ﬂoodplam forests are two r1ver51de parks: Ladner Harbour .f L

g Park in Ladner and Fraser Foreshore Park in. Burnaby
(blgure225 and226) o '

LADNER .

£ WABITAT .
L REsToRATION :
~~'5rre R

N
>
2
=

LADNez_muNgg.f;o,qD ~

Ladner Harbour Park can be reached from Rlver Road
in Ladner It has been developed into a family park yet it

" retains a forest, dominated by large cottonwood trees wh1ch
_ blend naturally into an extensive tidal marsh The wet -
.transition zone between the cottonwood forest and the -

" marsh represents the type of forest habltat Wh1ch once"

‘ occurred along much of the undlked areas of the estuary.? :

o <BOMNPARY ROAV

v-"GILLE’(

- _\ MARINE WAY -

FRASER FORESHORE /"

Fraser Foreshore Park is located in- Burnaby on the

S North Arm of the Fraser R1ver (Figure 2- 26) Ttis

access1ble from the foot of Byrne Road (south of Marine -

Way) by a ‘trail which: heads West and. then north all the: .
'Way to Marme Way ' A

FIGURE 2-25

o Locatlon of Ladner

Harbour Park -

FIGURE 226

Locat|on of: Fraser-

L Foreshore Park .

 PACIFIC
TREEFROG
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" EASTERN COFONTAIL RED ALDER

" FIGURE 2-27 .
" Floodplain-Forest
~ . Community

- What o Look For

[0 The floodplain forest is an excellent habitat for reptiles
- ‘and amphibians. The Puget Garter Snake and Pacific-
Tree Frog are two common inhabitants of these forests.
Please return these animals to their habitat if you are
Tucky enoughto catch and examine one. - ) '

O Inspect the ground underneath large branches that are

- likely to be used by resting owls. Here.you may find owl
" pellets which are the undigested remains of the owls' .~
meals. These pellets will reveal tiny bones of the prey
eaten — a mouse, a frog or perhaps a snake.

O If you look up into the cénopy of the cottonwood and -

alder trees, you may see the stick nésts of the Red-
tailed Hawk. If the nest you see is especially high and
' gigantic, it could belong to a pair of Bald Eagles. There
may also be nesting boxes attached to the tree trunks to
- provide additional nesting sites for Wood Ducks.
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I:I The Eastern Cottonta11 Rabbit is. abundant at Ladner

f;Harbour Park. ThlS rabbit is an arr1va1 from an

o ,Thls act1v1ty w111 requlre trowels buckets shallow
| trays, plastlc jars, -plastic spoons, hand lenses, ~; T
N binoculars; clipboards and notepads To help with:: your .
[ search and record’ keepmg, a'sample form, Mlcro- ', dope
habltat Study Sheet", is prov1ded (Flgure 2-28). 7 -
V Cons1der studymg the followmg m1cro-hab1tats rottmg |

”fhcnvnYe

A FLOODPLAIN FOREST MICRO HABITAT

lgSHHW

. Thefloodplain forest contains a diverse.variety of.

- plants and animals, mainly because-it: supports many

- different micro-habitats. ‘A micro-habitat is & small -
] 'hab1tat w1th1n a larger habitat Where a plant or anlmal
| can live, In a ﬂoodplam forest mlcro-habltats may .
include a rottlng log, the. canopy of a tree a small pool

of water, and so on. A scayenger hunt: Wlll serveasa .

" good’ opportunity to increase your awareness about the 1
' r1ch and var1ed forest enwronment ’ oo

«f o

g ObJectWes- R ,“

' Partlc1pants 1n the scavenger hunt W111 be able to

. | describe some of the many different m1cro-hab1tats
-1 found in the ﬂoodplaln forest. They.will acquire: the
) ab111ty to collect and record 1nformat10n about the
| env1r0nm ent 2 ' . e PR S

Equlpment'

gk

1 leaves You may also ‘use- other examples in the ﬁrst .
'f;“.«row ofthe Study Sheet P rhom et

V61'

' i» .1ntroduced populat1on in the State of Washmgton The1r L
T nests are constructed 1n underground burrows -
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.
FIGURE 2-28 Mlcro habltat Study Sheet

MICRO HABITAT STUDY SHEET

For each mlcro habltat answer the foIIowmg questlons

1. What is the
" ‘nameof the
‘micro-habitat?: .

‘2. Describeit. © - | g

1 3. .What animals
* ortheir signs:

do you see .

there?"

| 4. Whatelse.
might livein -
- this habitat? -~ .

5. Why would'an
animal want to
_ live in this
" habitat?

6. Describe the
plants you
- find there? R

7. Drawa plant .
and an animal
you see. '

' 8. Whatarethe
~_signs of human
influence?
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Procedure

L D1v1de the part1c1pants 1nto groups of 4 5 and glve
them any of the equipment 11sted above that youcan |
acquire, G1ve each group a: chpboard Wlth a copy ofthe |
Mlcro-habltat Study Sheet,

S Each group should look for four dlfferent micro- ’
habltats and answer the questlons for each of these onj'
" the Study Sheet Everyone should also ﬁnd or- descrlbe

o 1tems 1nd1cated on the Sheet

IMPORTANT O

Th1s is an excellent t1me ‘and s1tuat10n to. encourage _
respect for the outdoors The followmg gmdehnes o

' should be remembered on any outlng

Don't collect any 11v1ng plants»or thelr parts (bark
flowers, leaves) : Joe e .

Don t collect b1rd eggs or dlsturb the1r nests
 Don't mar the landscape Wh11e collectlng

Return anythlng gathered back to the env1ronment

o Reﬁll all Holes dug and return overturned rock:s or logs’
ol to the1r or1g1nal pos1t10ns £ : : W e W

Treat the area W1th respect and preserve 1ts beauty forg_ -

others S P S

g After the study, gather together 1n a group to
d1scuss the followmg

e

ReV1eW and compare ansvvers to the questlons on; the "
Mlcro-habltat Study Sheet ;5 b e ' ’

What are Some ways that these m1cr0-hab1tats can be v
damaged or destroyed by carelesS peopl e‘? ve

{‘ W

: Are there- any ways to help protect restore 0T enhance

R these mlcro-habltats‘? '.- T A T

Why is this spec1ﬁc habltat in such 1mm1nent danger of e
d1sappeanng‘7 o ¥ '
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OTHER FACTS AND FIGURES

He’i-on Rookeries - A Vulnerable Micro-habitat

- The Fraser Rlver Estuary prov1des a rich feedmg ground _
L - for Great Blue Heron: Adult herons have the opportunlty to.
feed on small fish, frogs -and rodents in the many Wetland

: ;/;, N, - /7/ K hab1tats of the estuary. However young nest1ng herons
== / e ~\g e~ meedtobeclose to a-source of food; otherwise the longer the
7 4} “i/z {/ - ~-adults are away from the nests obtaining food for their
- ?/ H'ékoN .young, the greater the chance for predators to ra1d the
; , .

B/ ROOK€IZY '. o nest

Many herons moved to Pomt Roberts to nest after the1r i

colonies were repeatedly destroyed in Tsawwassen — ﬁrst '
by logglng around 1955 and then by urban development
.They have now been in Point Roberts for at least 16 years '
-There are over 300 nests in the Point Roberts heron
rookery, and it may be the largest in the Pac1ﬁc Northwest.
The Creston Colony near the Nicomekl River in south
' Surrey has also moved numerous times due to
disturbances related to development.

Herons need undlsturbed stands of large trees close to
- wetlands The destruct1on of these habitats has eliminated
or endangered heron populat1ons in local areas of the .~ .
: estuary Heron rookeries represent a vulnerable habitat for .
. the surV1val of th1s famous natural symbol of the estuary.




" * River Channels and Sloughs

,.Sloughs are the relat_iyely shalloi;v,a_nd»quiethackwater . ,
. .- channels found in-the estuary River channels are the fast -
. ﬂow1ng, deeper water areas while marsh tideflat and .

% .

floodplain. forest habitats’ are exposed each day as the tide -

. " ebbs. The sloughs and river channels of the estuary arean
: aquat1c env1ronment that is almost always. submerged

'-Whe’re is t_hi_s'“ habitat located? -

The Main Arm of the Fraser River downstream of New }
* Westminster splits into two channels, the South Arm and
| ~ the North Arm Secondary channels include the M1ddle
"~ Arm and Canoe Pass. There are also several minor "
f‘f_channels such as Annacis, Channel Ladner Reach and .

Parsons Channel These river channels make up a network _
of secondary channels typ1cal of most estuar1es w1th deltas '

Some of the better known and largest sloughs in the

* Fraser Estuary are MacDonald Slough, Finn Slough, Deas
" -Slough (adjacent to Deas Island Park), nearby Tilbury
" “Slough and Gunderson Slough, located farther upstream
- (Figure 2- 29). Most of these sloughs were.once open to the . -
- Fraser River at both ends, but due to d1k1ng and. ﬁlhng, the -~

upstream ends of most sloughs are now closed off by. a - . \. .~ FIGURE2-29 .

-Acauseway S I ,‘.,Majo“r‘Rive',rChanhels

. and Sloughs

© VANCOUVER -

GUNDERSON SLOUGH

" SURREY "
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FlGURE 230
' Fraser Rlver Hydrograph

] .In June durmg peak ﬂow (also known as freshet") the
- main rlver chatinels of the Fraser carry a huge amount of
B ;water-——— up to 15 000 cubic metres of water per- second

L=t
N

=
Q

FLOW (x1000CUBIC. . "o o
METRESPERSECONDy o

oOn B P ®

© MONTHS '

'FIGURE 2-31
Cross section of Rlver

Showrng Water Velocmes L

WEEKLY AVERAGE FLOW

CHANNEL DEPTH IN METRES .« " '

“River Channels .~ -

What aretheir lphy.s"i(sél featur‘es?

flows past Hope F1gure 2-30 shows what i is'called a

) ,'hydrograph— the seasonal flow of the Fraser River. The
South Arm, representing the largest channel (200 300

‘ Vmetres wide) and deepest (approx1mately 12 metres) .
.carrles 85% of the flow. The fresh river water flows over top -

- of the saltler and’ denser seawater which i is pushed up each L

JFMAMJJASOND: R .

channel bottom W1th every flood t1de

Water veloc1ty 18. of 1mportance since the main r1ver

= "channels are the route used by m1ll1ons of migrating . )
- salmon. The highest water ve1001t1es (1.0- 2.0 metres per .
: ‘second) occur in the centre of the channel. Near the bottomi )
 “and banks of the channels velocities declme to less than
1.0 metre per second (Flgure 2-31). If you were. a fish :
: lookmg for the easiest m1grat1on route. up the r1ver where :

would you sw1m9

. WATER VELOCITY (metres per second) B .
- ‘ . SOUTH co
BANK - -

NORTH ...
- BANK '(_. . D>20
- © B 1.0-15

10

Each year the river channels transport vast amounts of

B _"sed1ment (25 million mietric. tons). ‘Most (80%) of this -
- sediment (silt and clay) remalns suspended in the water
'_:'-The rema1mng heavier sed1ments (sand and gravel) are - '
_' transported along the channel bottom ' o

" 66



_ 'The river channel habitat is a cold dark env1ronment w1th
. fast-flowing water and shifting’ sediments. Other than -
_floating and dr1ft1ng algae there i is no plant production in
* the river- channels. ‘However, desp1te the seemmgly harsh

) different 1nvertebrates which feed ori the plent1ful supply of

'detr1tus These bottom dwellmg organisms are. collectlvely
' referred to as benthos (F1gure 2-32).. T

"11V1ng in the mud- throughout most of the estuary's river
o worms per. square metre) in orgamcally polluted parts of
v_'oxygen levels. Therefore, Ol1g0chaetes are often used as".

