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ABSTRACT

The.coastal zone consists of a narrow resource éomplex occurring at the
interface between the sea and land. It nof only serves as a transition_zone ‘
between the marine and terréstrial eﬁvironments but is also a unique environ-
ment possessing qualities which emefge from the dynamic relationship between
land and sea. Man hés, throughout histbry, found the fesources of this area
to be highly desirable for a multiplicity of uses. Now, however, segments
of soéiety are expressihg_considerable dissatisfaction with the way coastal
resources have been allocéted and abused over the past decades., . The unres-
trained exploitafidn of coastalvresources has resulted in serious degradation
and single purpose co-optation of resources resulting in the denial of bene-
- fits from many coastal resources to different groups in society. Such
conditions indicate the need»to establish coastal zone management institutions
which gén'bespond to thesé problems by producing a mixture of goods relevant -
to theinegds and desires of tdday‘s society while preventing future genera-
tions from being despoiled of the use of coastal resources. In order to
design effective management institutions and poiicies which can fulfill this:
Aneed, a careful and systematic analyéis of coastal reéoufces' inherent
capabilities and limitations must be accomplished.

This stﬁdy postulafes that, through the use of a methodology which
integfates'the evaluation of coastal resources and resource use capability
with an evaluation of ‘user resource requirements in an ecological frémework, :
opportunities can be identified for allocated resources to various users in

a way that will reduce the degradation of resources and use conflicts.



ii. |

To conduct this stﬁdy-it was necessary to develop a system forjclassifyv
Iing and evéluafing_coastal resources for different uses. The literature
, regarding'coastal resburce systems was examined to provide a basis for design-
ing a classification scheme. Additionally, three current resource evaluation
techniques were studied -for procedures relevant to evaluating coastal
resources for a variety of uses. The evaluation proceduré used in the study.
represents a synthesis of parts of these techniques. The technique was
applied in a case study to provide a foundation for evaluating its-applica—
bility to planning the use of coastal resources. The coast of Whatcom County,
Washington, was. selected as the case study area. The results of thé study
were evaluated in a scenario compariﬁg‘the existing resource-use situation
and the cognty‘cbmprehensive plan in the study area to the alternative pat-
- terns of resource use revealed~b§-the capability analysis.' |

The classification and evaluation of the coast of WhatcnmACounty
demonstrated that the inherent capabilities and distribution of coastal
resources provides an oppoftUnity'to design alternative patterns of use
aliocafions. Analysis.of user environmental impacts indicated that these
~ patterns could be selected for their utility inAreducing user confiiéts
~and the degradation of coastal resources., In addition, the classification
ahd evaluation of the Whatcom County coast illustrated that the technique
could be useful for identifying and defining the nature of prospective
resource use problems that will affect the designvof coastal management .

institutions,



ACKNOWLEDGEMENTS

The author wOuid like to express his déepest‘appréciafion '
to Professors W. E. Rees and Brahm Weisman for their many‘éom—v
ments and suggestions-made during this studyi |

Sincefe thanks are due to Mr. Harry-?. Fulton of the

Whatcom County Planning Department for making évailablé infor-
mation necessary to complete this study. It is'withva great
deal of’réspect that my comments regarding the County's plan-
ning program are made. |

Without the su@port and patience. of my.wife, Terri, and
the'ﬁnderétanding of my daughtér, Leraine, it would nofvhave‘
been possible to complete this thesisQ. My greatest appfeéié—'

tion is extended to both of them.



TABLE OF CONTENTS

Chapter

1.  THE COASTAL ZONE: CONFLICTS IN
RESOURCE USE

A Need For Planning « « « « « « « o &
Defining the Coastal Zone .

Study Premise and Hypothesis
Methodology . P e

2. COASTAL ECOSYSTEMS AND RESOURCE ANALYSIS

Ecological ConceDté e e e e
Coastal Ecosystems . . '
' Impllcatlons for Resource Analy51s

3. ANALYSIS OF RESOURCES IN THE COASTAL
ZONE . e e e e e e .
‘Resource Analysis .

A Classification and Evaluatlon
Scheme for Coastal Resources. ... .

4, THE BIOGEOPHYSICAL CHARACTERISTICS .
OF THE WHATCOM COUNTY COAST

Resource Inventory and C1a551f1catlon '

:Cla551flcatlon of -the Whatcom-
County Coast~ . . .
Resource: CaDablllty Evaluatlons .
Discussion of Capability Ratings

5. THE OPPORTUNITIES FOR MULTIPLE USE OF
COASTAL ‘ZONE RESOURCES .

Management Problems .

The Role of the Resource _
Classification and Evaluation ‘
Technique in Coastal Zone Management.
Alternative Use Allocations and the
Whatcom County Comprehensive Plan .
Conclusions and Reccrmendations .

LITERATURE CITED .

' _WORKS CONSULTED .

12
14

16
21
Ly

47
47

56

72

. 101
. 105
. 121

. 125

. 125

129

. 132
. 145

. 149

. 156



LIST OF TABLES

TABLE : PAGE

1. FEstimated Amounts of Wastes Barged to

Sea by the U.S, in 1968 . . . « « « v v « « & 8
2. Envirommental Impact Matrix . . . . . . . . . B9
3. Resource Characteristics Limiting Uses . . . 70
ﬁ. | Inventory Elements for Coastal Resource

Analysis .« . ¢ v 4 v e e e v e e e v e .. . 13
5. Comparison of Characteristics. of Coastal

Western Hemlock Zone to Characteristics. : :

of Whatcom County . « + « ¢ ¢ v v ¢ o « 4 « W 75

6.  Classification of the Coast of Whatcom ,
County . « & ¢« v v v v o o o o 4 s . . .. . 108

7. Resource Use—Capability Ratings of Coastal .
Components for Oyster Raft Culture . . . . . 113

8. Resource Use-Capability Ratings of Coastal
Components for Residential Use (Recreation
Cottages and Permanent Homes) . . . . . . . . 116

9. Resource Use-Capability Ratings of Coastal
Camponents . for Waterfront Industries . . . . 120

10.. Resource.Use-Capability Ratihgs of Coastal
Components for Outdoor Recreation (Day
Use and Overnight Camping Facilities) . . . 122

11. Inter-Use Conflicts: Summary of Environ-
mental Impact Matrix . . . . . . « . . . . . 128

12. The Capability of Components Within the
Coast of Whatcom County for Selected o ‘
Uses . o« v v v v v v e e e e e 130

13. Comparison of the Whatcom County Comprehensive -
: Plan to Resource Capability Analysis . . . . 137



LIST OF FIGURES

FIGURE
1. Transect of a Rocky.Beach e
2. Transect of a Sandy Beach
3. Morphological Classification of Coéstlines .
4, Temperature and Rainfall in the‘
- Puget Sound Region .
5. Surface Wind Patterns: S.E. Georgia
Strait, Strait of Juan de Fuca .
6. Tide Graph . . « « « « « ¢ « . .‘. .
7. Surface Curréﬁt Patterns .
8. Flood and Ebb Currents .
| 9. Nearshore Currents--Movement on Flood Tide .
10. Nearshore Currents-fMovement on Ebb Tide .
11, Diagram of Oyster Culture Raft .

PAGE

23
U

62
77

-78‘
82
'.83
84
85
3

111



LIST OF MAPS

The Coast of Whatcom County .

Topography of Western Whatcom County
Slope Analysis '

Bottom Sediment

‘Vegetation and Wildlife .

Coastal Classification . . .
Capability for Selected Uses .
County Comprehensive Plan .

Present Land Use

PAGE

7y
o1
92
97
99

103

107

134

143



LIST OF PHOTOGRAPHS -

PLATES | PAGE

1. CHUCKANUT BAY TO SANDY POINT....95"

2. NEPTUNE BEACH TO BIRCH BAY......96



CHAPTER ONE: THE COASTAL ZONE: CONFLICTS.IN RESOURCE USE

A NEED FOR PLANNING

Man has had a iong associatidn witﬁ the sea, frequently colorful and.
always intimate.. Hé has built great cities where the land comes down to
the sea--cities dependent upon commerce borne by the sea. Estuafieé}ahd
embayments, protected from ocean forces, have provided convénieht locations
for building harbors with access to inland resources. The sea has been
‘Qne_of.the world's major sources of protein and is now being considered for
~an even greater role in supplying food for future world pbpulafions (Ehrlick,
1970). The variéty of scenery and expanse of beaches found in coastal
areas has always been a source of inspiration to man, and hence are highly
valued as a recreational resource. Now, hoWever, the impact of man's use-
of the seé, most intense at the water'ébedge? has straiﬁed the coastai'envire
onmént‘to'the limit éf endurance. The ability of the natural system;inv .
coastal areas to continﬁe-to supply the resourcés deSired by man is in doubt.

The coastal zone reéeives the impact 5f nearly all land-use changes‘
that'occur in cbastal'watersheds. Destruction and fouling of shellfisher—
ies has resulted from increases in pollﬁtion and sedimentation from land
~ runoff, dredging,iandiland projects. Thé viability of harbors fof naviga-
tion_has been threatened by alterationé in the pattern of siitation caused
by‘modificafions in river inflow and the construction of dikes, jetties,-
bulkheads, and causeways. The perdition of beacheé has resulted from the

combined effects of marine erosion and the loss of supplies of sediment
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which replenish the matefial eroded. Supplies of sediﬁent have béen're_
duced because of river diversions, the tfapping>of sediment in reservoirs
and behind structures such aé jetties and groins which obstruct the long- -
shore transport of beach.material.

>These are only a few examples of some of the undesirable conséquences
of human acfion onAcoastai fesourceé. Many other envirohmental consequences
of man's actions are noted elsewhere‘(Sorenson, 19703 Cronin,.1967) and con-
stitute an extensive list of alterationé in the coastal envirohmeﬁt. All
these examples point to the need tourationally'plan'ﬁan's activities in
the coastal'zéne. tional‘planning, based on'soﬁnd knowledge of eﬁviron—
mental systems in coastél areas is needed to maintaih the utility of these
reéources_to presént users and fUtufe geﬁerations.