. polluted

L aquat1c ﬂy larvae, one of the most common being the m1dge a

. common epibenthic invertebrates is the Mysid Shrimp
(Neomysr,s mercedis). A fine meshed net towed on the river
: :bottom Wlll y1eld thousands of these small shr1mp

.. group of organisms réferred to as plankton In the Fraser
" Estuary, much of this plankton fauna consists of t1ny
. 1nvertebrates called zooplankton — the most common
‘types: bemg cladocerans and copepods (small crustaceans

»Sturgeon are one of the most interesting dwellers of the .
.- river bottom. Earl1er in the century sturgeon over 500
- kﬂograms were common (one weighing 850 k1lograms was |

" have been caught. commerc1ally, and one angler caught a.

Ay

' Is there any life on the riveri-bottom".’r -~ - FIGURE2:32 'Benthos

g

cond1t10ns on the fiver bottom it is home to numerous ‘

Small aquat1c worms known as Ol1gochaetes are. found

] oucocnaeTes
bottom These worms are espec1ally abundant (up to 1 000

the estuary because they can tolerate very low d1ssolved

b1o1nd1cators to’ show Wh1ch reglons of the estuary are most . . L
‘ _ CHiRoNoMIp

~The r1ver bottom i$ also home tmseveral spec1es of

larva (Chzronomzd) These larvae, which are quite common
in the estuary, are a favor1te food for Juvemle salmon. -

Bottom dwelhng orgamsms living on the surface of the.
river bottom are known as .epibenthos. One of the most -

The Water in the r1ver channel is occupled by another - ﬁ;’“‘f@;‘\

only one or two m1ll1metres in'size, F1gure 2 33)

Because of th1s ﬁsh s huge size and long life span Wh1te

reported caught near M1ss1on City). Fish upto 71 years old .

ﬁsh that- was Well over 100 years old

S WHITE STURGEON .

ot
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 FIGURE2:34 = .
" *A Self-made Plankton Net

::ACTIVITY 7 - ‘
VAN EXAMINATION OF PLANKTON

;Ob_]ectlve.

A

fSamvpliin'g% and‘studying aooplankton is-an interésting .
o -activity because it‘help"s“you appreciate the diversity of -

1 life that ex1sts in the muddy waters of river channels
”and sloughs To capture zooplankton you will need a

plankton net, Wh1ch is conical in shape W1th a ﬁne

'meshednet AR o

To tapture, exainine and 1dent1fy samples of

’zooplankton whlch hve 1n the estuary

Constructlon of Plankton Net. o

_ 'You can make your own plankton net by using the
“thin ﬁne meshed fabnc of womens' stockmgs or panty
Lhose Cut out. ‘the bottom of a plastlc ice cream bucket,

Slip the top of a large size stocking over the cut end of

the 1ce cream bucket. Fasten the stockmg to the bucket
* usmg waterproof tape. Fasten a rope or long pole to "

the handle of the ice cream bucket.

'Procedure: . ' T
Norma‘lljr a plankton net is;dragged through the water
on the end of a rope behind a boat. However, the net

“can also be rigged t6 a pole and drawn back and forth

through the water from a river bank or the end of & a

-1 dock.

To remove the ¢captured organisms from the net shown

in Figure 2- 34, first turn the net inside out. Touch the-
end of the net to some water in a wide mouthed

‘container. Many of the organisms will swim off the net

on their own, while others may need to be gently -
rinsed free using a spray bottle. Remember that the

| less water you use in this transfer, the more

concentrated will be your plankton sample.

. It is best to examine the zooplankton under a .

'_micr'oscope while they are still alive. Using an eye

dropper to pick up a few organisms, place these on a
slide (preferably a well slide), and top it with a cover

- slip.

u
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What is a slough" o

Slough isa popular term appl1ed to almost any slow-
i < flowing, muddy, shallow water hab1tat in the estuary '
Thus ‘any stlll backwater area connected toa river channel L
- can be des1gnated as’ slough habitat. The 1mportant N
L phys1cal features of sloughs are the absence of any strong o

._ - muddy bottom. The summer water temperature in sloughs, . L ’
_is also generally hlgher than in the ad_]acent r1ver ‘channels, .. -

R ,.change course throughout the estuary, old and abandoned .
 river channels’ gradually silt in and become sloughs:
- Sloughs have also been created w1th the construct1on of -
. .connections (causeways) between the river shorehne and o
.. adjacent islands. Deas Slough is an example of such a man- .
. : made slough : L - o

o Why are sloughs such a valued hab1tat‘7

' Sloughs are the most b1010g1cally product1ve habltat 1n the S
estuary, nowhere else is there such a. rich d1vers1ty of -
o . aquat1c hfe It is not- surpr1s1ng, therefore that ecologlsts o
s f: ' place a spec1al value on the remaining slough habltats of ~ - (Eogammarus)
.- the'estuary. Flgure 2-36 shows a detrltus food web. typlcal - :
* . of the slough or" ‘side channel habltat For a descrlptlon of '
.food Webs refer to Chapter 1. -

§ brack1sh and freshwater marsh and support' ‘udﬂat

- Slougﬁs DUl FIGURE235 .
——— i — ,’AquatlclnsectsandShrlmpa

1 WaTeR
_ BOATMAN -

currents, relatively shallow water (0-3mdepth) anda = ': (C orix ,d)

Over several hundred years as river channels shiftand .~ % y. | DRAGONFLY
L NYMPRH
(0donata)

SMALL SHRIMP

Typlcally, sloughs are bordered by ﬂoodplam forest

o be. found in the slough hab1tat Some sloug
_ T11bury Slough will draln almost completel
"~ low tide; whereas others such as Deas Sloug .
B retaln some water In’ e1ther case; there is. always a nearby
L place for small fish and other aquatlcorgamsms to seek -
} refuge’ between t1des w1thout gett1ng swept away by strong
S currents in the r1ver channels S :



FIGURE 2-36 Detritus Food Web of Sloughs
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' (Corzxzdae) dragonﬂy (Odonata) nymphs and small
'shnmp (Eogammerus) to name only a few (F1gure 2 35)

- F IELD TRIP DEST INATION
o Deas Island Park "

N Deas Island Park can be reached by tak1ng the second
- turnoff from nghway 99 south of . George Massey Tunnel
- and proceedmg approximately. two kilometres north along }

| Ricamony.

In addition to the bottom-dwelling invertebrates’ - .. - FIGURE2-37

| 1 .'previo'us'ly described for the river channel habitat, the © .= .;C'C?mmpon's'?Ugh:FiSh._' ‘
" quiet sheltered Water of the slough also supports a. R IR
‘ number of other aquat1c 1nvertebrates There are sna1ls

leeches, aquat1c insects. such as Water Boatmen

The slough is also the home of small res1dent ﬁsh such

~ as the Three-spine Stickleback (Gasterosteus aculeatus).
" and Redside Shiner (chhardsomus balteatus) that could

- not livei 1n the strong currents of the.river channels. Large '

- fish, such as the Common Carp. (Cyprmus carpio), wh1ch
_can reach nearly five kllograms in We1ght will seek out

sloughs in summer to spawn .(Figure 2-37 )

. THREESPINE -
STICKLEBACK -

River Road to the park entrance (Figure 2- 38) This park
belongs to the Greater Vancouver Regional D1str1ct has

. plenty of parkmg, and sponsors several public events -- the
" most notable of which is the Fraser River Fest1val usually o

held on the ﬁrst Sunday in June, durmg nat1onal

: Env1ronment Week

The locat1on of Deas Island Park is, 1dea1 for studymg o

“ the r1ver channel and slough hab1tat In add1t1on to Deas

* Location of Deas Island
- -Regional Park - -

658 AVE.

RIVERROAD .
oo ST

N

%0 A\IE o

o

. FIGURE 238 .



Slough 1tself Wthl’l represents a large man—made slough

~ thereare several smaller natural sloughs The South Arm
of the Fraser R1ver a major river channel can be viewed at
-several locations in the park as well as from an elevated
observatlon platform

that 't'o‘Look For
El Look for ev1dence of the seasonal movement of ﬁsh
through the river channel. The. presence of fish: eatmg

d1v1ng birds.such as the Western Grebe and the
Common Merganser signal the spawmng run of -

Eulachon from mid-March to mid-May. Gill net boats . ,:' '

ﬁshlng ind uly and August indicate the probable
presence of thousands of m1grat1ng Sockeye Salmon

D M1grat1ng salmon must now share the r1ver w1th deep
sea Vessels tugs and barges log booms commercial - -
ﬁshboats and recreat1onal boats. It is 1nterest1ng to
watch this vessel trafﬁc and think- about the1r port of

. origin, cargo and purpose on the river.

. ('_)THER FACTS,AND 'FIGURES |

Salmon The Klng‘ of the Fraser

The Fraser R1ver produces more salmon than any other
~ river system in the world. Five Pacific salmon $pecies _
* (Chinook, Coho, Pink, Sockeye, Chum) as well as sea- run-

trout (Steelhead) migrate upstream as-adults through the

river channels of the estuary on their way to spawnmg
grounds in the watershed. Because salmon spawnin
. freshwater and spend their adult lifein the ocean, they are

| p' - called anadromous fish. It has been estimated that,on . .
__ average, four million adult salmon pass through the

estuary each year to spawn in the Fraser R1ver and 1ts
tr1butar1es ' ' ' :

Each year; startlng in. m1d February, some 800 mllhon |

- downstream migrating _]uven1le salmon pass through the

“estuary. Many of these juvenile fish spend weeks and .

h “months i 1n the brack1sh estuary, slowly acchmat1z1ng to the
salty’ ocean During their temporary residence in the
estuary, the juvenile salmon feed on the ample supply of

72



- \-the estuary

' ,Dragonﬂles Eleg‘ant Hehcopters of the Marsh

. ‘ The metalhc dash of a large dragonﬂy z1pp1ng over- the .
'estuarme marsh brings surprise and wonder. Dragonflies

- the1r prey

have a huge appetite. Usmg its large compound eye with' -
- 30 000 separate lenses to locate prey, and its spiny legs as a -

SPAWNING .