While the area referred to as the coastal zone cannof be preciseiy
defined,.it is desirable to have séme idea of what is meant by the'term
as it is ﬁsed broadly in this paper. In general the coastal zone includes
the area of sea and land adjacent té the triple interface of land, sea, and
atmoSphere. The the encompasseé the land whefevterreétrial‘"activities"
are oriented to the marine énvironment.and life processes inflﬁeﬁced by
‘the sea and the water areasvwhére marine activities and life forms are
significantly influencéd by the resoufces of ardactivities on laha
(Schaefer, 1969). |

It has been nofed that planning fhe coastal zone has emerged pri-
marily in-thoseAareas expefiencing.intenSé préssure from ﬁses competihgt
for limited coastal resources (Sorenson,‘l97d). The gréwth of pogulation

in North America, most pronounced in urban areas along the coast, has



accentuated this pressure and the need for planning the use of coastal
resources. - In 1970, it was estimated that 70% of the United States popu-
latlon lived within one hour's dr¢ve of the coast (including the Great
Lakes) and that 33% lived in coastal_counties'which comprise only 15% of
that nation's total land area. Within these same counties nearly all
types of U.S. induetry are represented With only a few exceptions (U.S.A.
Department of the Interior, 1970). Mbreover, new usee‘of the_coasfalAzone
such as offshore airports, oil terminals, and ﬁuclear power genefating
plants are forseeable in the heaf futﬁre; .Such new uses will present problems
with which we have only limited or no experience.at all, yet must be'prepared
to encouﬁter. |

| Canada's population has_similarly displayed a propensity to locate in
or near'coastai areas. The author has estimated that in 1966 more than |
62% of Canada's populatlon lived within thlrty miles of the coast 1nclud1ng
the Great Lakes and the St. Lawrence Seaway (Isodemographlc Map of Canada,
1971}, In most areas this is a dlstance of less than one hour's travel
fime by‘auto! Mbreover,_thevgrowth in Canada's major industrial cities,
located within this'narrow thifty mile ban Ofvceastal’zone, has created
atremendous pressure to deveiop available open Space_for industrial, residen—
- tial and recreational facilities. Out of the 13 incorporated eities-ih
" Canada over IO0,000 population in 1966;”eight are located in the coastal
zone and have a metrepolitan area population ofIB.Q'millioh or 1/3 of the
total 1966 populatlon of Canada (Dominion Bureau of. Statistics, 1966).

A discussion of confllctlng uses and resource degradatlon 1llustrates

the need to utilize biogeophysical 1nformatlon in coastal zone plannlng

Nearly all the users of the coastal zone are deDendent upon the unique



‘characteristics of coastal resources. Ironically, however, many use conflicts
result from the adverse effects of certain resource uses on other resources
equally responsible for attracting man to the coast. Many‘undesirable con-
sequences are unforseen prior to human activities. Most disturbing, however,
are the long run consequences forseen as undesirable but given inadequate
‘attention to be eliminated. Feilure to give adequate attention to the
consequences of such activities as landfill projects in waterfronf areas,
and modifications in river basin hydrology, pose a greater threat to the
natural resources of the coastal zone than the dramatic effects of some
iselated events such as oil spills.’ vMismenegement of inland watersheds,
urban expansion onto flood plains,‘and construction of dams, dikes,'jetties;
bulkheads, and groins for protection against floods and wave action can

have dangerously cumulative effects on the biophysical processes‘in the
coasfal zone; Duﬁping dfedge spoils as land fill increases_wafervturbidity,
smothers bottom organisms and alters depths. Dam‘eonstrﬁction createe
barriers to upstream spawning migrations of marine fish and alters.watef
salinity gradients. - Jetty and grein construction alters the local'movement
of sand, changing beach ecology and upsetting sessilekorganisms &Salo,

1970).

Recreatlon appears to be one coastal activity that will generate
intense demands on coastal resources in the near future. The Outdoor
Recreation Resources Review Commission (1962) estimated that during the
post_waf years the average ‘annual increase in attendanee at outdoor recreation
areas waslgreafest at resource-based wafer oriented -facilities. . Moreovef;_
the progectlons for the j jear 2000 are the largest for thls same catecory

The Comm1581on (1962) estlmated that by the year 2000 there will be a



fortyfold increase in the demand for "resource-based recreation shoreland--
essentially national seashore areas.'" Increases in pleasure boating wili
also place additional pressure on shore areas for expanded or constructed
newvmoorage facilities. British Columbia has witnessed a nearly 100%
increase in the number of foreigh'pleasure boats entering the Gulf Islands
area alone between 1960 and 1970 (Department of National Revenue, 1370).
In addition, boat ownership in British Columbia increased from approximateiy
20 boats per thousand populétion to more than uO'betweén 1953-and 1966
and is projecfed to be about 55 per thousand population by 1985 (Lea, 1966).
| It is important to note that these recreation démands are for vefy
specific types of land areas with special resource characteristics.
Accordingly, Brooks (1961) pointed out that the satisfaction of recrea-
tional demands invariébly involves the availability of special lénd and
water areas. However, the U.S. Président's Commission on Mafihe Resources
and Engineering Development (1968) stated that while "the sea and shore-
line can provideiunique ahd valuable opportunities for recreation,
Contamination or deétrﬂction_of beach, marsh waterway, and shoreline. -
aggravates the pressures (for recréaticn) by-dehying use of the sea aﬁdf
shoré to a growing population." (My parentheses). | |

Special land or watef areas are also requireméhts of most other
coastal uséé. Port facilities are a prime example. Rapid technological
changes in shipping methods and the large sizevof néw vessels hés iﬁcreased
the need for new deep water.port locations and to make major‘adjﬁstmenté
in docks, channels and.oﬁ—land sférage éreas in existing ports. Nuclear
power'planfs are also being located in coastal areas because of the aQail—‘

ability of large supplies of water for cooling purposes. Use of coastal



waters forxcooling, however, is one of the activities most {hreatening

to the maintenance of the natural biotic resource system in the coastél.
zone (Odum, 1971)., This threat is pérticularly evident when one considers
the role of temperature as a limiting and controlling factor.in ecosystems
~and the potential heat‘that may be discharged from nuclear power plants.

- "It is anticipated that,bin the thermally less-efficient nuclear power
plants. . .the discharge temperature will be in excess of 11°¢C abovev

_ ambient, with an expected discharge by a single plant of fresh 6r salt
water of‘up_to 1,250,000 gallons per minute" (Slea, 1969).

‘Biologists note that temperature is one of the most important factors
‘affecting life (Hedgpeth & Gecnor, 1969). The introduction of. large quan-
tities of waste heat into coastal waters can be expected to affect,
among other things, the physical properties o% water, the rate of chemi-
cal reactions théf take place in sea water; the metabolic rate ofvahimals
and thereby their tolerance to ofher environmental changes (U.S.A. ‘
Department of'Interior; 1970). Strickland (1969) éénsidéred the effectS
of ﬁeaf on ecological periodicity andvthe avai1ability of food in marine
ecosystems, - He postulates that in zddition to:tﬁe direct efféctS'Qf.heat
~on fish species, heat discharges into estuarine waters ﬁay also altér the
reproductive‘éycle of .planktonic species. Delayed'br premature §roduc¥
tién of plankton may result in 1QWer survival fatés‘of larval stages of
fish becéuse of inadequate supplies of the right type of food at criticél
stages of the life.cycle. |

The fisheries indﬁstry is highly dependent upon the resources of the
coastal zoné. vaout 63% of the commercial catch on the Atlantic Coast

is made up of species thought to be dependent on estuaries at some stage



of their life cycles (McHugh, 1966). Seven out of ten of the most valu-
able species in Amefican fisheries spend all or an important part of
their lives in estuaries (President's Commission, 1969). Yet it is
estuarine areas that are most likely to be filled_for residential expan-
sion and industrial and recreational uses. Estuarine areas are attrac-
tive for land fill because they are often protected from the forces of
the sea by natural barriefs and they are typically shallow. The amount
of shallow estuarine area that can-béveasily filled is extensive. Cain
(1967) estimated that out of the total areavof the United States.estua—'
rine waters nearly one third are less than six feet déep.

Finally, the practice of disposing of waste'products in,coastal
waters is widespread (Table 1). The effects of waste disposai.in the
sea are not fully understood. However, a few cases indicate the‘potential
damage to the envirorment that can ensue from this practice. Off the
coast of Célifornia;.some areas previously known to be luéh with vegef:
tatién,'proViding_food and shelter for many species of fish, have been
reported to be barren‘in places whére garbage and dther sewage have been
dumped.(Hedgepeth,11970).» A éopper compound dumped into the North Sea :
in 1965 in an»amount'that would supposedly_increase'the presencé:of the
' sﬁbstanCe<in marine Qater by only one millionth of a gram pér liter _
resulted in large kills of fish off the coast of Norway (Marx, 1967).
The currents that were to diiute'the cdpper substanée, instead, conéen—
trafed it inshore in proportions deadly to the fish. Dumping‘of-uﬁtreated
wastes in the oceans not only alters fhe.quality of the water for the-
- growth of natural fauna and flora but obviously for @an's‘utiiity. Shéil—

fish in an estimated 1.2 million_acres, or 8% of the U.S. shellfish '



TABLE 1: [ESTIMATED AMOUNTS OF WASTES BARGED TO SFA BY THE U.S. IN 19681

Pacific Coast Atlantic Coast Gulf Coast

WASTES disposal ' disposal disposal
- Tons : Tons - Tons
Dredging spoilS W v « « « « o o « - 7,320,000 . 15,808,0002 - 15,300,000
Industrial wastes (chemicals, |
acids, caustics, cleaners,
sludges, waste liquors,
oily wastes, etc.): : o .
Bulk. . . . v v o o oo ... 981,000 3,011,000 690,000
Containerized . . . . . . . . - 300 ' 2,200 . 6,000
Garbage and trash® . . .. ... 26,000 |
- Miscellaneous (airplane parts,
spoiled food, confiscated
material, etc.) + . . . . . . 200
Sewage sludge . . v . v . wow e . | 4,477,000 -,
Construction and demolition ‘ ;
debris . . « . ¢ 0 o000 0 , 574,000
TOTALS . . . . - 8,327,500 23,872,000 15,996,000

‘Does not include outdated munitions.
Includes 200,000 tons of fly ash. , ,
At San Diego dumping of 4,700 tons of vessel garbage was discontinued in Nov. 1968,
Tonnage on wet basis. Assuming average 4.5% dry solids, this amounts to approximately 200,000
- tons dry solids per year being barged to sea. -

W N

oy

SOURCE: U.S.A., President, 1970.



grounds have been declared unsafe for human cohsﬁmption (U,S.A. President's
Camnission, 1970). Nektonic fishes are also affected by the use of marine
wateré for waste disposal. Por example, some of the damaglng effects of
sulfite pulp-mill wastes have been discussed recently. Juvenile salmon
ﬁigrating through harbors may be injured, phytoplankton activity may. be
suppresséd thereby decreasing available supplies of‘food and thé‘eggs

of Engllsh Sole may be dlrectly damaged by toxic materlal frcm sulflte

pulp mills (Salo, 1970). 1In a study of Albernl Inlet, British Columbia,
Harger and others (1871) concluded thét dark pulp mill effluent opérating
as a !"light trap" may be creating conditions of reduced food supplies fdr

- young sélmon which ﬁse the estuary to’feéd andvadapt to the sélf water
envirohmentQ The study group also noted the restricféd development of
sessile communities adjacent to the mill effluent outfall.. TWQ'possible_"
cauéativevrelationships were theérized to account for this restricfed
development. In both theofies, conditions of low fOOd‘supply were;predicted
to prevail in an estuary where "evolutionary forces can be expected té |

have programed a demand for nutrition." (Harger et al., 1971).

‘DEFD\II[\I"G‘- THE COASTAIL, ZONE

Attempts to.provide.an operationai definition‘of the coastal zone
have emergea ﬁrimarily fran the néed to resolve_confliéts among‘alterna—
tive or competitive uses. While most definitions implicitly reéognize
~that the land-water-air iﬁterface of the coastal zonevﬁonstitutes a network
of ecoloclcal relatlonshlbs they tend to vary dependlng upon the nature
of the problems belng considered 1n a partlcular area at dlfrerent tlmes

The U.S. Congress has considered the coastal zone to be ".v. .land waters
(o 2
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and waterbottoms near the coastline extending to the. . .territorial limits,
including,'but not limited to beaches, salt marshes, coastal and intere ﬁ |
tidal areas, sounds, embayments, harbors, lagoons, inshore waters, rivers,
and charmels" (U.S. Congress;_1971); Another congressional definition -
~reflecting an-amareness of marine influences inland, defines the‘zone as,
"o }lands, bays, estuaries, and.waters within the territorial sea.
and ektending inland'to the'landward extent of maritime influences" (U.S.
Congress, 1969). | | | |

Providing ecological criteria for defining the coastai'zonevis diffi-
cult; .The-basiciecosystems concept implies that management boundaries
can not be drawn to encompass all the parameters effectlng an ecosystem
Instead, it emphasizes that ecosvstems do- not exlst 1ndependently from one.
another. There_are transition areas between contlguous communities 1nter—
acting‘through.physical'and biological processes'over timecand'space.-'

In order to provide a resource bdse for management decisions; geo—
‘_bgraphical units of land or mater with sufficiedtly common'characteristics
are usually established- But these areas are ”natural" only in the sense .
that they dlsplay a recognlzable assoc1atlon of resource attrlbutes over.
space. These areas cannot be assumed to exist 1ndependent of processes
occurlng in. adjacent geographical areas. Any geographlcal area establlshed
for management purposes will be subject to’ forces generated outs1de its

borders. The 1mpt1catlon of this for resource analy51s has been pointed

‘out by Stanley Cain (1966)

t'is suggested that it be kept in mind that 51ngle—
z -factor operation does not cccur. in biclogical nature,
i that' the enviromment apparently cannot be conpletely v
© .analyzed, and that diverse: analjtlc data cannot at
present be synthesized back again into wnfthlno lee e
the natural whole of the ecosystem '
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The.coastal area itself is a transition between two major environments,
the land and the sea. In broad terms it includes 1) that area of land
directly affected by its proximity to the sea and land which directly in-
fluences the ecology ef the adjacent marine waters; and, 2) that portion
of the sea affected by its proximity to the land. It is narrow and rather
abrupt compared to the transition zones between other major werld ecosystems.

Maﬁy persons dealing witﬁ the problems of defining the zone for plen—
ning are in agreemenr on»its'seaward boundary as fhe limit of the contin-
ental shelf. The continental shelf has been defined by the Coast and Geo-
detic Survey for legal and other purposes’as the submarine area adjacent
to the mainland to a depth'ofAZOO meters (Shalowitz,‘1964).“ It is a
convenient physical structure that can be identified and used for esfablish—
»ihg aiseaward boundary to the coastal zone evan though ooeah forces effect-
ing marine life in the coastal zone derive from farvbeyond the aree of the
shelf. The 200 meter depth is acceptabie since it<marks the aversge.pointb
~ where the bottom drops more rapidly to form the deep basins of the oceaﬁ
(Odum, 1371) . Furthermore, its width affects the forces of ocean waves ‘
striking the shore ahd conseQueﬁtly‘the processes of beaeh erosion_and
, accretion (National Estuarine Pollutlon Study, 1970).

Deflnlng the 1nland extent of the zone presents a more difficult pro-
blem. It has been defined as the limit of tidal influence (U.S.A. Depart-
ment of the Interior, 1970), less objectively as the limit of immediate
access® from land (Sorenson; 1970), and curiously as the limit of view from
offshore waters whenever it extends beyend two miles inlend and adjusted'

to include other areas significant to coastal ecology (U‘S._Bureau of Sporfs

* Access to what is not defined.
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Fisheries and Wildlife, 1970). Whether this last definition is adjusted
for visual conditions is not evident. However the landward boundary 1is
-established, it will reflect a different "point of view." The use of
different boundary criteria yields different geographical areas énd'thereby
different combinations of biogeophysical factors to be considered as

within the zone. As a result, wherever coastal zone boundaries are
established they will reflect some social and economic bias. Thus, no
boundary should be interpreted to suggest that effective management can
be accomplished without recognizing influences that derive from outside
the zone.

- Given this understanding of the problems involved in delimiting
and using ecological regions, the author has defined the coastal zone,
for purpose of resource classification, in two phases:

1. COASTAL WATERS: From the seaward limit of the continental
shelf, defined as the point of submerged land at a depth
of 200 meters, to the line marked by the point of mean low
water.

2. COASTAL,LAND: Landward fram the point of mean low water
to the furthest extent of marine influences such as water
salinity, climate, and marine salt air effecting vegetation

growth and land and water use activities dependent upon
coastal resources. :

STUDY PREMISE AND HYPOTHESIS

| Identifying e%isting use conflicts and'the,impacts of man en the
resource of the coastal zone is only a preliminary step in,planning for
its use. Rationél planning must also attempt to anticipate future demands
and . be prepared to alloéate.ﬁses Witheut damaging the enviroﬁmeht'aﬁd'

foreclosing options for future uses (Wilkes, 1969). As stated by the
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Commission on Marine Resources and Engineering Development (1970):
The challenge before us is to find opportunities for
multiple compatible uses cof the shoreline and
inshore waters, and to maintain options for future
uses not foreclosed by degradation of the resource.

This will require identifying multiple compatible
uses and also encouraging the developmeﬂt of
effective mechenisms for making rational choice
among incompatible uses.

Implied in this statement is the need ﬁd understand the host relatien—
ship of the resource base to man's activities. The variety of natural
conditions found in the land and water resources of the coastal zone
provide opportunities fof use. These resources have intrinsic capabil-
ities and limitations which contrlbute tc user's satisfaction. Angus
Hills (1961), Ian McHarg (1969) and others have described how the .

- physiographic features and ecolegical processes form.the basis for
determining the land's usefeapability. ‘Capability, however, includes
more than'the ability of the 1and to supply resources. Capability
_also 1ncluaes the ablllty of the resource to absorb the effects of ﬁse.
Holling (LJ71) has derlned this as the system's resilience. To define
capability,.then; one must'understamd the interacfion between men»and
the resource system in terms of system resilience. vHumen.ﬁnpact on |
resources feeds back through the'eCOSystem to alter;the eubeequent ability .
of the resources to satlsfy human requlrements. Conseduently,-the.con—
‘tlnuous squly of opportunltles for present uses and thlons for future
uses can be threatened»by resource management which fails to con51der this -
feedback process.

Hyrothesis

Within this context of man's relationship to the enviromment, the
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hypothesis for this study is recognized as:

Through a process which integrates the evaluation of
biogeophysical characteristics of the resource base

" and an assessment of resource use—capabﬁlity with an
analysis of the resource requirements of specified

" users, opportunities may be identified for allocating
land to various users in a way that will reduce
environmental degradation and resource use conflicts.

METHODOLOGY

This study comprises three phases: Phase one'is the development
of a coastal zone résource classifiéation and capabilify rating sysfem..
Pﬁase two is the application of this system to a selected case study
area. Phase three is the evaluation of the usefulnesa of the methodology

in terms of the stated hypothesis.

Phase One
To develop the classification and rating system the following process.
has been established.

A. Review of Coastal Fcological Svstems. An examination of .
coastal ecological systems, in general, will aid in select--
ing those features of current resource analysis techniques
salient to classifying coastal resources. An understanding
of the functional role of various features of the cocast
will provide the ecological Iramework for evaluatlng the
resources and user impacts.

B. Review of Resource Evaluation Techniques. . Current resource
analysis techniques used in land-use planning will be
examined. The way in which the methods inventory and
describe land and water resources and evaluate them for

. use will be scrutinized. Quantitative methods for estab- .
lishing the resources use values w1ll also be considered.

C. Synthe51s of Evaluation Techniques. W1th1n the ecologlcal
framework of the coastal system, those features selected
above will be synthesized: into a methodology for classifying,
evaluating and rating coastal resources for-various uses.
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Phase Two
In a case studyv, the technique will be applied to establish capa-
bility ratings and a resource allocation system for the coastal land
and water areas of Whatcom County, Washington. The following objectives
have been established for éonducting the case study:
A. To demonstrate the integrated evaluation of
resources, user requirements and use impacts in
establishing resource capability ratings.

B. To use capability ratings for allocating. resources
to potential uses.

C. Tovprovide a framevork for testing the applicability
of an integrated resource evaluation technique in

reduCing adverse environmental impacts and use con-
flicts in the coastal zone.