59 iy i
Heg ys;%’,s;?sm V"g

| 1nvertebrates prov1ded by the marshes sloughs and

swamps. That i is'why the salmon's future survival depends
on the preservatlon of a healthy aquat1c env1ronment in- -

can be seen t1relessly hawkmg after the 1nsects that are

Wh1le dragonﬂ1es do not st1ng or b1te people they do

basket the dragonﬂy hunts, captures. and eats its prey in

: ﬂlght Over several\hours it may’ consume its own Welght
- in mosqu1toes and’ gnats o ‘

Late in summer, dragonﬂ1es mate and lay their eggs

‘ 4Wh1le in ﬂ1ght ‘the female depos1ts her eggs under the -
leaves of. aquatic plants by thythmically dipping her long o
'slender abdomen below the water. The eggs.develop into -
. nymphs (Odonata F1gure 2- 35) that l1ve underwater for -
' one to three years, after which they emerge as flying
‘adults. Look for the outet skin of nymphs left behind on.
" marsh’ plants by the emergmg adults ’

. :- 73 i
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o '3 HUMAN HERITAG E
‘Much' of What We see today in the Fraser R1ver Estuary is the result of

o human activity. In th1s chapter we look at’ some of the Ways people used the
o estuary from anc1ent to modern times. ‘
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: The Long P’resen*cﬁ'e ef_f Aboriginal VUAseV-

- Let us go back in time 3 000 years We are paddhng down o
- the North Arm of the Fraser River Estuary There, highup . - -
* on a bluff of the right bank, near where the northern end of

, the Arthur Laing Bmdge stands today, are three villages of

the Musqueam tribes. Cedar longhouses made of massive

' posts and planks split with antler wedges stand out over

the blu_ff facing west. Inside the houses, families roast
salmon held Securely in split skewers over the fire. . '
Children dip fish eggs into clam shells filled with seal oil,

and enjoy. a relish made from the green t1ps of salmonberry o

. ,shoots

Some members of the tr1be set out in cedar canoes to

- ﬁsh the abundant runs of Eulachon that are now m1grat1ng

up the Fraser River. Some of these fish will be eaten but

o most will be used to produce oil. MeanWhlle hunters -

prepare their harpoons fqr,the 1_nev_1tab1_e seals and

"FIGURE3-1  Musqueam Village -
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o Aporp01ses that follow. the Eulachon into the estuary Long
- harpoons are also used to probe the murky river bottom in

- search of the great sturgeon which can We1gh hundreds of
" kilograms. Others are busy setting stationary traps out on

the shallow: mudﬂats ‘They are taking advantage of the

.- tidal ebb and flow te bring great numbers- of flat fish- such '
" as Starry Flounder into their traps.

As the summer. progresses the. Musqueam paddle the1r

o canoes to the1r summer camps along the river banks. -
. Leaving the North Arm, they set up camp on the Ma1n Arm.

where Steveston is now; and position themselves for the -

. immense numbers of salmon that will soon come up the
- river. Other tr1bes at the 1nv1tat10n of the host tribe and

durmg an. abundant salmon cycle also derive. their food

* shelter and clothing from the estuary Nelghbourmg tribes
.’ from upstream of the Fraser River, from other areas ‘along

the lower malnland from the northern and southern coast ,

-"and from Vancouver Island Journey all the way to the .
. Fraser Estuary to set up summer camps for the great
» congregatwns of Sockeye Salmon ‘
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 FIGURE3:2
_ Sockeye fishing
- in the Fraser River

As the Sockeye enter the Fraser River, the: Musqueam _
paddle out into the Main Arm and, ‘between two canoes, set - -
a gill net made from the shredded bark or root of Red’ v
.~ Cedar (Flgure 3-2). The Musqueam beg1n to net their fish,

A - and as they do, they qu1etly and respectfully chant to the
fish, because the Sockeye have sp1r1tua1 s1gn1ﬁcance as Well
as food Value T '

.- No female salmon or eggs are taken durlng the ﬁrst half
- of the season, to ensure that there NVIH always be a future :

supply of Sockeye. Yet the Musqueam and other tribes

* from the lower malnland and- Vancouver Island have. more
- than enough fish. Soon the Musqueam and ne1ghbour1ng o
' tribes are hauling their catch to shore, where the Sockeye B
- are split, gutted, and stretchedvout_,on drying racks. The ‘
. dried salmon will keep the longhouses stocked with a -

plentiful food supply all winter long. The fish scales are -

| ’ '.'coloured with plant dyes and are-used to. des1gn the
- garments and household- 1tems The ﬁsh skin is dried and

stitched together to make moccasins, bags and small

i '_ temporary dwellings Wh1ch are Waterproof

The frmge marshes along the quiet sloughs of the
Fraser River are lush with horsetails and cat-tails. The

o horsetalls are. gathered and woven 1nto baskets, b011ed 1nto

78 .
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. hair wash, and the fluid used as an eyewash. The roots of
. the cat-tails provide: yet another dish for the dinner table

Whlle the leaves are woven 1nto mats and hats

Lulu Island has always been endowed W1th a var1ety of

,berr1es such. as strawberr1es and salmonberries. Large bog' ‘

areas supportmg cranberr1es and blueberries are eas1ly
reached from the river's edge. Women and other family

. members gather these berries into-their horseta11 and cat-

tail baskets. Back at camp the berries will be mashed

dried, and kept fora winter food supply

' Beyond. the tidal marshes and far out on the t1dal
mudﬂats the Abor1g1nals use s1mple sticks todigupa =
seemmgly unending supply of clams The shells of leftover ..
clam. feasts are piled up around- the Musqueam village and
have remained buried much as they were left. These

. ancient kitchen refuse piles, referred to as middens, are-
. NOwW the highly pr1zed d1$cover1es of modern-day '
-archaeologists digging through old. soil layers: Human
_ settlements have been uncovered at Beach Grove and
.Crescent Beach and the oldest site, located justa

kllometre above the Alex Fraser Br1dge dates back-9 000
years.

In splte of harvestmg by nearby tr1bes and even by the
' regular summer v1s1tors from Vancouver Island, the ' '
" renewable resources of the estuary were sustamed for _
'thousands of yéars. The tribes using the Fraser Estuary
- considered it a highly valuable area because of the large -
- concentration of edible resources, and an active abor1g1nal
food fishery has remained.-to the present time. '

e

FIGURE 3-3

Origin of a midden




FIGURE 3-4
- Fort Langley
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Settlement by Europeans

: "'The estuary did not appear Valuable to the ﬁrst Europeans _

who saw it. The Spanish sailors who moved up from their-

- bases in California did not explore the. estuary, and- ,
" Capta1n Vancouver sailed r1ght past, thmklng the estuary
‘'was a swamp rather than the delta marsh of a great river.
- Finally, in 1808 the Northwest Fur Company explorer :
- Simon Fraser nawgated the great river — but even he felt
. a sense of d1sapp01ntment when he reached the estuary He
" had or1g1na11y hoped to explore- down to the Columbla ~
. River, and was dlsappomted to find hlmself over 300
o k110meters to the north. .

Fraser s exploratlon however Would change the nature

. of the estuary in ways that he could not have 1mag1ned
‘When settlers in the United States began mov1ng into the
-Columbia estuary, the Hudson's Bay Company decided to -
relocate their fur- tradlng base for coastal sh1pp1ng from

. Fort Kamloops in the interior to Fort Langley, near the

mouth of the Fraser Rlver . This was achieved after a road .

‘was built from Fort Kamloops through the mountains down,
'to Fort Langley, Wh1ch was estabhshed in 1827 .
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‘ ‘Soon, fﬁrs fr_bm t’hevin'teri_of Wére béing fr,einspor_ted on
ships sailing from Fort Langley, through the estuary and '

-out into the Pacific Ocean. When thefur trade began to fail, R
'Fort Langley shipped salted salmon through the estuary to”
" Hawaii and Asia. As an interesting historical footnote, .

some Hawaiian workers, the "Kanakas," came back with . -

B the"C_omp,ar'ly to Fort, Langley. Kanaka Creek, which flows
 into the Fraser River opposite Fort Langley, is named after -
‘these Hawaiians.” S A A

———
4 75
st

ItA_Wasn'tjv_miany yéars"before another ',imp(')rtant, event -

_affected the Fraser River Estuary. In 1856, a trader at Fort
- Kamloops learned of an Abbrginél miner who had found a .o
‘gold nugget on the stream bed of a tributary to the -
. Thompson River: The word of gold in. the Fraser River
" system spread like wildfire, a'_nd-{'soon thousands of. i
‘ pro'.spéctors,'-many from the Urii.ted States, made their way * .

through the estuary and on'up the Fraser Riv_ei' in search

. of gold (Figure 3-5). In fact, there were soon so many
people from the United States working the Fraser River's T
" gold deposits that Governor Douglas of the Vancouver

Iéland colony felt he must assume jurisdiét,ion over the

Fraser River drainage. Canadian prime minister Sir John
. 'A. Macdonald knew that the new colony had to be brought -

* quickly into théCahadian' Confederation.

- 81 -

" FIGURE 3-5
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FIGURE3-6  _
‘The Great. Flood
of1894 B

“Within ten years; British Colurnbia was drawn irito |
Confederatmn by.the promise of a railroad that would

follow the Fraser River through the- mOuntams to. the coast.

After approximately 9 000 years of Abor1g1nal settlement
the Fraser River Estuary was about to experience

L s1gmﬁcant alterations, as a result of the large 1nﬂux of
B 1mm1grants from other countr1es ‘

" In the latter half of the 1800s Europeans began to

e settle and farm in the valley, start1ng with-a population of
- only 300 people in 1861. As was typical of many pioneers,
" ‘'the Ladner brothers passed through on. the1r way to'the
: gold fields, and later returned to the estuary to work the o
rich, black soil. In 1868, they bu1lt the first d1kes and began .
. to dra1n and farm the. land s

1.

From the farmers point of view, the d1kes were

.‘absolutely essential, part1cularly because the valley was :
__ prone to’ flooding. Farmers also needed protectlon from
w1nter storms that could push h1gh t1des far 1n1and

_ D1klng efforts were stepped up after a catastroph1c ﬂood o
in 1894 Wh1ch 1nundated the Fraser Valley right out to’ sea

and ﬂooded all of Richmond and Delta The. flood was so

‘ . severe. that it left Po1nt Roberts once again (as it had been )
- 5000 years earher) an 1sland separated from the mainland. . -

After the ﬂood W1th government help, dikes were
constructed to surround the delta- land, and’ water Was

o vdra1ned off the land by dra1nage d1tches and pumps -
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Th1s d1k1ng had a dramatlc env1ronmental 1mpact As a

'-result today we see avery dlfferent estuary than the one

that existed. only one hundred years ago The size of the -

delta lands is of course very nearly- the same, and the- river -

’ still dehvers a s1m11ar sediment. load However, W1th the
‘barrier, of dikes i in- place to protect the farmlands the

" Fraser River and the tides no longer del1ver their vital

‘ -ﬂoodwater and sed1ments to the delta s marshes and Wet -

- ‘meadows ' ' : ' i

Over the past century, approx1mately one’ half of the

‘omgmal wetland habitats have been lost to agr1culture and: '

urban and industrial development V1rtually all of the--

seasonal wet meadows have disappeared, along with most
‘of the bogs and ﬂoodplam forest. Only the outer brackish -
- wetlands which were too difficult to dike and saltmarshes
- ‘ Wh1ch were too salty to cult1vate remam '

- 83 .
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' FIGURE 3-8

A Gillnet Fishing Boat
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) Where once there were Wetlands on the delta land of

Surrey, Tsawwassen and Delta, there are now h1ghways
airports, industrial areas and agricultural lands: Farmland
has spread tremendously since the delta lands were '

:protected from river. floods and ocean tides: These delta
. lands.constitute some of the most productlve agncultural
land in Canada ' - :

The trad1t1onal berry p1ck1ng of the abor1g1nal has’
expanded into commermal farms that produce crops of

' rasp_berry, blueberry, strawberry and cranberry. However,

‘we do not see new farmland coming into production. The
population of the Lower Mainland is quickly expandmg and
much of this residential growth i is taking place on the delta ;

- lands of R1chmond Delta and Surrey.