‘Phase Three.

An evaiuatign of‘the methodology.Will be conducted to ascertain its
effectiveness in reducing adverse environmental'impacts énd use cohflicts.
This will be aécomplished in a scenario comparing'ihe allécatigﬁ of
pdtential.uses assuming two different management policies.; The:first
policy will assume_land to be allocated on the basis of the résource
~capability analysis aescribed herein. Theiéecond one will assuﬁe the
policy of lénd_assignment implied in the i971icomprehensive plaﬁ developed

for Whatcom County, Washingtoh..



CHAPTER TWO: COASTAL ECOSYSTEMS AND RESOURCE ANALYSIS

Recent literature on resource analysis and classification techﬁi@ues
is replete with statements emphasizing the importance of utilizing eco-
system concepts (Mabbutt, 1968; Hill, 19703 McHarg, 196%). The ecosystém
concept is seen as the franﬁwofk for conducting systematic evaluations of
resources as they relafe to life processes and productivity. Unfortunately,
the difficulties in operationalizing the ecosystem concept in resource -
analyéis have not been entirely overcome. Presently, information regarding
the structure of ecological systems and an understanding of their function-
al processes is not complete. Secondly,'reéourcefmanagement institutibns
are fragmented into single purﬁose agencies making it difficult_fo imple—
ment a holistic approach to natural resources ménagemenf. |

To dévelop a resource analysis and classification technique for the
coastal zone, it is imperativé to recognize pfinciples of ecology as théy
relate to man's alteration of natural resource systémé and fhe quality
he desireé in his ehvironment; A review bf ecologiéal'principles and
'~'theif implications for resourée management;is given below to establish
the basis for a study of two maﬁQr coastél écoéyétems: estuariés and the

intertidal zone of the marine ecosystem.

ECOLOGICAL CONCEPTS

Odum (1971) defines ecology as "the study of the structure and func-

tion of nature," and describes an ecosystem as:



17

any unit that includes all of the organisms in

a given area interacting with the physical envir-
omment so that a flow of energy leads to clearly

defined tropic structure, biotic diversity, and-

material cycles within the system.

vWithin any ecosystem there are two major components abiotic and biotic
components can be_recOghized. Abiotic substances make‘up'the physical
and chemical envifohmént within which inferactions.befween thé biotic
components take place. Biofic components’of the ecoéystem are the
producer, consuher, and decoﬁposer organisms. The prbducéré are'largeiy”
‘green plants which utilize light energy, carbon dioxide and minefal éub? o
stances to manufacture their own'food.'_Cbllectively they are reférred

to as autotropﬁs. »The,consumers are ofganisms.thaf utilize energy’rich
organic material manﬁfactured by autotrophs. _Sihde“consqmers derive their
energy erm food manufaétﬁféd‘by producers tﬁey are_referred to as ﬁétero—
trophé. The decomposers, also heterotofphié ofganisms, are considered as
one of the maiﬁ constituénts of the biotic-WofldvbeCausé of the'rolé they
play in the cycling of nutriénté. Decompoéefs do_not.iﬁgest foodvaé do
the herbivore and carhiVore Consumers; -becomposefs;secféte enzymes‘onto
dead organic mattér-which dégrades the matter‘so fhat‘sgme of it may be
absorbed.inté the decompoéer's body . Because'this'proceSS'of degration
and digestion.takes piace-external to_the decomposer,-Certain nutfients
and other compounds found in dead plant and animal material, remaining
after bacterial and fﬁngal deéompbsition,_areqnadé_ayailable for feuse by

producer and consumer organisms.
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| Nutrient Cyclihg

In the cyclimé of mutrieﬂts» two circuits are recognized.  The
gra21ng circuit involves the consumption of 11v1ng Dlanis or plant parts
by heterotrophic organlsms,‘mostly herbivores. The detritus circuit
refefs:to the'cycle which involves dead plant and animal material (detritus)
and 1ts decomp051tlon by decamposer organ1sms Together these two nutrient
c1rcu1ts form.the ‘major channels by which nutrient materlal is cycled |
'through an ecosystem.

The cycling of nutrients involves both the biotic:aﬁd physical—'
chemical constituents of the ecosystem in what are called biogeochemicel
cycles. Biogeochemicallcycles can be divided into two major'groups;'ome
in wmich»the atmosphere,acts=as the major resemvoir of elements as‘they
exist in a gaseousvphaSe ano the:other in which the iithosphere’acts as
the reservoir of elements (Kormondy, 1969).' Minerals are released from
."the lithosphefe‘by the‘processes of_meathering and bacterial action to form
the sedimentary»cycle. Both,types of cycles, atmospheric and'sedimentary,
are 1mportant in marine ecosystems and must be con31dered in evaluatlng
the potentlal effects of air, land and water pollution on coastal resour-
ces. Moreover, it is 1mportant.to recognize the role that the physical
laspects of fhese cycles play iﬁ marihe ecosystems'since mafine systems

tend to be dominated.by:physical processes.

Community Energetics

Community energetics is the studyvof'the flow of energy fram one
trophic level to another. Energy in biclogical systems comes ultimately

- from the sun. This radiant energy is transformed into a chemical form in
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photosynthesis by green plants. Each trophic level of organisms beyond
the producer plant level depends on the fixation of radiant energy in
organic matter by green plants. At each tranéfer of energy froh one
trophic level to the next or befween constituents of the same trbphic
ievel there is a‘progressive'decfease in available‘energy because at
each transfer of energy a large part of the‘energ& is degradéd intn heat.
Watt (1968) points out for resource management purposes, that the
most efficient long term energy utility occurs under natural conditions.
Hence,_modifiéations éfvan ecosystem which resulf in conditions other
than prevail naturally cause a néduction in the utilization of enérgy;
Therefore édditibnai inputs of energy would be needed to maintain the
level of production in an ecosystem modified to Qonditions which do not
‘prevail naturally.‘ The corollary of this' fur biotic resource management
_is that the greatest.préductivity'will occur undér those conditions
whiéh_most nearly resemble natural conditions. This concentvis central to
understanding one of the major resburcé management pnoblems todayy fhat is,
nan's inability to divert_ontixmnlproduéti&ity occwrring innature to his
own use without npsetting the natunal order in én ecosystem and‘tnereby'
réducing its productivity. |
Thé implicationé of this for determining resource capability are noted .

by Hills (1961). Hé states thaf:" |

The biélbgical prnductivity'of an area is dependent

not only upon the potential of the land to supply

matter and energy to the biotic community which it

' supports but also upon the- ablllty of the organisms

. to utilize this energy.

The importance of,this principle for coastal zone planning is in establishing
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the limits within which man may modify coastal resource systems without
-reducing the productivity of those resources for other users and future

generations.

The Concept of Habitat and Niche

Habitat and nichevare‘concepts uéeful in understanding relationships
which exist between érganisms and their environment. In the habitat
approach (Odum, 1971), attention can be focused on specific geogréphical
areas.such as the coastal zone that one may wish to investigate for
ecoiogical purposes. Moreover, it is é concept that cén be readily adapted
in resourée management because‘it adds a épatial diménsion to the applica- |
tion of ecdlogical principles. |

An organism'é habitat is the éggregate of the biotic and abiotic
characteristics of aﬁ organism's environment. It is a concépt‘of place iﬁ
the sense that it describes the envirommental characteristics whefé an
"organism lives.  An Organism's‘niche- however is within the habitat andi
defines the functional role of the organlsm in the communlty (The comhu—

' nlty belng deflned as. all of the organlsms collectlvely w1thln the habitat.)
.'Odum (1971) dlstlngulshes between habitat and niche in the f0110w1ng analogy

It may be said that the habitat is the organism S

‘"address" and the niche is its "profession", blOlOgl—

cally speaklng
Information about an organlsm's,niche_tellsfusfabout the orgaﬁism's aétivi—
ties, including_its nutrition and energy'séufces, metébolism'and growfh,
effect on other ofganisms_it contacts,’and the extent to which it modifies
or is capable of mod1fv1nc oneratlons in’ tho ecosystem (Odum, 1971). Use

of the niche congept in resource ana1151s is helprul in understand;nz the
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extent and significance of envirormental modifications made by organisms.
For example, organisms appearing to be econocmically insignificant in an
ecosystem may make envirormental modifications necessary for the survival

of those specied deemed "valuable" in the market place.

COASTAL ECOSYSTEMS

The following'diséussiOh-of coastal ecosystems ié primarily con-
cerned with the estuarine habitat, and the inteftidal zone of the marine
habitat. The major emphasis of this discuésion is on the physical'pro-

. cesses affectihg these habitats. Physical proceéses.are emphasized becauée
of the important role they play in controllingvthe biological world and
because of the nature of man's actions in the coastal zone. Phyéicél
‘aspects of estuarlne and marine habitats determine to a great extent
patterns of comunity zonation and productlylty. The nature of man's
action in the coastal zone is'primafily in changing the physical environ-
mént; Thusg-patterhs of_ccmmunity.zonations provide a sfrﬁéture'relevanf

to the analysis and classification of coastal reéourceé for human‘use._'w

"~ The Marine Habitat

The sea can be c1aééified-into sﬁbzéﬁes or sub—habifats horizontélly
and vertically. The continental shelf.is the.principal physiographic.
feature usedito delimit horizontal subZonésf The hearshore aréa of the
continénfalvshelf, often shown exténdingvffom.the point of mean higﬁ__
tide to appfokimately where the'confinental slope begins, is célled'the-'

neritic zone. The intertidal zone, then, is the shore drea that lies in
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the neritic zone between the highest line that the tide can reach in any ‘
one'year and thé yeafly lbwest line to which the tide receeds (Bauer, 1871).
The area inland, beyond the intertidal zone, to the furthest eitent
where the forces of tide'and extreme wave and wind energy cause erosion
and accretion of.the coast, 1is térmed the supra—tidal zone or backshore .
(Bird, 1968). The oceanic zone lies seaward beyond the continental shelf.