. Despite the populatlon growth the Fraser R1ver

~Estuary still supports large numbers of salmon, herrmg
. and shellﬁsh ‘Approximately one quarter of the crab

harvested i in Br1t1sh Columb1a come from the Fraser - .
Estuary. At the mouth of the Fraser River, hundreds of

- gillnetter fish boats work the Sockeyé Salmon runs each "
- summer, taking 70% of all the British Columbia Sockeye.
‘Well over 50% of all Br1t1sh Columbia salmon come from

the Fraser R1ver
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' Theé Fraser Estuary also supports commerce and o
industry, particularly the forest industry. The traffic on the

© " river is constantly busy with tilgs hauling hugeilog booms™
énd‘towing barges filled .With;WOOdchips. Along the river, o
saw mills and paper mills produce 'lumber, shakes, shingles .-
and plywood for building homes, paperboard for packaging, '_

newspﬁnt for newspapers, and evén paper to produce this

.+ Alimost all thesQ mills produce and store wood chips |

that are thén loaded into "_ba_rges, some of which-are towed

7 to pulp and paiqer mills where the wood chips'are. o
"+ transformed into paper. Wood chips are also transferred to
océan vessels for shipping to Japan, where they are used in

paper production. -

o Be,cai;s’é of thé_“ﬁordsand thé_ru’gged ébéstline of British -
Columbia, thére are no coastal highways. Logs are - “o

FIGURE3-9
- .. Logbooms, Tugs,”
- Freighter and Barge -

) using the Fraser Estuary -

‘therefore taken down to the sea where f;héy‘ are bundled . '4 S

~ into booms _ap_d:‘towéd by barge to bestored 1ntheFraser N
‘River Estuary. The estuary protects thesé log' boomsfrom. = -~
. ocean storms and wood boring; maririe invertebratesuntil -

théy are needé'd‘vb'.‘y the mills;'

. Also on the river, huge ocean ships make their wayinfo
the estuary upstream to the docks atAnnacis Island.and = =~

.85



_]11St across the river at Surrey- Fraser Docks The sh1ps
_coming in from J apan are full of cars that are quickly -
ofﬂoaded onto the huge parkmg lots on ‘Annacis and Lulu. -

“Island. At Surrey-Fraser Docks, other ships being loaded o

| * with cargoes of wood ch1ps lumber and other products
" head back down the Main Arm and out to sea, bound for
ports in the Un1ted States and the Pac1ﬁc R1m countrles

L I At the Tsawwassen ferry termmal trucks and cars -
- cram into the holdlng Jots waiting to board the next ferry to_
_ Vancouver Island or to the Gulf Islands. And just north of

" the ferry terminal is the Roberts Bank Superport jetty that‘v - )

- ‘extends out into deep seawater: Trains crawl along the .
jetty heading for the sea docks. These ra1lcars are full of -
~coal from the mines'in the south-east coal’ block of Br1t1sh .
: Columbla Huge ocean ships stationed at- the sea end of .the
Jetty recelve coal from stockplled supphes "

It seems that Wherever we look in- the Fraser R1ver
n Estuary, there is some human. act1v1ty 1nvolv1ng
o commercial ﬁshlng boats ‘tugs and barges log booms,
. dredging operatlons pohce boats, Harbour Commission
‘boats, sailboats and pleasure craft, ocean going ships from

: around the World and coastal ships movmg wood products L

R1ver-frontage is also becommg 1ncreasmg1y popular for '
housmg and condommlum projects and commercial retall i
: bus1nesses These new foreshore users are d1splac1ng or
-coex1st1ng with long established fac111t1es such as Wood
o S w0 o+ mills, log booms ﬁshlng boat marmas ﬁsh processmg
_ .FI:IGUI.R'E 3_16 - . I ,'plants and barge termmals




ACTIVITY 8 R :
THE CHANGING ESTUARY

The fertile deltas of estuaries have attracted human
" use and settlement throughout the ages. Over the
centuries, ‘wetlands, ﬂoodplam forests, river channels

[ and sloughs have been used by people in many dlfferent L

. EN

' Ways

The obJectlve of thls act1v1ty is to match dlfferent
h1storlcal time periods for the Fraser River Estuary
-~ with the type: of: non-lelsure human activites: that
occurred then. .. = - ’ b o ‘

Place the numbers of the human act1v1t1es lISted below

il 1nto the appropmate hlstorlcal time penod shown 1n ;

F1gure 3-11. You can’ use an act1v1ty in more than one
tlme penod ‘

L Industrlal DeveIOpment ‘
Land Clearmg R -
Explormg LR N

‘Surveymg T e
G1lInet F1sh1ng S o

.~1¥4w93 Cﬂ 00 ’.N»

. Floodplam Loggmg

© . 8 Upland Logging * o

< 9, FurTrading = . =~

, 10 Food Gathermg o R
12 Road Bulldmg e
. 13.Diking - S :
.. 14.Fishitig . ... . oL

. ;;‘15 Steamboat Travel e S

. 16.Dredging .., . . . .

o 17 Port Development s s
. .. 18. First Raﬂway Development R

- - 19.Urban Development, - .. .. -

= 20. A1rport Developnent z S

21. Farming e 4 Ca ot e o
© 22.Fish Canmng : L .

- - 23.Gold Rush Traffic -
= 924, Add some more of your own

Answers 1n Appendlx 1 page 111

Fre1ghter Traﬁ'lc R R E T 5




_-‘AFigure 3-11. The Changing Estuary

Period of Pre-white Settiement
Use of’ the estuary by Coast Sa_hsh people goes back

1820 s to 1830's .
In 1827 Fort Langley was estabhshed on the banks of

the Fraser Rlver

‘ 1840sto 18605 :
The gold rush of 1858 brought new people into the'

estuary, some of Whom stayed.

- 1870's to 1890's

Pioneers began to farm the rich delta lands and form

small commun1t1es

/)
[
u’-" b

-

1900's to 1940's
The estuary became an 1mp0rtant area for agnculture

and sawm1lls

T g

, 1950 s to Present ,
The growmg populatlon of the Lower Malnland
expanded onto the delta lands.”
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Once you have matched the human activities with the |- '
correct historical periods, think about the followmg

1 1mportant questions:

1. HOW have these human act1v1t1es affected the
estuary‘7 ' : .

2. What type of habitats do you thinkwere most
affected" : o =

3. What has been the beneﬁt of these act1v1t1es to
" humans? -

4 What do you thlnk people did about protectmg i
o and conserving fish, wildlife and habltat in each
of the hlstorlcal perlods‘7 V

5. Whlch present day human act1v1t1es doyou..”
" think are, and Wthh are not, a problem in the, ]
estuary‘? ’
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What is Aquatic Pollution?

o f A 3 - -such large amounts that it can do harm. Pollution can be -

found in Water in sed1ments and even in ﬁsh and other
. aquat1c life. '

Some pollutants in an estuary are toxic to. aquat1c l1fe
even in minute amounts For example a single salt-grain- -
sized amount of copper (a toxic metal) d1ssolved in a o

‘bathtub of water would be harmful to fish. The same t1ny' ‘

amount of dioxin (a toxic orgamc contammant often
produced by pulp mills) in a sw1mm1ng pool would '
endanger humans if they were to-take a. drink of th1s

‘water. There are numerous- d1fferent 1norgan1c and orgamc :

_FIGURE 4-1 L - E chemicals, along with various biological substances, that
Water Quallty Sampllng o . can degrade the quahty of an estuary S Water ’ '

When we talk about a pollutant we mean a substance that - |
~is not normally found in the environment, or is present in -




o other places Where sed1ment settles..

Inorganlc Pollutants

Inorgamc pollutants may- 1nclude nutr1ent chem1cals such

. as ammonia, and metals such as_copper, lead z1nc -
' '_chrom1um cadm1um arsenic and mercury. Nutrients and
. even metals occur naturally in fresh and sea water, and in
proper and small amounts are essent1al to aquatic life. But
- when concentrat1ons become too hlgh these' chemicals-can. .

“be harmful to l1fe Copper for example, is an essential -

element in the blood of ¢rabs and shrlmp, yet When copper -
levels are elevated, it can kill the an1mal Certdin .
.'concentrat1ons of ammonia dissolved in the water can be B

- deadly to ﬁsh under certam cond1t1ons . o

Sedlment part1cles Wh1ch are suspended in the water

. ‘can serve as’ attachment sites" for dissolved metals ‘This
. meanst that metal pollutants such.as léad or mercury can

become’ concentrated on suspended particles. Metals will
then accumulate where these contaminated sediments_

settie out of the river flow and are depos1ted on the bottom.’ '

In this way, water pollutlon can contamlnate mudflats and

‘ Organ1c Pollutants

-_Naturally occurrlng organ1c matter ex1sts in part1culate or
~ dissolved form, and comes from living and dead plants and

an1mals This natural organic matter does’ not normally
become a problem because itis qu1ckly recycled in the

‘estuary by m1croorgan1sms and ‘small detritus- eat1ng ‘
' invertebrates- (see Food Chams and Food Webs i in Chapter
' 1) However, even organic matter can cause pollut1on When ‘
" too much accumulates and the estuary’ S natural recychng
- capac1ty is overloaded. .

Too much orgamc matter st1mulates the growth and
act1v1ty of large: numbers of bacteria and other

- .m‘icroorgamsms Asthe bacteria "feed" on the organlc 2

matter they use up muchy of the ava11able oxygen in the

K : Water Th1s oxygen depletion can make it difficult for ﬁsh to
breathe, _and will often-lead to the1r deat_h A ' :
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NO SWIMMING

Some orgamc pollutants are human made and these'are - '

of particular concern when they donot easily break down

" in the environment. PCBs (Polychlormated biphenols,

- 'found in the cooling oil of large transformers); some

' .pest101des (used to kill agricultural and garden pests) and .
~ dioxins and furans (chemical byproducts of industries such o

as pulp mills) are toxic organic pollutants that once

'1ntr0duced into the. env1r0nment do riot eas1ly break down |

mto harmless components

D1ox1ns are an env1ronmental hazard not only because
they are very toxic, but also because they can be -
long- lastmg in the environment. Natural re¢ycling

' processes do not work very well with. dioxins. Rather than
' belng broken down into harmless products after they enter

the"estuar’y, they are often taken up and concentrated in

L aquat1c organisms. Th1s concentrat1on of toxic substances '

in aquatic plants and animals is called b1oaccumulat1on
and is a potent1ally ser1ous problem in any ecosystem

| Bio‘logical Pollutants -
.'Biolog"ical pollutants 'c'onsist of harmful bacteria viruses
- and paras1tes that come from dlsease -carrying human and

animal wastes. When these pollutants enter the estuary,
they can be dangerous to people who come into contact:

“with the water. Biological pollutants can cause a number of
* health problems in humans including intestinal d1sorders

(e_g ‘gastroenteritis), blood diseases (e.g., hepatitis) and

* parasitic infections (e.g., tape worms). To avoid the spread "
“of human d1sease orgamsms sewage is chlorinated (a
f disinfection process) before being discharged into the ‘

estuary dunng the summer months

Those of us who like to eat oysters clams and mussels
must also be concerned about biological pollutants Thisis -

" ‘because these- animals feed by filtering large amounts of

estuarme water through their gills. If the water.is

contamlnated with biological pollutants these animals W111

concentrate the pollutants in their body and pass them on

to the person who eats them; This is precisely the reason
Why Boundary Bay, along with all other areas of the

estuary, has long been closed to the harvestlng of -

" molluscan shellﬁsh

o4



Bloaccumulatlon

. As d1scussed in the sectlon on d10x1ns b10accumulat1on is
. the term used to descr1be the uptake and retention of .
' chemlcal contamlnants Wh1ch aquat1c plants and anlmals