Verticai zonation of the sea is also recognized. The major verti--
cal zones are based on the peﬁetration of light into sea water. The upper
zone, where.the penetration of light into the water makes photosynthesis
possible, is the eUphotic zone.. The euphotic zone is separated ffbm a
thicker aphotic zone below where ﬁo photosynthesis occurs by a compensation
zone. Thebcompensation zone is the area betﬁeen the euﬁhotic and aphotic
zone where respiration of phytoplankton baléinces their ﬁhotosynthetic
activity resulting in no net productivify. | ' |

Further subzonation of these vertical and horizontal zones_is accom- '
plished by both physical and biblogical processes‘(Odum; 1971). 'Verticél
subzbnation in.the aphotic zone is recognized by the ekistence‘of two broad
typés of comhunities, the benthic and the ﬁelagic. The benthic community
includes all_those brganigns that live. on or in the bottom matérial
-réspectively‘referred to as epifauna and infauna. The pelagic communify
includes all those frée swirming or floatiﬁg organisms iﬁ the open water.
A transect of a sandy and a rocky beach, shoWﬁ 6n the fqllowihg pagesas
Figures 1 and 2, illustrates the horizontal subzonation of the ﬁeritic zone
and backshore area that can bé.distinguished by the dominance of certain
species of plants.and animals.

Perhaps the most dominant factor influéencing life in intertidal zones
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is the periodic 00vefing.and uncoyering of plants and animals by tidal

action. For this reason Reid (19675 has defined the intertidal zone as

‘the zone of extremes. .Life in this zone must be capable of tolerating |

extreme changes in salinity, temperature, moisture and in many instances’

periodic disqutions in the strueture and composition of the zonal,material.
Reld (1867) has cla551f1ed intertidal comwunltles into three groups

accordlng to the tyDe of beach_materlal extant in an area. These groups

are sandy shore, rocky shore and muddy shore communlty types ~In each group,

the physical factors of wave actlon, tidal action, currents and geological

material interact to produce distinctively differentvenvirohmental condi-

tions for colonization by diffarent plants and animals.

Sandy Shofes: Beach profiles provide one way to disfinguish betWeen’
different sandy shore commnities. The Drofile of a beach iS'indiCatiVe
of the phys1cal processes operatlng in a coastal area. Proflles subsequently
indicate the tyDe and distribution of plants and animals that may be found
- aleong a sandy shore.‘ Klnne-(l970)-has noted that, in general, the slope
of a beacﬁ‘can be'aschiated”with tﬁe particle size of tﬁe beachsmaterial.
Odum (i97l)1hetes tha{, in general, beﬁthic communitiesbwill be foﬁnd to
replaee ohe'anothef fram fhe shore tO’the edgevof the centinentai.shelf
depending largely upon the type of bottom material. Thus,'at a very general
level the factors important in shaping beach proflles are also useful in
undersuandlng the nature of the env1ronment whlch affects the dlstrlbutlon
of organlsms in the intertidal zone.

waves and geological material are the major factors in the develop—.'

ment of beaches. The effect of wave action on the movement and deposition
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of beéch material varies depending upon the size of material. This results
in differenf patterns of transpoft and deposition along the backshore‘and
intertidal areas of the coast. The beach profile fesulting from this
process of transport and deposition will éubsequently modify the force
of wave action, thué resulting in new patterhs-of.transﬁort andudeposition.:
Beach formation, therefore,_isTa dynamic procesé of the effect of wave
action on_trahsport and sedimentétidn being Continuouély modified by the
profile‘of the beach. |

In the prdceés of beach formation,'sand_particles are-tranéported
up thé beach by breaking waves that wash on fQ the beach in é diagonél_ A
direction and retreat iﬁ a diréctidn yertical to the beach. At fhé éame:
time, longshore éﬁrrents'are created in the submerged intertidal zone by fhe
force'of.the‘diagonally approaching waves on“intertidal currénts. :Beaéh’ |
"méterial-Suépehdedxby the_fqrée of breaking'wayesvis tranépbrtéd in'éﬁe |
direction or another by-thé longshore current (Bird; 1968), vLongshore
driffing of‘materia1 often results in the net transportatidn of Béaéh'
‘material in one direction causing the loss of material in some areas.and'
gains in others. - Natural orjértificial structufes in the interfidal sze
bméy act to trap the maferial transﬁorted by iongshore‘currents. In cases.
whére‘the longshofe cﬁrrénts are diverted far from shore;_fhe materiél is
often lost to,sédiménts in deep oéeén ¢anyons . | |
‘Spits and barriérs form along shorelinés Qhere the shbreline.direcfion
ilchanges and the strengtﬁ‘of loﬁgshore Currehts dimihishés allowing'sediménts,
fo be deposited.  SpitS typically curve laﬁdward and their oﬁtliﬁeé-are

shaped by wave-actionv(Bird;v1968). Sait marshes often form on the landward
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~side of spits where sedimentati@n'and stable surface conditions permit
plant occupancy;  River mbufhs'and entrances to coastal bays are altered

by the development of spits and barriers. Barriers develop inifially as
spits, emerged bars or barrier islands offshore. With continuous sedimen-
tation the-barriers‘develop to eVentually seal off the mouth of inlets
‘or bays. Both spits and bays alter the patterns of water circulation and
deposition in embayed areas and river mouths. -

It is stafedvthat, the ﬁrofile of a beach at aﬁy one point in time

will be determined by‘the wave -conditions during the preceding period

(Bird, 1968). SeQeré»Stofms will erode or scour much material away from.
| beaches due to force of thé retreating waves. During calm weather? hbWever,
the waveé will constructively move material back on to the beach. This
~ destructive andICOnstructiVe action is callqd cut and £i11 and is evidenéed
by'the presence of beéch ridges or berms. New ridges are bﬁilt up in front
~of those that survive storm conditions as sand is supplied to the.beéch in
sgcceeding‘phaSes of calmér weather (Bird, 1968). In time, the more stable
landward ridges are>colonized_by’successional stages of végetation. The:'
vegetation'stabilizes the ridges, protécts them from erosion, and-promotes
the de&elopmént of soil. |

The enyirdnmenial variabilify fouﬁd_in the interfidal’ione reSuiting .

from the action of tide and waves_challenges.plant and animal colonization.
However, even ih‘interfidal areas appearing to be barren of life anvabundance-
. of‘life;in benthic comunities beneath the surface is often present. In

,additidn, a variety bf pelagic organisms periodicaily_migrate into this

area to feed aﬂd find shelter.
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Sufface plants afe conspicuoﬁsly absent on the intertidal portion of
sandy beaches. Unstable surface conditions of the beach prohibit‘succes—
sful colonization by plents._ On- the other hand, organisms buried in the
sand‘are abundant even though their variety is not as great as in the less
physically variable submerged neritic areas. Some epifauna aleoAinhabit.
the intertidal zone. Moving invand off shore with the tide epifauna feed
on other‘animals and organic debris.

There are seme marine animals; not restricted to living in inter—
tidal zones, that utilize the intertidal'ZOne for feeding and breeding.
These animals;_includihg fish, birds, and mammals, add to the diversity -
.of consumers which utilize.the intertidal zone. As the tide rises aﬁd falls
these consumers elternate in ranging into the intertidal zone to feed.

One can thus appreciate the high productivityIOf this area in coneidering
that this feeding pattern results in a continuous harvest of the inteftidai

' zone.

Rocky Shores: On rocky shores a zonal pattern in the distributien

“of plants and animals is more evidenf than on mﬁddy or saﬁdy shofes; ‘The
Stephansons (1952):delimited three'majer zehes_on rocky shores (Figure l):i
1) a dry supra-tidal zone»characterized by periwinkles and dark biotehes_
on rocks caused by lichens and elgae; 2);an“"infertidai zone" (more*narrowly
defined than our definition) characteriéed by the abundance of‘barnecles;
aﬁd,‘3j a subtidai zone partially uncovered'ohly,duriﬁé very low tides

and characteriéedbby seaweed (see also Odum, 1971).‘ The.upper beach zone
is frequently very dry limifing inhabifants:to species that can avoid being

desiccated. The "intertidal zone' is a narrow area between mean low tide
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and mean ﬁigh tide that experiences uninterrupted coveriﬁg and uncovering
by tiaél action. One of the major characteristics of this zone is the
occurrence of tidal pools which harbor separate communities that cah be
considered subzones within the intertidal zone. Reid (1967) notes‘that

to survive in the intertidal zone organisms must: 1) "be equipped with
strong hold fast structures or pfotective shells (or béth)"; or, 2) "be
~able to seek sheltervamong other residents:" The subtidél zone -or seaweed
zone delimited by_the‘Stephansons is charaCtérized by less stressful
tidal influences but is subject to the forces of waves and Currenfs which

affect the distribution and kinds of organisms in this zone.

Muady Shores: Muddy.shores.occur where the forces of coastal currents
"and wave action are reduced allowing fine particles of silt to settle
toithe'bottom;' The result is an accumulation of mud on the'shqrésﬁbf
‘protected_baysvand mouths.Qf coastal sfréamé and'rivérs.' Since béys'and
mouths of rivers are estuarine they will be considered in more detail in'i
the section on‘estuarine habitats. However, some muddy shore afeas do.
occur in coastal inlets and embayments where salinity-is‘abgut the same
,as'thé'adjacent sea. In these,areas,»cufrents,fwave action and sélinity
’ detehminé the kinds of plants and animals.that inhabit the muddy:intertidalv
shore. - |
Few ﬁlants have adapted to living on muddy-shores; Théir'grbwth is
restricted by tufbidity which‘reducés lightbpéneffatidn into the water
and thereby inhibits photosynthesis. In addition, the 1a¢k of solid.
structures to which algae may attach itself and siltation which smofhers

the plants effectively prevents much plant colonization of muddy shores.
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In areas where there is a mixture of mud and sard, certain algae and eel-
gréss will grow sucéessfully. Sinée.thé distfibution of sand and mud mixtureé
is usually uneven, the distribution of these plants will be pafchy (Reid, B
1967).

| Muddy shores display zonal patterns similar towthe vertical and hori-
zontal zonation of sandy shores. Among the many kinds of epifauna on muddy
shores one may find species'of crab, hydroids, and gastropod mollusks and
shell—less gastropods (Green, 1968). The infauna of muddy intertidai Zones
are predominatély peiecypods and other mbllusks, worms, and crustaceans
(Green, 1968). The distfibutioh of infaﬁna is ‘determined by the effeéts
of various mixtures of silt and sand in botfom‘sedbnent and by the effects
of‘the ebb and flow of the tide.  While the lack of oxygen in the mud makes
life on muddy shores difficult; the ébuﬁdahce of foéd as orgahié detritus‘

provides nutrition for a large number of detritus feeders (Reid, 1967).