.obtdin from food water or sediments. Bottom- dwellmg
organisms such as worms, clams and groundﬁsh that feed . -
off the river bed can- eas1ly take up pollutants that have

- settled out with the sediment. Toxic ¢ organic pollutants
. Wh1ch are not easily degraded by natural means tend to

remam inside the bod1es of these bottom- dwelhng

- orgamsms

Cons1der the case of a tox1c chem1cal that is dlscharged

o 1nto the estuary. It may.enter the' estuary in a number. of'

ways:from a discharge pipe, from a, ditch, from surface or

B groundwater or even from the air. Once.the chemical
~ - enters the water, it is usually diluted to a concentratlon

that is too low to: measure with even the most sens1t1ve L

o 1nstruments ‘However, by prov1d1ng numerous attachment
_ .sites.on its surface (F1gure 4-2), an orgamc sediment -
) partlcle can concentrate the toxic chemlcal

§LVE£ leegTzEP . ' Lo
OWING. WATER KEEFS QEDIMENT ' RIVER FLATTENS
PART(CLEé SMSPENDED . ANDPSLOWS:

e S SEDIMENTS SETTLE .
. To BOTTOM. -

o FOLLMTANT6
. STICKTD

" 6EDIMENT
PARTICLES - \

~ The]j process of bloaccumulatlon is 1llustrated on the
_followmg page, Figure 4- 3.-In this example a d1ssolved tox1c
_ chem1cal is concentrated ten-fold as it is attached to:

orgariic sediment particles which eventually settle to the '

" bottom: There, bottom-dwelling amph1pods are shown to .

consume ten of these’ contaminated part1cles A small ﬁsh
feeds on ten of these' contammated amphipods, and & Great

- Blue Heron then feeds on ten of the contammated ﬁsh

95
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PoIIutlon of Sedlment

_j Particles’ and Rlver Bottom



'FIGURE 43 -

" How Tiny. Amounts of Poilution. ~

" Harm Life in the Estuary-

© SEPIMENT

Toxic

_ | CAwpueops ' SALMoN FRY EAT  HERONS EAT SALMON FRY
CHEMICAL® * PARTICLE - . INGESTSEDIMENT .  AMPHIPODS AND AND- R
UNITS CWIHTORIS - AND RETAN | 3 fewu mxnus . AND RETAIN ToxiNg. -

| ATACHED T TOKNS ' - ' L
1 —> 10 ————>100 — : ,1000 ' ——>10 000 ———

B BIOCONCENTRATION FACTOR

At each step of the food chain, the toxic contaminant is

' b1oconcentrated ten-fold. By the time the toxic chem1cal
" reaches the Greéat Blue Heron, it has been: b1omagn1ﬁed ten .

thousand times from its original minute (unmeasurable)

) concentration in ‘the water. The unfortunate animal .

R _(perhaps a Bald Eagle, crow, seagull or coyote) that eats .

1 ACTIVITY 9:

e contammants settle to the bottom. Water ﬂowmg out

.one of these’ sick or dead herons may have 1ts life -
} 'threatened as a result. '

THE ESTUARY'S. NATURAL FILTER

" (adapted from Discover. Wetlands A Curriculum -
Guide, Washmgton Department of Ecology,. 1988)

. Estuaries are the final receiving water for a wide |
"Vanety of pollutants Marshes help to keep the
" estuary's water clean and healthy by filtering and -

has the following propert1es

1. As water currents are reduced in marshes
suspended sediments, along with any attached

of the marsh is therefore cleaner and purer.
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2. Marsh plants can absorb most dlssolved tox1c = "l
. "contammants Some of these pollutants can actually be | -
. turned into harmless products 1ns1de the plants Other I

'.pollutants end up below the s011 in the, plant roots

{ Here thn pollu’fants are 1ncorporateu ll.lbO the soil or 7
" are rendered harmless by bactema ST

1 kObJectlve

i ;You gan study the powerful ab111ty Ofplants to absorb e
s ,id1ssolved substances by doing | the following eXper1ment; .
, ;Whlch 51mulates how pollutants can be -absorbed 1nto a |
f;‘hvmg orgamsm - . g

R

il Procedure

Step 1 and 2 of th1s expemment should be prepared

: . oneé day ahead

N 7‘,1 Prepare a coloured solutlon 1n ‘a glass ¢ontainer by
N j'faddlng several drops of food colormg (redis a good
I color) to Water Thlnk of the food colonng as -
:representmg pollut1on by a tox10 substance

2 Cut a small p1ece off the bottom of a celery stalk
and place it in the water overnight (Figure 4—4) Over

-time; the colored water will visibly’ travel (by-a’ process |

“~called osmosis)-uip the stalk. This shows how plants
“can absorb: pollutants with the water they drmk “If
the colored water is not visible on the Gutside of the

stalk break 1t open to reveal the color ms1de SRR

3 Imaglne that the celery stalk represents a marsh

plant and, that millions, of these plants growmg ina '

- tidal marsh are absorbmg pollutants from Water in the
estuary ' CL : ’

There is, of" course ‘a 11m1t' Plants can store and
degrade only a 11m1ted amount of pollutants Some of
these stored pollutants can be released back 1nto the

' aquatlc env1ronment as the plants d1e and decompose |

~ 4 are pers1stent 1n the env1ronment W111 eventually .
' harm and. destroy llfe in the estuary The best solut1on

is to reduce pollut1o

. ..'.974‘ =




 FIGURE 45 -

- Never Usea’

. Storm Drain for-

a -Dlsposln,gAWaste.

~ Materials! -

| ‘O'I_‘HER"FACTS AND FIGURES

‘ - '-'-fDown the Draln' ‘

- Many common household products contam substances that =
- are toxic to aquatic life. Household chemicals such-as toﬂet' o
- and oven cleaners, bléaches, household paints and

'thmners 1nsect1c1des camplng fuels and ant1freeze all
- contam tox1c chemicals. o ‘ '

Many people don t reahze that these products are tox1c

" to aquatic life and most of us don't know how to’ properly
"dlspose of these hazardous materials once we are' ﬁnlshed S

W1th them As you can see.in. F1gure 4- 5 the Worst wayto *

' get rid of left-over products is- to flush them down the toilet, -
pour them into the kitchen sink, or dump them intoa
_curbside stormdrain. If we do this, these toxic chemicals

- will eventually end up in our estuary where they can harm'

~.the aquatic life. - P ' '

" If; you do not Want tox1c chem1ca1s in household

. products. to harm your estuary, dlspose of them properly

- Contact your local municipal hall or the Recychng Hotline .

" (see Appendlx 3) to find out the best Way to d1spose of your L
‘jhousehold chem1ca1s : ‘




'_'_1 Too Much of a Good Thlng'
B It 1s a Well known fact that an1mal manure serves as an
e excellent soi]. fert1l1zer by providing: plant nutrients to.
o enhance the, growth of crops ‘However, too much nutrient -

. 'supply in ‘aquatic ecosystems will often result in problems

: 'Thls was the case during the 1980 s, when heavy ra1nfall '

) 'ﬂushed large amounts of nutr1ents (animal manure and
S other agr1cultural fert111zers) into dra1nage canals and
' : ’sloughs that eventually fed into the Nicomekl and.
- ..'-5Serpent1ne R1vers ‘These nutr1ents st1mulated excessive .
. growths of algae. ‘When the algae died off inthe fall there
K was a large b1olog1cal oxygen demand wh1ch rapldly ) '-' o
. ,1".-depleted the: dissolved oxygen levels in the river Water R

‘This sequence of évernts resulted in ma_]or ﬁsh k111s in the KR
= _.'Serpentme and N1comekl R1vers ‘ :

o When an1mal manure: is ﬂushed 1nto local dramages it
. _can 1ntroduce h1gh numbers of coliform bacter1a into '"
o ;ad_]acent parts of the estuary Both the Serpentme and
S Nicomekl R1vers drain into Boundary Bay The cont1nuous.A -'

o h1gh levels of coliform bacter1a dlscharged each year 1nt0 -
o ..Boundary Bay have resulted i in chromc bacterlal o
"7 contamination of molluscan:; shellﬁsh As a result, shellﬁsh-:'}:'._:'.
harvestmg has been banned since 1962, el1m1nat1ng one of - -
" .the most 1mportant oyster product1on areas in Br1t1sh

N Columbla Lo T : B a
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TABLE 4 7

'. Chart for Matchlng PoIIutants and The|r Sources

ACTIVITY 10 S /
.| MATCHING POLLUTANTS AND
‘| SOURCES " |
: The vanous types of pollut1on descrlbed in th1s chapter
‘can orlglnate from many different sources in the .
e estuary The nature of the pollutant usually provldes :
some clues to its source. Identlfymg pollution: sources A
o is an 1mportant step towards protectmg the Water -
X quality. of the éstuary.. . L

' The objectlve of th1s act1v1ty is to match the various’

: pollutants W1th the1r potentlal sources, as shownin ..
- Table 4-7. Place a mark (X) in’ any box of the table ‘ g _
. Where a pollutant matches a potentlal pollutlon source;y e
|" Once you have ﬁlled in the table thlnk about the .

Sl following quest1ons T . : '

_ How do these pollutants get from the source to the
estuary‘? - ‘ :

| Do. YOu think tlus POHutlon could be prevented o
e reduced‘? ' ’ |

i ‘iCan you th1nk of any other potentlal pollut1on sources‘? S

L - What, type of pollutants could orlglnate from these
other sources? . ' :

Answers in Append1x 1, page 112

POLLUTION sounces o

' -POLLUTANTS o

- Bacteria <. .

Household ':,__P,ulp:M|II | FarmField' | Automobile -

Copper.

" Dioxiris -

| Herbicides. -~

~:. .Leé.'d‘ ¥

Oil.
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. Public Awareness

? .' We should all be serlously concerned about the overall
* health of the estuary, espec1ally if s one cons1ders the 5
A 4follow1ng '

L We are part of the earth s b1osphere We need clean 5011 .

- water and air to sustaln ourselves The health of our-
estuary is a good indication of how Well we are’ _

_ protectmg and managing the environment and in the :

: long run, how Well we are. protectmg our own health
and that of future generat1ons

. The Fraser R1ver Estuary supports a valuable salmon
" from, commerc1al recreational, and abor1g1nal food

o producmg r1ver in the world

8 ‘The wetlands of the estuary are v1tal to the survival of
“millions of m;gr_atm_g waterfowl. Again, the Fraser River .
Estuary has world class status vVith respect to its bird .
- habitat and its 1mportant pos1t10n on the Pac1ﬁc

- Flyway. ‘ Co

. On a global perspectlve we are except1onally pr1v11eged
_to haye such a rich. natural heritage as the, Fraser Rlver
o Estuary adJacent to an urban. populat1on (Greater

: ._ Vancouver Reglonal D1str1ct) of more than 1 5 m1ll1on

3 .What can we, as 1nd1v1duals do to help protect
conserve and poss1bly improve the aquatic env1ronment of
the Fraser River Estuary? Much of the pollution entering

~ the estuary originates from our owh actions.So, tobegin ©

with, we can make some changes in our personal habits -
' which, collectively, will make a big d1fference in the amount
- of pollut1on entermg the environment.