The EstuarineiHabitat.

Estuaries are a'majof'environment invthe systembof coastal'resources.
Estuaries are a permanent habitat for many'fiSh and shellfish ahd also prOQ
- vide breeding? nﬁrsery, and feeding groﬁndsvforvmany,othef elements of the
fauna. .AS'noted'in Chapter one, more thanISQ% of the commercial.fish
catch on the Atlantic Coast consist of'fish eﬁtirély or partially depeh—

, aént‘ﬁpon estuaries. Odﬁm (1971) nctes thé‘importance of esfuaries to
the_productivity of coastal marine-waféfs. In'avprCCéss he calls "ouf;
' welliﬁgﬁ; eStﬁariﬁe nutrients flow intQ‘adjacent marine areaé'and contribute

fo'their_highvproductivity: :



31

The mosf commonly used definition of an estuary is the.oné provided

by Pritchard (1967): | |

An‘estuary is a semi-enclosed coastal body of water

having a free connection with the open sea and within

which the sea water is measurably diluted by fresh

water derived from land drainage.
The salinity of an estuary is usually considered to range from between 0.5
parts per thousand (ppt) and 5ppt at the fbesh water entrance to near 35ppt
at its mouth. The salinity of ocean water'uéualiy‘ranges between 35ppf
to uOppt.

The types of esfuaries that may be included under this broad definition v'
are tremendous. The drowned river valley estuarles resulting from changes
in the level of continental land masses or levels of the sea are probably
the most typical. In the Pac1flc Northwest we are_famlllar w;th the
glacier—gouged fjord type of estuary. >Other-typeé of estuaries includé
those formed by’earthquakes such as the San Francisco Bay‘or‘more'510w1y
by the gradual development of barrler beaches creatlng embayment or lagoon
types of estuaries. Within each of these- tyDes of estuarles, forces of
tidal action, waves, and ourrents act to ‘make each_estuary unique.

'Biogéophysical processes cammon to estﬁaries opefate to pfoduce a
dynamic, variable, dnd highly stressful environment for life. These pfo—
cesses éxort stresses very selectiVe‘on the kinds of_organisms that may
inhabit én_estnary,and détermine to a great extent thé abundance‘and distri-
bution of:organisms within the.estuary. >Rivér current and the ebb.and flow
of the tidemare‘the major forces creating complicated oatterns of:érosion,
sedlmentatlon, and water mixing in estuarwes (Reld 1961). The mixing of

salt and fresh water Drocuces a chem_ch environment unllke'clther Lreshuatcr
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or marine enviromments. The diurnal rise and fall of the tide produces
highly variable salinity and moisture conditions throughout the estuarine

habitat.

Marine and Fresh Water Mixing: Af any one point in an estuary the levels
of salinity véry so greatly that relafively crude measures of salinity are
adéquate for most biological'studiés (Green, 1968). 1In ﬁost estuaries;
gradients of salt content can be detected and shown as isohaline lines
running across the estuary. These lines do not run straight across the
‘estuary. Due to the coriolis force, the isohaline lines are further inland.
on one side of an estuary than oﬁ the other. In the northefn‘hemisphere‘
they afe higher on the right hand side.of ‘the estﬁary when one faées upstream
(Cronin, 1970). In addition, the ebb and flow of the tide carries the
isohaline lines up and down the estuary. |
| ‘Four classeé of estuarie85‘based on pafterns of wéter circulation and
salinity, have beén outlined by‘Bowden'(1967). fidal current relative
to. river flow is the<basic force determihing the type of water circulation
in estuaries; In general, river water tends to flow seaward as.é 1ayer'._’
of frésh water on top ofvheévier salt water. The twq layers are_separated.,
' by avrather distinct interface. Tidal_currents, which produce tﬁrbuient
‘mixing>actiqn, break down the interface and cause various miﬁing patterns- 
of salf and fresh water. In a yértical éolﬁmﬁ of esfuarian watef this tﬁr—'
bulence_may produce mixing'in.one_part_or throughout the length of the
column of water. Shape and sizé‘of the estuary and the force of the earth's
rotafion also influence the‘miking prdcess‘of éalt and ffesh water in
estuaries. |

In the first type, a salt wedge estuary, salt water extends as a wedge
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into the river basin or embayment with little or no interruption in the
salt and fresh water interface. If there were no frictioh between the -
salt and:fresh'watef, salt watef would extend up the river to. the point
where the river bottom is at sea level. Howevef, a certain amount of
friction does occur, forcing‘the'upstream edge of the salt wedge to slope
downward. | | | |

The second typé>0f estuar&»is also characterized by a‘two—layeredv
flow of salt and fresh water Eut.with entrainment of salt water'occurring
’invthe upper layer ofbfreshbwater. Salt water is moved upward and'ehtrained
in the upper layer by internal waveé on the interface created by a strong
river or surface layer flow. 5Wéter circulation_of this type usually occurs
in deep_fidrd-fype estuaries.- |
R In shallow estuaries;.greater mixing of salt énd fresh water takes
place to produce anjunstratified,estuary. While»tﬁere wili.be marked
differenées in the flow of water from top to bottom a marked salinity
interface will not occur. ' The salinity content usually gfades‘contianusly
from the surface_fo the bottcm. When the tidalfcurréht ié very strong,
mixing of salt»and ffeéh.ﬁafér is iﬁtense5 pPOduéing:tﬁé fOufth'claSS of
estuary hav1ng no vertlcal salinity gradlents There still exists a
sallnlty gradlent 1nland and across the estuary due to the ebb and flow of
the tlde and the rotatlon of the earth. In‘shallow_estuarles where the B
‘ratio of widthﬂto depth is relatively small the_earfh’s.rotation willvnot'
affect the circulation'ofvwatér | | |

Exten51ve ﬁodlflcatlon of these three ba51c patterns results 1roﬁ
variations in the cbape and size of individual estuaries. | Such modlflcatlons‘.

are too numerouS’to list and dre outside the ccopp of this stu . Hence, it
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is important to keep in mindvthat, in'every estuary, conditions exist to
produce unique variations in the mixing -of salt and fresh water.

Salinity patterns have a tremendous.infiuence on the organisms using
estuaries. The most noticeable influehce of salinity gradients is on the
diétribUtionvof Sessile (fixed) and slow moVing ofganisms. But, according
:to McHugh - (1967) salihity gradients and_changes will also directly and
ihdirectlybaffect.estuarine nekton.

The‘distribution'of oysters in estuaries illustrates the effect of
salinity on one-organism.: Although the oyster is extfémély folerant to
salinity changes, its distribution in aﬁ estuary is indirectly confrolled'
by Salinity.v Upbay,diétribution is lﬁnited by the maximum flow of ffésh
Vriver,water and downbay the oyster'svdisfribution isvlimifed by predators
which exist only in high sélinifies.-

?atterns:of salinity and water mixing‘haye imporfant implications for
‘resoufce managementvwithin eStﬁabiés and their fresh water tributaries.
Alterafions in the fiow:Oflriver, for'exaﬁple, can affeét_thevintrusion-
Qf Salf water, and with it, prédatofs of éstuarine.fauna.‘ Cycliéal vafia—
 tions in fresh.watef-flow,often régulate_primafy-produétion'in estuaries.

- Thus, alterations in annﬁal fiow cycles can affect‘the'prqducfiyity of the
entire‘estuarian system. Migfatory populations such as juvenilérsalmon,
dependent upon an abundant éupply of food available When'tﬁe§ arrive in»

the estuary, can be seriously impaired if_producfivity.isvdéiayed or reduced
(Harger, 1971). Since patterns of.éélinity affect the rate of siltation‘in 
different parts of an estuary, changes in fresh water inflow can alter the

bottom sediment patterns and upset conditions for benthic organisms.
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Shape and Sizé of Estuaries: The éhape and size of estuaries determines,
fo a gréat extent,'modifications-in patterns of water movement, fresh and
salt water mixing, erosion, sedimentation,’and the kinds and distribution
of estuarine biota. The initial forms of_estuaries_are modifiéd by the
processes of efosion, transport, and sédimentation, There is é»éonstant
input of sediment iﬁto an estuary from land runoff. Currents and wave action
within»the estuary erode material'away fram shores. Ocean currents-erode
peninsulas.or‘headlands bordering estuaries and deposit much Qf thé,eroded
material at the seawérd end of the estuary (Pritcﬁard5 1967). River:sedi-
‘ment tends to fill the estuary and buiid.deltas into the sea. Gréen'(1968)
nofes, however, that where the tidal fange is great and ocean currents
strong, the formation of deltas may be prevented. |

Depositicy of sediment material in an estuary will occur at differ;
ent rates in different ﬁlaces depending updn thebpatterns of salinity and
growth of vegetation. ‘The salts in sea water cause‘fine'pérticles of
suspendéd matérial_to group, or flbcculate, and éeftle'moreAquicklyf VAiong‘
estuarine shores, deposition of ﬁateriai will Be encouraged by salt tolerént
plants that occupy and stébilize shore éreas. Over long periods of success-
ful plant oécupancy aﬁd the deposition:of‘materialiin shore aréas,.marsh
léndsiwill form and gradually build.into the estuary (Reid, 1961). High
tides and continous ane'actiqn Will-erode the marsh and carry organic
nutrients into. the éstuary.‘ In highlyvturbid‘estuéries marshes become a
major source of organic material. Turbidity reduces light penetration in
estuarine wéter and resfricts photosynthesis by submergéd or floating p1énf

‘organisms.
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Under natural conditions the processes of erosion and deposition will
reach a state of equilibrium. But, when embankments and sea walls are
~ built, less wave and current energy is avilable to transport materials
in suspension. The result is increased deposition of materials in the
estuary, often creating conditions inimical to estuarine plant life and
benthic organisms.

Gradations in the mixturevof sand, silt' and clay material depesited
- in an estuary influences the distribution of benthic organisms. Odum (1971)
notes that the infauna often respond sharply t6 grain size of the bottom
vvFllter feedlng fauna predominate in and on sandy substrate, wh11e~depos1t
~feeders are more eommon on silty or muddy substances. Alterations in the
pattern of deposition will impose stressful demands on populations of these
organisms to seek out areas with envirormental conditions suitable for theiw,

existence.

Tnermal Properties: Reid (19615 has stated that from a broad ecolo-
gical point of view the thermal properties of water and the conditions , |
associated with temperature are.unequivocally the most important factors
~in maintaining water as a life support system. ‘In estuaries, the temper-,’
ature regime is largely a function of depth tOgether_with the effects of
. vstreamninflow.and tidal exchange.' Stream water isrtypically eooler in winter.
and warmer in summer than the sea uater and therefore creates temperature
gradients that reuerse seasonally along the length of an estuary. Deep
estuarles will malntaln relatlvely constant bottom temperature w1th an
intermediate range of temperature and salinity in a halocline layer of

water between the surface low saline layer of water and the bottom salt
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wafer 1ayer. Shallow estﬁaries are susceptible to the warming and coolihg
effects of climatic conditions and to the thermal effects of pollution due
to the thorough mixing processes of water (Moore, 1958). Thus, they dis-
play aimost daily temperature variations.

- Kinne (1970) has listed three princiﬁal ways in which temperature
affects living systems. First, temperature "determines the rate and mode
éf chemicai.reactions and hence-of‘biolégical pfocesses; second, it affects
the physical state of ‘water as the basic life—supﬁoft ﬁedium in eStﬁéries,
and third,.it,modifies the basic properties of living matter." Consequently,
the abundance, productiQity and distribution of biota is influenced by
gradations and variations ‘in estuarine témperéture. Kinné further notes
that while variations in temperatufe are characteristic of estuaries fhe_
variability is constant. This provides a relatively permanenf variébility.
in estuaries to whiéh the biota are rather narrowly adapted. The ﬁajof
response mechanisms to pertubations in the constant variatibns of
tempéfature are escape and acclimation (Kinhe; 1970)}' Thé'range Qf escape, -
ﬁowever, is limited by organisms' mobility and tolerance to physical factors
whiéh vary'throughout the estuary. Acclimation iéua physiologicalrprocéssb
that takes piace over time and is éf only'limited aid to organisms exﬁdsed
to abrupt changes in temperature. As MCHugh (1967) has noted, sudden cpld
wavés or influxes of heat in esfuarine-waters can immpbilize or-kill estua-

rine nektonvat'femperatures‘not‘nonnally lefhal when.suffiéiént‘time is"
allowedlfor the nekton to acclimate. Thus, inrtefms of resburce analyéis;
two important parameters of temperature to éonsidef are thercénstancy of
vafiétion and the range of organisms' tolerance to differeht degrees‘of

change in the pattern of temperature variations.
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Physiological'responses of organisms and‘the dynanice of estuarine
populations are not controlled by a single envirommental factor such as
temperature. Many factors operate in combination to suﬁport or mcdify
the organisms'’ fesponses to changeerin any one or all the physical factors
in estuaries (Kinne, 1967). In resource ahalysis, therefore, en attempt
should be made to account for the effects of all environmental factors on

estuarine life,.

Oxygen_in'ﬁstuaries: Temperature and salinity variations play:an
important part in COntfolling the content of dissolved oxygen in estuarine
- water. The solubility of oxygen in water decreases as bcth temperature
and salinity increase..-Concomitantly, it takes less heat to raise the
- temperature of a given vclume of salt water_than it_does to raise the
temperature of the seme amount of.fresh.Water. Thus, one can visualize.
the gradations and'flﬁctuations in dissolved oxygen content that occur:
in estuaries receiving fresh cool water from river discharges et one end
aﬁd Qarm»mafine»water from_the ocean at the other eﬁd.A' o

Daily rates of photosynthesis and thetriee and fall of the tide pro-
duce1diurnal patterns of dissolved oxygen content in estuaries. Areated
ocean water;,ccntaining near the maXimum of dissolved oxygen, is carried
into estuaries and mixed with fresh water by tidal action. The influence'_
of the mixing of fresh and mafine water on the total content of disSolved
oxygen in an estuary at ahy_point in time is ﬁost meaﬁingful'when‘ccnsidered
in reletionship tc the flﬁshing time of individual estuaries. The'flushing a
time is the time it takes for an accumulated voluhe.of fresh weter, at a
given_insfant, tc.be remcved'from the estﬁary by"fiver»flow and tidal:actich :

(Pritchard, 1967). In a large drowned valley estuary the flushing time may
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be as long as a hundred tidal cycles, but only a couple of cycles in a
amall estuary (Green, 1968). |

In highly turbid estuaries,:diurnal changes in oxygen produced by
photosynthesis are not detectable. Suspended sediment from erosion or
pollution can act as a "light trap" to restrict photosynthesisiand the
productlon of oxygen.in the water (Harger, 1971). When this occurs in |
estuaries, the content of dissolved oxygen will depend largely on -contri-
butions from'the inflow of. fresh and marine water. Mixing of aereated
marine water with fresh water will depend upon many physical_factors
including river flow, tidal action, and the shape and size ofithe eStuary{
In areas receiving insufficient circulation of oxygen rich water substantial
oxygen deficiencies may occur rendering the area uninhabitable to most
fauna (McHugh, 1967). o

Structures in-estuaries such as bulkheads, Jjetties and breakwaters
that reduce the eneroy in current and wave action can be expected to
Arestrlct the c1rculatlon of aereated ocean water to variocus parts of the
estuary On the other hand these structures may promote increased rates
of sedlmentatlon thereby reduc1ng turbldlty and Drov1de a greater area
of clear surface water in which photosynthe51s mnay take-place.»If, however,
the rate of photosynthesis is not limited by turbidity andvis encouraged
by an abundant supply of nutrients and favorable temperature conditions,;
large Dhytoplankton blooms may frequentlv occur. VWhen these blooms die,
oxygen used in decomD051tlon deDletes the supply of dlssolved oxygen in

the estuary to levels lethal to flSh and other marine fauna
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The Chemical Environment of Estuaries: The éhemical composition,
quantitati&ely, of estuarine water results from the continuous mixing of
seawater with land-sourced water. Odum (1971) states that the high pro—
ductivity of estuaries is due to this continuous in@ut Of chemicals in
nutrient rich waters. Accordingly,Ahe descfibes‘the input process as an
energy subsidizing one. Onée iﬁ‘an estuary, inorgahic substahces may enter
intb any .one of many‘complex estuarine phases of biogeochemicai‘cycles.

For example, chemicals may become physically associated with silts and
microorganisms, react chemically with other elements and compounds or
enter the biochemical proééss of estuarine biota (Cronin, 1970)." |

'Biogéochemical cycles, in estuaries, are dominated Ey_pﬁysiCal pro-
cesses (tide, river flow, temperature, basin shape). ‘Man;s effect dn fhe
environment results largely from his actioné as an agent of physical éhangem
Because of this, ﬁan'svinfluencé on -estuarine processes, particularly fhe
distribution and productivity of estuarine bidta, is the conéequenge of his
indirecf impaCt on biogeochemical cycles. Additionally, since the estuary -
is the ultiméte'recipient of all changes along the_éontribufory watérways;
7‘the effect of these changes oﬁ estuaries can be cUmulative and multiplicétive_
over time ahd.épace."AsAah examplé, increasing the érganic waste load of-:
a rivér can‘inérease-the.biological oxygen demard (BOD) in éstuarine waters.
Bﬁt, the effects of BOD are moderafed by a process of flushing as'the'tidéi
rises and falls. Deéfeaéihg the inflow of.river_water, howeVer;vresults'
in reduced flushing, increased residéncy time of organic matter -and theréby
accumulation of waste and increased BOD.'.Singie actions such as,ihcreésing
organic wasté loads or deéreasihg’flushing action méy be insignificant ih‘

themselves, but taken together, they can compound the ultimate consequences
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with a loss in overall estuarine utility. Thus, in considering the effects
of human activities on estuaries, resource managers must becane fully aware
‘and appreciative of biophysical process, especially the dynamic nature of

these processes.

Estuarine Biota: The effect of all these physical factors‘is to make
estuaries nutrient rich, but highly stressfulvenvironments. Organisms that
do inhabit or utilize the estuary must have special abilities to adapt
to the variations that occur in the physical en&ironment of estuaries.
Kinne (1967) says that to exist under estuarine conditions orgsnisms must
be "euryplastic". They "must be able to endure e%treme ranges and.intensity
fluctuations of envirommental factors." Yet as Odum (19715 notes, even
though this harsh enviromment results in low biota diversity,ithe estuerine
environment is one of the most highly productive enyirOnments in the World.

'The only primary food produoing organisms in estuaries, as on the rest . |
.of'the‘earth, are plants. Through photosynthesis plants use nutrients and
carbon dioxide and water to manufacture'organic.material The majof producers
in most estuarinevwaters, in contrast to terrestrial env1ronments, are small
s1ngle celled plants called phytoplankton They are present in the_estuaries
in quantities of millions of organisms per liter of water and their productivity .
continues through the entire year.

Rooted plants and plants attached to the bottom by means of holdfast
structures also play_an 1mportant.role'as‘producers in many estuariesf “Gener-
"ally these plants are located in shellow water areas along:the margins of_
estuaries. The suhmerged plants trap snspenoed sediments and nutrients, pro-

vide protection to small nekton from predators, and release organic matter -
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~that becomes part of the detritus food chain.

Rooted plants along'the shores of estuaries and in estuarine marshes
provide large quantities of organic materlal to the detrltus food chain.
The rooted plants in marsh areas trap sediments tlow1ng through estuaries
and thereby become nutrient reservoirs for the estuary. The marsh areas
provide a rich habitat for many fish, shellfish, reptiles, birds.and'
marmals (Cronin, 1970). |

Zooplankton, in estuaries,include-copepods, the larvaevof almost ali
of the animals which live in estuaries plus those that utilize estuaries as
nursery grounds, ]ellyflsh and other drifting speC1es (Cronln, 1970).