Secondly, as orgamzed groups we can take pol1t1cal '
action to help improve. the government rules and - .
o .regulatlons that protect and manage the ecosystem of the
' 'estuary :
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~ -catches. Indeed the Fraser Rlver is the largest salmon_“ _‘ o
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Individual Actions

~ Hundreds of good ideas on what individuals can do for their
~environment are available from government publications

such as the federal Department of the Environment's What
We Can Do For Our Environment. Contact your local
federal and provincial environment office, or your local |
municipal hall to receive these free publications. These,
and a continuing supply of new publications, provide ideas
on simple things that can be done by anyone, ﬁght now:

how to cohserve water

how to conserve energy ;

how to dispose of househoid hazardous Waétes

how to find safe alternatives to hazardous substances
how to prevént and reduce air pollution‘ | A
-how to i'euse, repair, fécycle, and reject waste material
how to shop for environmentally friendly products

how to read and learn more about the above topics
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FIGURE 5-1
Recycyling is Now
Everyones' Business




: ;;'Pubhc groups and orgamzatlons are. an mcreasmgly

. effective force in helplng to protect and conserve the . = -
e natural resources of the Fraser Rlver Estuary Pubhc _
..~ groups.can cons1st of youth groups busmess groups; 01v1c o
- _forgamzatmns faith groups, union, orgamzatlons women s

o groups, ne1ghborhood or commumty assomatlons and
spe01a1 1nterest orgamzatlons :

AL

g '
N

One of the ﬁrst steps for an 1nd1V1dual Would be to Jom
' ' support or if necessary form a publlc group Wthh is.
. 'interested in greup projects or actions. d1rected at
D) ‘protectmg and conservmg the natural resources of the
- estuary ‘ o L

The followmg are some 1deas on group progects and

T act1v1t1es

' 1 There are many opportumtles for undertakmg clean-up

o -...'pro_]ects along the river banks of the estuary Garbage
~"and other refuse contlnues to be- illieitly. dumped and

. then washed up on the estuary s shorehnes This refuse
. .is not. only an. eyesore but can be damagmg to marsh

' .‘and mudﬂat habitats. Choose your favorlte locatlon(s) 1n L

' fthe estuary and orgamze a clean-up

io4



2 Degraded marsh hab1tats are now bemg restored by
S government and industry. These are. 1nterestmg '
'~ . projects’ whlch typ1cally 1nvolve the transplantmg of
" marsh vegetation fo. unvegetated sites. With techmcal
D _‘asBistance from the Department of. F1sher1es and.
- Oceans(DFQ) or an env1ronmental consultant a school~ '

or other publ1c group could prov1de the much-needed

' - 'manual help requ1red for a marsh restoratlon prOJect .
s Monltorlng the marsh growth could prov1de a. valuable PR
' ,";pro.]ect act1vlty E s

The federal Env1ronmental Partners Fund program TN
e "makes funds available to groups-on a 50- 50-cost- sharlng" 2 o
Y bas1s for- approved env1ronmental clean-up and o

- restoration projects: The Pubhc Conservat1on
o 'Ass1stance Fund isa s1m11ar program sponsored by
= Br1tlsh Columbla Env1ronment Lands & Parks (ELP)

4. ~Env1ronmental groups are always in need of ﬁnanc1al A _
e support Your group can hold a fund-ra1s1ng event and & k '_
... donate the money toa Jocal env1ronmental orgamzat1on e

' 'wh1ch is 1nvolved in a partlcular cause for the estuary '

. Enhance the env1ronmental educatlon and awareness of
o 'your group by organ1z1ng presentatmns by 8

env1ronmental experts from government un1vers1t1es

s consultants or other environmental groups ‘Obtain free
: _'publ1cat1ons and v1deos from government ofﬁces PrOJect
7 Wild, an educat1on program which emphasizes .
4 -.awareness apprec1at1on and understandmg of vv11d11fe
i -_-and natural -resources, can be tapped by your group RN
‘ L (contact ELP) Arrange tours of industries located i in the e e
S estuary, bird sanctuar1es and mumc1pal and reg‘lonal '
parks wh1ch support estuarlne habltats

. Use your 1ncreased knowledge and awareness of the
o -".estuary S ecology, 1_ts pollutlon problems, and how .
© - the pubhc ean help, to involve other, unlnformed
o f‘people in your commumty The Storm Draln '
f:" Markmg Program sponsored by the British -
. Columb1a Conservatlon Foundat1on DFO and ELP
- isa good way to increase your commumty s '
o -awareness about pollutlon in the estuary. Storm ol
" “"drains have been. marked to prevent people from L
';dlsposmg of hazardous waste wh1ch could harm ﬁsh
i _and other aquatlc hfe o o ‘




) If you require some techmcal 1nformat1on about a "
' part1cular commerc1al 1ndustr1al or household ..
.~ harzardous material, contact the Canad1an Chem1cal
o Producers Assocratlon (1- 800-267 -6666).

7. Your group can start a pollut1on Watch program Any

. suspicious looking effluent dlscharges 1llegal dumping, .. v
. vandalism and fish kills can be reported to local -

_ enforcement author1t1es The followlng telephone o

" “‘nuinbers may be useful in case you observe a problem or - -
o .fenv1ronmental emergency :

- 'Prov1nc1al Emergency Program o

Report on oil or chemical spills-and' advice on the
- disposal of hazardoeus materlals '

1 800 663 3456.

.C Env1ronment Hothne
Observe, record, and report any v101at1on of fish and

"Wlldhfe regulat1ons

" 1-800-663- 9453

. Bus1nesses and 1ndustrie's which are environmentally

o ‘1rrespons1ble can be’ approached dlrectly Use the

influence of your group's name ‘and- membersh1p
numbers to address letters to the president of the

o offendmg compames Most corporat1ons hate bad 4
publlc1ty and are usually understandlng and cooperat1ve '

if approached ina pol1te and obJect1ve manner.

. Get your group mvolved in env1ronmental issues Wh1ch -

. may be of concern. All large and most small.

' 'development proposals are subJect to an enwronmental .

review process. Government agency reviews.of

' development proposals on the foreshore and in the river . E

" are now coordi nated by the Fraser River Estuary

., ‘ Management Program (FREMP) office. FREMP Wﬂl -

- also facilitate public inputin these envirenmental
.rev1evvs The best.time to voice a concern is before the
- proposed project is granted approval Issues related to -

. . the land side of the dike can usually be pursued most "
- ‘effect1vely through your local c1ty counc1l
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Co ’-The“Fraﬁser_RiVef’Baéin: Mahagemerif Program, Which’is : :

~.supported by Federal, Provincial and local governments,
_ “encourages and provides the opportunity for the public and"
other interested groups to participate in management of =~

~ ‘the Fraser River basin. If you require more information on, .~

" this program, please contact: B

7 Environment.Canada . *
- Communications =
"+ 224 West Esplanade
' Nori_:h\Vancoﬁver,, B.C. .
- Canada VIM.3HT7 . .

Tel: (604) 666-5900 . .




My paméis:

16 How many estuarme o
. orgamsms startmg w1th the )

. PRASER RIVER BSTUARY WHIZ Q'U'IZ“

(adapted from The Estuary Program Level II)

1 Where a river meets the .

2 . water, and

“water -

-~ water...

: 33,§Zooplanl{ton‘_, : S

'~ mix in an estuary to form .’

. are?tiny _

plankton

1 are tlny plants

- 4 Draw connectmg l1nes for '
' ‘the s1mple food cham

5 Clrcle those that eat
‘ detntus 0 :

N letter S can you thmk of’ - v

. Whlch plants g'row in an j

,‘"estuary? -

spmach .
: algae L

[ cat—taﬂs L
. eelg'rass ‘

L saltgrass R

" roses -

papaya . ." '

8 Wh1ch one of the

Bulrush .
Snowberry :
Hardhack
Sedge : R
Black Cottonwood

| 9‘..“'_ - CONNECT
o following plants are trees or' . '
- shrubs‘? ’ a

C ,-Plank’ton ,
" | Crab"
i "',Salmon .
* .| Snail - o
'--.S.«':_ur.ldplper S

An1mal

. channel
-~ m_ars_h

Hab1tat |

eelgrass'_ -
slough |7
) t1da1 flat | -

p1cture7

-1l 10: Whats wrong w1th th1s :, S ‘

11 TrueorFalse" o

of marsh ﬂower

) food web mestuanes -

Bactena found in estuarres
Yare always harmful-

Detntus is'the base of the

Ghost shrlmp hve in mudﬂat | e ‘
'burrows Lo

:‘ Answer

. ,-12 Can you 1dent1fy th1$ .
: . estuarme bird? - .
' A freshwater plume is. a type; o a

13. Unscramble the followlng
Words ..

TTIAAHB

_ONTIULLOP

‘RAMSH'
KRABSCHI

,,'14 Connect the dots

33

What is it? .
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: ACTIVITY 1 ESTUARINE FOOD CHAIN

* . ACTIVITY 2: ESTUARINE FOOD WEB -

SUN = PLANT = DETRITUS = CLAM =, SEAGULL CHICK = BALD EAGLE
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ACTIVITY 3: CRITICAL TIDAL ELEVATIONS .'
- "Start of mudﬂat and end of the marsh 2 8 m

Beg1nmng and end of bulrush zone 2.8, m and 3.7
E ‘ -Beglnmng and end of sedge zone 3T m and 4 5m
- ‘. Beglnnmg and end of cat-ta11 zone A' : 4 510 and 4 8 m. |

| : Top ofd1ke L . ‘.-5.-8 m

: The follow1ng 1s a brlef explanatmn on. how to pred1ct t1des us1ng the Canadzan Tzde and -

~ Current Tables, Volume. 5. You should also take the t1me to carefully read the 1nstruct1ons _ g

. -"prov1ded w1th these t1de tables

.. Turn to the sect1on in the tide- tables with the headmg "POINT ATKINSON" Th1s set of t1de ;
tables predicts tide levels for the outer Fraser River Estuary (i.e. Sturgeon Bank, Roberts

. Bank, and Boundary Bay). Next, select the appropriate month and day- ‘shown in the table

. " columns. For the purpose of this explandtion, we shall use Wednesday, August 26, 1992

':Wh1ch is shown below exactly as it appears in the tide. table = :

.DATE TlME FEET METRES In th1s example the: pred1cted t1mes and he1ghts of
S . A the hlgh and low t1des are as follows '
26 0230 4.1

0940
 WE 1650
ME ,2'2‘25»_%

4 .5 At 1040 hours the Lower Low Water w111 be 0.6m
. 2 .8 At1750 hours the H1gher H1gh Water w111 be 4 5 m.

. example one hour has been added to PST, to convert it into Dayhght Sav1ngs Time:. Daylight -
L Savmgs Tlme is- When we turn our clocks ahead one hour and th1s occurs between the ﬁrst

o Sunday in Aprll and the last Sunday in October '

If you are 1nterested in pred1ct1ng the t1de for locations 1ns1de the Fraser R1ver Estuary (1 e.

o :upstream of Steveston) you'll need to uise- the "FRASER RIVER" table, usually located near
. the’ front of the Canadian Tide and Current Tables. ‘The Fraser River tide table takes into:
" consideration the river discharge (flow of water) and locat1on (Steveston Deas Island NeW '

'_ ' Westmmster) Instruct1ons on how to use th1s table are prov1ded with the table

o110

; 6 At 0330 hours the Lower H1gh Water w111 be 4. 1 m

L - 'At 2325 hours the H1gher Low Water w111 be 2 8m A |
: Note that the t1mes in the t1de tables are g1ven in Pamﬁc Standard T1me (PST) In the above -



ACTIVITY 4 PRE TRIP FUN

Answers to Crossword Puzzle

i1 5]
IEEE.&II

H]
MAIRLLINIE]
B
1] 2
7]

A
[FIR[A|S[EIRIRI [V

8 B

<

EIHHEEEHM
EMHEHﬁEﬂi
‘

m
RIES

~

K2 2 i
I=IIIIHI 7 AL |G

D
A ' R LA M]
0 @8 3 R ,
EEEEE I FPlolL]L lulT] lo]N]
[ B V]
Blc[AlVIEINICLEIR]S |
€ ] ] M|
EEARRGEEE I 3 0
B O B KB A
3 D IEIIIEEE E
AUImMIAIN I C]
£ IIEIBIII=IEIHI

V]
MAEEREENE @ g a
(VI Y

(=~ [\[>]

’ACTIVITY 8: THE CHANGING ESTUARY

‘Period of Pre-whlte Settlement _
] Food Gathermg, F1sh1ng, l—Iuntmg AR

1820's to 1830‘ o L o
Fur Tradmg, Food Gathenng, Huntmg, F1sh1ng, Explormg R

" 1840 to 1860's L
Surveymg, Huntmg, Gold Rush Trafﬁc

 1870's to 1890's

- Land Clearmg, Glllnet F1sh1ng, Floodplaln Loggjng, Road Bu1ld1ng, D1k1ng, Steamboat

B ‘Travel Farmmg, F1sh Canmng

4 A'.i_ 1900‘s 101940' : : o . | N
" Industrial Development Land: Clearmg, G111net F1sh1ng, Upland Loggmg, Road Bu1ld1ng, '

L -D1k1ng, Dredglng, Port Development Farmmg

1950's to Present

T Industrial Development Land Clearmg, Fre1ghter Traﬁic Road Bulldmg, D1k1ng, Dredging, » '

, 'Port Development Urban Development

¢n-



ACTIVITY 10: MATCHING POLLUTANTSAND SOURC‘E*S- |

POLLUTANTS'

POLLUTION SOURCES

Household

Pulp Mill

- Farm F.i'eld _

Autom',obile'

_Bact'eria_'

X

- Copper -

-Dioxins

. Herbicides

~Lead .

REE

' ACTIVITY 11: FRASER RIVER WHIZ QUIZ

1. Where a river meéts the

'sé.a is an ESTUARY.

.2.. I';'RESH w;atex_* gnd o

) SALT water
mi'x.jn an estuéry to form'_

. '‘BRACKISH water.

are tiny ANIMALS -

" PHYTO plankton

are tiny plants.

3. Zooplankton @

4. Draw connecting lines for.
the simple food chain: "

5 Circle those that eat -
detntus .

6. How r;lang" estuarine .
organisms startmg w1th the :

N SALMON SNOWGOOSE

’ SALTGRASS SEDGE

©+ | letter S can you thmk of" :

SHRIMP. SANDPIPER - |_

7 ‘Which plants grow inan
estuary?
~_spinach
- v ___algaé

- V. cat-tails
T -___V___eelgrass
. B . papaya
._V;fsqltgrass o

¥___roses |

8. Which one of the '
following: plants are trees or.

.| shrubs? .

: Bulrush
o/ Snowberry ’
tl/ Hardhack
Sedge
_ V- Black Cottonwood

1o CONNECT

Animal ' Habltat

10. What's wrong w1l:h this
plcture" -

i Tru;aorFalse? ’

| A freshwater plume isa type'
of marsh flower _F_ -

Defritus;is the base of the
food web- in estuaries T

- | Ghost shrimp live in mudﬂat
burrows T .

Bacteria found in estuaries

-|are alvays harmful -___F__.

12. Can you identify thls

: ,estuarme bxrd" -

' A.ns;/er.: MAst WEEN

| 13. Unscramble the followmg

words

- HABITAT

'POLLUTION .
- MARSH "~ .
- BRACKISH
'SALMON *

‘.

" FLOUNDER'

112
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APPENDIX 2

ACTIVITIES & FIELD TRIP DESTINATIONS

ACTIVITY e PAGE

’ESTUARINE FOOD CHAIN (Des1gn a Food Chaln). RUEITIVUNNRTMEINROE |- S

'PRE- TRIP FUN (Estuary crossword Puzzle and Word Challenge) TENIN. - S
A A FLOODPLAIN FOREST MICRO HABITAT STUDY (Field Trip) .:.... S.6L

THE CHANGING ESTUARY (Study of Human Heritage)...... ... ; S Q 87 -
| THE ESTUARY S NATURAL FILTER (Experlment w1th Solutlon) SRR 97.

SRR MATCHING POLLUTANTS AND SOURCES (Pollutlon sz) ........ 100 T
1L FRASER RIVER ESTUARY WHIZ QUIZ (General sz) .-A.,.;'-.1.os‘ R

) FIELD TRIP DESTINATION S e
. 1 RICHMOND DIKE (Foreshore Marshes of Sturgeon Bank) ...... o . : 37 .. .

2 BOUNDARY BAY (Tldeﬂats and Saltmarshes) 47 . ‘
. '3/RIVERSIDE PARKS (Floodplain Forests) - SRR - SR
4. DEASISLAND PARK (Sloughis and River Channels) ....... R 71 S
- 5 FURTHER SUGGESTIONS (see Flgure 2:3 and Table 2% 3) it PR | ERI T

Sio1is

'ESTUARINE FOOD WEB (Food Web Puzzle) NSO P S
.;;CRITICAL TIDAL ELEVATIONS (Learn How to Predlct T1des). . ._'._:. o ', .27 ,

'-LIFE BENEATH THE TIDEFLAT (Study Life on'a Tideflat) ...... .f; 45 SRR

_A.'AN EXAMINATION OF PLANKTON (Sample & Study Plankton) ..... ";f. .88 .



APPENDIX 3:

RELEVANT CONTACTS

,Org'an-iza.tlion s

o -Telephone o

- 'Federal Government

‘ Department of F1sher1es and Oceans B

. Canadian ‘Coast Guard
' Canadian Wildlife Service

1 ':Env1romnental Protectlon Serv1ce L

. Inland Waters D1rectorate

Provmctal Government ‘L

L B C Enwronment

‘ Recycl_lng Hothne .

' M unwzpal Government

> Rlchmond _

Burnaby ;

© New Westmmster
. Delta
Coqultla.m

'Port Coqultlam

Pitt Meadows .

. Surrey ..

_ Langley

: Maple Rldge o

- Greater Vancouver Reglonal D1str1ct

| . Other Governnientql .Or,;gqn_‘iédfions L

Fra‘ser River Es'tuar'y'Manag‘ex'n'ent P,rograln, o

S Fraser Rlver Harbour Commlssmn :

. North Fraser Harbour Commlssmn '

" 666-6098
6313702 .
- 666-0143 *°

. 666-6711

- '666-6711

- 584-8822
| 1-800667-4321 -

'276-4000" ..
2047984
. B2LTIL.
. 946-4141

526-3611

9415411 -

B :'465-5454'I O

" 591-4011-.

534:3211 "

| .463-5221

432-6200 -

. -.525-1047 :
- 524-6655.
| 273-1866

. Envzronmental Non-Government Organzzatwns

B.C. Enwronmental Network

1id

733 2400- '



__GLOSSARY

_algae: -

- bacteria: -

- b’io._sphére;'.f_ .

Celimax: - -

- delta -

-anadromous:.- .

‘ ;benthzc '

':bzoaccumulatzon

’ _b_ioindicator:

- . crustacean:.

decomposition::

o detrztus

‘dzatoms

- dioxin:”

‘a type of fish life cycle 1n whlch maturrty is reached in saltwater and the ‘ |

adults enter freshwater bO spawn . j .

“term’ applled to small one- celled or colon1al plants W1thout Vascular o
-fﬂsystems IR R : :

o microscopic. orgamsms l1v1ng in so1l Water sed1ments and the bod1es of
B -,plants and an1mals (1nclud1ng man) ‘ '

organ1sms l1vmg in or on the bottom sed1ments of a body of Water

; the process Whereby POllutants are taken up, retamed and. concentrated ‘
- by aquatic plants or ammals P , :

| an orgamsm wh10h is sens1t1ve to pollut1on and can therefore be used to -
" measure the degree of pollutlon n 1ts env1r0nment '

. the reg‘lon around the earth that can support life 1nclud1ng the E S
L atmosphere the soil and the Water S

" brackish: :

descrlbes Water havmg a sa11n1ty between freshwater (0 5 parts per o

- thousand) and seawater (17 parts per thousand)

' _ .a kind of natural commumty Wh1ch can continue and sustaln 1tself for as ...
. 'long; as the local cl1mate remams the same;

..~ any. of the large class of mostly aquatic amrnals hav1ng an outer e
A »~skeleton 1ncludes shr1mps crabs barnacles ete. .

- ; .'the b1ochem1cal process where blologlcal mater1als are. broken down 1nto_

smaller partlcles and eventually 1nto basic chemlcal compounds and

B elements

' a depos1t of sedlment (e g 1sland sand bar mudﬂat) at the mouth of a .
" river emptymg into the sea : ‘ ' :

'dead orgamc matter both plant or an1mal

' Asmall mlcroscoplc algae W1th plate-hke brown structures composed of
; s1l1ca - ' ' ' '

. a toxic chem1cal produced when chlorme 1nteracts W1th organlc

matemals as‘in the pulpmill bleachmg process, in garbage 1nc1nerators

and asa byproduct of other 1ndustr1al chem1cals

.an elevated r1dge of matemal constructed to prevent Water 1n a r1ver

’ 'from overﬂowmg its banks durmg ﬂoodmg cond1t1ons
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~ . herbivores:

. . ecosystem.:.

' Eulach_oﬁf' o

t ‘a commumty of organisms that can be identified and descrrbed on the
bas1s of specific and unique phys1cal chemical and blologlcal propert1es
(e.g.,a lake stream marsh forest desert ete. ) ’

o 11qu1d waste materlal (e g., sewage) dlscharged 1nt0 the env1ronment

a member of the smelt fam1ly of ﬁshes w1th elongated body, about 20 cm' .‘

S in length and high in oil content.

_. ‘esltuary: '

a sem1 enclosed body of Water Wh1ch has a free connect1on w1th the open -

. . sea, and within which seawater is measurably dJluted with freshwater

; ﬂoodplaiﬁ:
. ':fories'horé: a
| freshe_t:

) der1ved from land dra1nage

' " "»' : the area of land adJacent toa r1ver ¢hannel Wh1ch is subJected to ﬂoodmg o
3 'when ﬂoodwater levels reach a predetermmed he1ght

L w1th respect to land use in Br1t1sh Columb1a the land between méan
- high tide and mean low tide.. - A ' '

va sudden 1ncreased ﬂow per10d ina r1ver as a result of spr1ng snowmelt
© o or heavy ramfall ' '

- a non—vascular plant that sustalns 1tself vmthout the use of chlorophyll

~ . and sunhght (e.g. mushrooms)

gillnet: o

- habitat:

-invertebrate: -

" larva:

o 'micra-habitat."
- midden:

-molluscan: .

_ nutrient chemical.:.

‘nym'p_h:'-' e

a net set upr1ght in the water to catch ﬁsh by entanghng the1r gllls in -

the mesh of the net

‘a place or home in the env1ronment where an organism hves oris’ _
: expected to 11ve in order to fulfill an 1mportant functlon such as feedlng
o or rearlng ' ‘ '

. ammals that consume plant materlal as their main source of
.nour1shment ‘ o ' '

‘,ammals without backbones (e g., 1nsects worms sna1ls) wh1ch 1nc1udes A'
- most of the ammal k1ngdom o '

' an animal at some pre adult stage of development

a small local hab1tat (e. g rotton log) w1th1n a larger habltat type (e.g.,. - |
_ ﬂoodplaln forest) :

arefuse heap or p11e of d1scarded garbage whlch if old and from a speclal .
,culture can have archeologlcal value ' ' '

o descr1b1ng any, animal belongmg to the molluscs that 1nclude most of the .
o shellfish (except for crustaceans) ‘ ‘

a substance conta1mng phosphorus n1trogen and potass1um wh1ch are ,

essent1a1 to the'health and for the growth of plants

-an, anlmal at some pre- adult stage of development
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protozoa:

' .organic matter:
'* 'P'C-?C_iﬁ'_c'-‘ Flyu)ay:l
B photosyrithesis_: .

= phytoplanktoni -
i plume ’
" pollutant; ’

_ p'rim’rzry‘
- production:

saltmarsh

'sdlt wedge .
sedtment o
o slough |

| successzon .
o tzdeﬂat "

Ctoxic: .

' [ i v

“iﬁ b1olog1cal materlal or- chem1cals based on carbon and hydrogen
- the m1gratory path used- by birds along the west coast of North Amerlca

_-the process by which plants use sunhght in the presence of chlorophyll '
“to manufacture the1r food (carbohydrate) from carbon d10x1de and Water

, ﬂoatmg or’ dr1ft1ng m1croscop1c plant l1fe

the Volume of Water d1scharged by 4 river into the sea, and Wh1ch retams -

' some character1st1cs of the onglnal river Water (e. g, suspended 2
o sed1ments) :

a substance wh1ch is harmful to l1v1ng orgamsms because 1t is not .
normally found in the env1ronment or 1ts concentrat1on is too large

‘ R organic matter produced by plants wh1ch serves as the pr1mary source of o
"energy and nutr1t10n for other consumers in the ecosystem (e g '
herb1vores) ' o

m1croscop1c s1ngle celled animal or colony of ammals capable of

R 1ngest1ng m1croscop1c food part1cles

a measure of the quant1ty of d1ssolved salts in seawater deﬁned as the o
total amount of- d1ssolved solids in parts per- thousand ' R

" a vegetat1on commumty Where the plants tolerate hlgh levels of salt in’
' the Water table or ﬂood waters ' : ' '

awedge- Shaped layer of salty Water that is pushed along the bottom 1nto" | )
- an estuary on every flood t1de L ' , . ‘

: mater1al such as sand s1lt and clay that is. suspended in movmg Water PR
".but will settle to the bottom in still Water '

a shallow qu1et backwater channel connected to some larger body of
g ' water such as ariver, estuary or lake

| a bottom-feedmg ﬁsh covered w1th bony plates and a large head w1th _
_suck1ng mouth. Sturgeons highly prlzed for their eggs (cav1ar) are the
' largest freshwater ﬁsh of Canada o

- - the replacement of one- type of natural commumty by another through a-
progress1ve change in plant and an1mal life: over t1me s

Ca flat expanse of land usually mud or sand s1tuated between the hlgh
- and low tide level exposed at low t1des and ‘flooded at high: t1des

_of, relatmg to or caused by a toxin ot poison. whlch through chem1cal ‘
act1on k111s 1nJures or 1mpa1rs an orgamsm ‘ '
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- General Informatlon

- Dorcey, AH. J and J R. Gnggs 1991 Water in Sustatnable Development Volume II Explorzng our Common

Future in the FraserszerBaszn Westwater Research Centre Un1vers1ty of Br1t1sh Columb1a.

D0rcey, Al H J. 197 6 The Uncertatn Future of the Lower Fraser Westwater Research Centre Umvers1ty o f A
Br1t1sh Columb1a ) o . Ll

A N Hoos J L and GA Packman 1974 The Fraser RLver Estuary Status of Envtronmental Knowledge to 1974
Spec1al Estuary Senes #1. Env1ronment Canada West Vancouver, Br1t1sh Columb1a

Kennett K ‘and M.W. McPhee 1988 The Fraser Rwer Estuary An Overvtew of Changzng Condttwns Fraser
R1ver Estuary Management Program . : :

. Mortlmer, G. E 1981 Who Wzll Save the Fraser Rwer? Reader s D1gest October 1981 69 74

: .l Whlte L R and J Jelhcoe 1984 From Stdewalk to Seashore The Federatlon of Br1t1sh Columb1a
Naturallsts ' : : s '

-Educatlonal and Currlculum Materlal

. Anon Antmals of the Sea. arid Wetlands. (Pubhsher S Address Alaska Sea Grant College Program Umversxty
" of Alaska, Falrbanks Alaska USA 99701)

: .Anon Ocean Related Currtculum Acttvztres (ORCA) (Pubhsher s Address Marme Educatlon Progect Pac1ﬁc

Sc1ence Centre 200 Second Avenue North Seattle Washlngton U.S. A, 98109)

. ) | Anon The Estuary Program Level II (Pubhsher s AddreSS Padilla Bay Natlonal Estuarlne Research
A Reserve 1043 Bay View-. Edlson Road Mt Vernon Washmgton U. SA 98273)

. Anon The Estuary Study Program (Pubhsher s Address South Slough N at1ona1 Estuarme Research Reserve A

PO Box 5417, Charleston Oregon USA. 97420)

‘ “ Byrne M andCJ Anastasmu 1981. The Estuary Book Pamﬁc Educatmn Press Umvers1ty of Br1t1sh
' Columb1a Vancouver B C Canada V6T 1Z5 T

-Lynn B. 1988 Dzscover Wetlands A Currzculum Guzde Washlngton State. Department of the Env1ronment
. Pubhcatwn No 88 16 (Pubhsher 5 Address Mail Stop PV 11 Olympla Washmgton U S.A. 98504)
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g Phys1ca1 and Oceanography

] Claque dJ. J and J L Luternauer 1982 Where the szer Meets the Sea Studzes of the Fraser Delta Geos 11(2) -

812

'.Dyer K 1972 Estuarzes A Physzcal Introductwn J ohn Wl.ley & Sons, New York

Thomson R E 1981, Oceanography of the Brltzsh Columbta Coast Canadlan Spe01al Pubhcatlon of F1sher1es )

o and Aquat1c Smences #56 Ottawa Ontano

- ,Habltat Blology

Butler, R W and R. W Campbell 1987 The bzrds of the Fraser Rwer ‘Delta: Populatton Ecology and
Internatzonal Szgnzﬁcance Canadlan Wlldhfe Serv1ce Occas1ona1 Paper #65 Ottawa Ontar10

Fraser R1ver Estuary Management Program 1991 Report of the Habztat Acthty Work Group

, ‘Klstntz R.U. 197 8t An Ecologtcal Evaluatton of Fraser Estuary Tzdal Marshes The Role of Detrltus and the

Cycltng of Elements Technlcal Report No. 15 Westwater Research Centre Un1vers1ty of Br1t1sh Columb1a '

- Leach BA. 1982 Waterfowl on o Paczﬁc Estuary ANatural Htstory ‘of Man and Waterfowl on the Lower

. Fraser Rwer B.C. Provmc1al Museum Spec1al Publ1cat1on No. 5. -

' 'Northcote T.G. 1974 Bzology of the Lower Fraser A Revzew Techmcal Report No. 3: Westwater Research '

Centre Un1vers1ty of Br1t1sh Columb1a
- N . : .

:Identlflcat1on Guldes to Plants and Anlmals

a Clark L J. and J.G.S. Trelawny 1974 Lewts Clark s F teld Guzde to Wzld Flowers of M arsh and Waterway in

' the Paczﬁc Northwest Grays Pubhshmg Ltd Sldney, B. C

| Harbo R. 1980 Tzdepool and Reef Marzne Gutde to Paczﬁc Northwest Coast Hancock House Publlcat1ons Ltd
. 'Hart J.L. 1973 Paczﬁc Fzshes of Canada Flshemes Research Board of Canada Bulletm 180 .

. ,Peterson R T 1990 A Fleld Guzde to Western Btrds Houghton M1fﬂan Co Boston

Pubhcatmns of" the Br1t1sh Columbla Provmmal Museum V1ctor1a B C.; Canada V8V 1X4 TEL (604) 387 -
3701 (N umerous handb00ks covermg dlﬁ'erent spec1ﬁc groups of plants and anlmals) ' )

' 'Scott W B. and E J. Crossman 197 3 Freshwater Fzshes of Canada F1sher1es Research Board of Canada

. Bulletln 184

'vaely, G 1978; Explormg the Seashore in Brttzsh Columbta, Washtngton, and Oregon Gordon Soules Book Coe

Pubhshers Ltd
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'_Human Use | ,'

' ,»Enwronment Canada 1990 What We Can Do For Our Envtronment Hundreds of thlngs to do now. M1n1stry of .

Supply and Serv1ces Canada

',--Fraser R1ver Estuary Management Program 1990 Proposed Recreatzon Plan FREMP Recreatlon Act1v1ty
- Work Group Report S .

Fraser R1ver Estuary Management Program 1991 A Recommended Port and Industrtal Development
Strategy FREMP Port and Industnal Development Act1v1ty Work Group Report

' R Fraser R1ver Estuary Management Program 1991 Navtgatton, Dredgtng and Envtronment in the Fraser Rwer T

Estuary FREMP Nav1gat10n and Dredgmg Act1v1ty Program Work Group Report

. Ward, P. 1980 Explore the Fraser Estuary Lands Dlrectorate Env1ronment Canada

.Aquatlc Pollutlon :

) Fraser Rlver Estuary Management Program 1990 A Recommended Waste M anagement Actwtty Plan
FREMP Waste Management Act1v1ty Work Group Report ' '

Fraser River Estuary Management Program 1990. Agrtcultural Runoff Contamtnatzon in the Fraser Rwer
Estuary Waste Management Act1v1ty Work Group, Discussion Paper

Fraser River Estuary Management Program 1990 Potentzal Groundwater C’ontamtnatzon in the Fraser Rwer :

Estuary Waste Management Act1v1ty Work Group, D1scuss1on Paper

. Fraser R1ver Estuary Management Program 1990 Potentzal Surface Water Contamznatton in the Fraser Rwer .

" Estuary. Waste Management Act1v1ty Work Group, D1scus51on Paper

Hume,;M. 1989. Embattled Gtant. Po_llutton Threatens_to Destroy B.C M tghty Fraser River. Equlnox .

- Video Cassettes _ _ | | _ o
o Estuartes 1979 11 mlnute duratlon Ava1lable from the Natlonal F11m Board of Canada 100 1045 Howe
y Street Vancouver B. C Telephone 666 07 16..

' Paczﬁc Estuartes Where Rivers Jozn the Sea 1989 28 mmute duratlon Avallable from Ducks Un11m1ted .

Canada, 14343 - 44th Avenue, Surrey, B.C: Telephone 531 1104.

. Ttme to. Choose Our Common F uture in the Fraser Rwer Basm 1991 30 mmute du_ratlon Avallable from the B

Westwater Research Centre Un1vers1ty of Br1t1sh Columb1a Telephone 822 4956

Wetlands 1987. 29 mmute duratlon AvaJlable from Ducks Un11m1ted Canada 14343 44th Avenue, Surrey, o

BC Telephone 531- 1104 S T
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CANADA’'S GREEN PLAN
LE PLAN VERT DU CANADA
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