These organlsms are secondary consumers that feed on phytoplankton or
browse on large-plants. Their abundance is greater in.estuarles than in
adjaoent marine waters, but displayS'highly variabie seasonal cycles

(Riley, 1967). The dlstrlbutlons of zooplankton have been noted to vary
| primarily with temperature and sallnlty gradlents. Riley (1967) notes
studles of the Delaware River Estuary where per51stent changes in species -
comp081tlon along the length of the estuary were easlly related to sallnlty-
.gradatlons.- In these studies the most abundant populatlons were found
in the‘middle reach of the estuary between the 5 and 18 ppt. sallnlty
levels. | | o |

Salinity appears to be one'of the major faotorsdinfluencing the
distribution. and composition of bentnlc organlsms in estuarles (Carrlker,
1967) Mlnlmum dlverslty is noted in the zones of steeDest gradatlon between
fresh and narine»water.x Laterally, the benthos are distributed the entire .

width of the estuary with individual species found on different mixtures
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of sand, silt, and clay sediments. _For exampie, the oyster is fbuhd near
the center of the estuary on firm sediment (Cronin, 1970). The distribu-
tion of detritus'feeders and filter feeders relative to bottomicomposition
mentioned earlier is another example.

Low salinity partsvof many éstuaries are regions éf high value to
fish. These regions receive fish eggs, larvae, and young from freshwater
Spawners; semi—énadrbmous and anadromous'fish, estuarine spawners and some
ocean spawners (Cronin, 1970): The Croaker, for instance, spawns ét‘the
entrance of the estuafy wheré young are transported uﬁbay by the movement

of deeper marine water to reach plankton rich, low saline water.

Productivity of Estuaries: The baiance that is achieved,between'the
biotic and abiotic components in estuaries results in a highly ?roductive
ecosystem; In surmary, Odum (197i) gives three basic reasons for this
high productivity. ‘First,-estuaries‘act as nutrient’traps in which nutrients
are constantly mainfained in a rapid cycling process. Benthic brgaﬁisms
prevent,ngtrienté from being 1ést.to marine sediﬁents and assist the entryi
- of nufrients into estuarine nutrieﬁt cycles;v Deep rooted planté,,burrow—v
ing animals; and microbial action.help'to recover nutrients from deep
estuarine sediments. Secondly, the producers in estuaries afé varied to..
such an extent that photosynthésis takes place continuously throughout the
- year., And, thirdly, the ebb and flow of the tide reﬁoves wastes and trahsj
ports nutrieﬁts‘so that orgaﬁisms may'utilizevléss enérgy'in‘searching_fdr_
food. The mixing action in estuaries brings food to. them. Iﬁ esgence,.many
important estuarine organisms live a felatively sessile or immobile exis-

tence.
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IMPLICATIONS FOR RESOURCE ANALYSIS

Ecological principles pertaining to population dynamics, community
energetics and community organization can be incorporated into three
basic procedural considerations in the analysis of coastal resources.
These three procedural considerations have been summarized by Foster
(1971) in the following way:
1. The relationship between ccmponents of the ecosystem
must be determined in order to utilize the resources
in such a manner as will not disrupt those relationships.
2. No change in a natural system is an isolated change,
"but rather has repercussions on all other constituents
in the system. Therefore, it is imperative to recognize
the factors which influence any specific system, and to
maintain those factors above some minimum level beyond
which the system stability is adversely affected.
3. The na'tural state of any renewable resource complex
at any point in time represents the optimal combination
-of biotic and abiotic constituents, providing the optimal
allocation of energy within the system and mlnlmlzlng the/
system 1nstablllty
These three considerations are important to resource analysis since
the natural characteristics of coastal resources are what make the 1iving-
resources valuable toc man. In other words, the primary utility man finds
‘fn the living resources of the coastal zone is the product of the function-
ing of the coastal ecosystems as they exist in a "natural" state. Since -
man modifies coastal ecosystems in attempts to crop or exploit both the =
natural biological and physical geologicalvattributes of the'éoastal ane;
the basic goal of resource managemer+ should be to retain the character-

istics of the coastal rescurce system as near their natural state as

poésible. The authors of the Natlonal Estuarine Pollution Study: (U.S.A.
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Department of Interior, 1970) recognized this in the statement:

The primary objective of technical management

is to achieve the best possible combination of
~uses to serve the needs of society while pro~

tecting, preserving and enhancing the biophysical

enviromment for the continuing benefit of

present and future generations.

The.goal to retain the natural characteristics of coastal ecosystems
as near their natural state as possible suggests that certain constraints
will have to be imposed on the way in which man may use coastal resources.
Moreover, given. present technological capabilities, this goal may imply
that the short run or present utility of coastal resources may be reduced
for potential users or limited to a select few users. Nevertheless, in
order to maintain the continucus biological and economic productivity of
coastal resources the limitations of the coastal ecosystem must be identi%
fied and incorporated into making decisions regarding the allocation of

uses to coastal areas.

ﬁgpitat Zonation

_ The marine, estuarine and terrestrial habitats of the coastal zone

and zonations within them, provide the>spatial orientation necessary_fof

-conductihg the above procedural considerations. The habitat approach faci-

litates the application of ecological concepts in resource planning which

must deal with finite units of space. Moreover, the use of habitats and.

 habitat zonations in the classification and analysis of coastal resources

- allows one to generalize the findings of the procedural considerationS’fd‘

other similar habitat areas. This is of practical significance to recon-

naisance level resource studies and conceptual planning because it allows
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one to plan the development of large geographical units that ultimately
affect the rénge of planning alternatives for specific sites.

The processes within the coastal habitats from which limitations
or constraints fo man's activities in coastal areas may be derived.are
as follows: | |

1. The transporf of nutrients and wastes by water drlven
by the forces of tide and graVLty

2. The transport of geological material by water driven
by the forces of tide and gravity.

3. The.procesSes of erosion, and deposition of geblogical
material along beaches and in estuarine waters.

4, The mixing of nutrients, fresh and saline water and
water of different temperatures in marine and estuarine
areas.

5. The trapping of nutrients in estuarine marsh areas.

6. The productivity of organic matter in marsh areas and
its introductionAinto'estuarine waters.

" 7. The processes of nutrient "outwelling" from productive
' estuarine areas to coastal marine waters.

8. The processes of upwelling of nutrients from the deep
parts of the ocean to coastal and inland areas by
water currents, fish, and birds.



CHAPTER THREE: ANALYSIS OF RESOURCES IN THE COASTAL ZONE

RESOURCE ANALYSIS

Analysis of resources to assess and display their capabilityito aup~
port land and water uses usually involves three operations: 1) resaurce
inventory and claSsification; 2) resource evaluation§ and, 3) land clas-
sification. Resoufce inventory and ciassificafion_is the process of identi-
fying resources and aereally subdividing the land into units possessing
similar biogeophysical_attributes’that,can'be systematically evaluated for
potential uses. Resource evaluation is. the process of evaluating the
resource classes to ascertain the capability of the resources to support
seleated uses. Land classification is the pracess of aggregating and
mapping classes of resources with similar Qse'capabilities into land classes
.which.can_be used in managing fesources under various instifutional arrange-
ments;-

The distinction is made between resource inventory and classification
and fesourée evaluation to facilitate an undérstanding‘of the‘processeé
in§olved ih resource analysis, to provide'flexibility in‘incdrpofating ‘
improved forms of information into the analysis, and fdimaintain the
resource classification as an informatién frameWork relatively.immune to
changes in thé evaluaiion Drocess. Christian (1957)“ndtes that.présent','
knowledge of land use probiems and what coﬁstitqtes the‘besf form of iand
usevchanges as more information is gained and as the economy changes. For

this reason, he states that it is desirable that the resource classification
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of a region be based on fundamental qualities of land and be independent :
of présent knowledge of land uses. Resource inventory and classification,
therefore, should be regarded as a separate operatinn within a framéwork
of resource analysis. ‘Hills (1961) makes thé same observation in noting
that since man's use of the land and its resources changes continuously
with cnanges in the condition of the'économy,'renewable resources must
be ciassified acccmding to the fundamental factors which affect biologinal
produptivity. Finally, it is important to make the conceptual‘distinction
between the three phases in resource analysis to provide a framework for
operationalizing institutional and interdisciplinary arréngements thét
are'necessary for carrying out a comprehensive program of resource analysis.
Several techniques of resource analysis.demonstrating significant
variations in the three operational phases outlined above have influenced
the.author's aﬁproach'to an analysis of coastal resources. Most applicahle
tovthis study are those techniqués devélobed by McHarg-(l969),'Hiils'(1961
~and 1970) and ‘the Canada Lénd Intentory (Canada Department of Regional
Economic Expansion, 1969);.-McHarg (1969) fecognizes that "ecological
determinism' is the‘basié for évéluating'natural resources. In his appfoach,f
MCHafg utiliées a personal understanding'of‘nature as a process, in brder
to determiné the best use for different reéonrées.. Sbﬁilarly,,HillS'(l961).v
apnroacn'to resource analyéis has.the pnderlying premise that land-uée .
planning which optimizes the use of resourcés is based on an analysis of thei
biologiéal‘productivity of'the'resources; Hills pointéiout that in the
context of man{s changing econcmic nnd social conditidn;uthe bidlogical

- productivity of resources is the most fundamental base for the management
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.,Of renewable resources. HlS work greatly influenced the format for the
Canada Land Inventory (CLI) Wthh is a naticnal program of resource analysis
w1th the objective to anentory and evaluate Canada s supply of land re-
sources. rThe technlque of resource analysis used in the CLI is based
primarily on the identification of resource characteristics which limit

the usefulness of resources for different:economic activities. Thus, it |
indicates broad levels of resource capabilitijith'subclaesesaindicating

the type of limitation.

Resource . Inventory and Classification

'Hills (1970) defines resource clasaification as a‘process of "fixiné—
to-begin" in which theiobjective is to SysfematiCally.subdivide land and
water resources of a given region into units suitable for describing and
evaluating their potentlal product1v1ty and for- plannlng the development
'7 and management of the resources Product1v1ty is defined by Hills as |

1) physiographic production in which earth‘products such as sand,'gravel

: and water are mlned 2) blologlcal production in. whlch biological produc*s

are cropped 3) artlfact Droductlon in Wthh man—made thlngs are produced

through art, manufacturlng and constructlon, and 4) societal productlon

whlch results from changes in the soc1al, 1ntellectual, polltlcal and
-religious life of a community. | | -
Since the‘relationénips between each type of production and the
biogeophysical attributes of the earth are compiex‘and vary with changes
in the mode of production, thevapproach and‘criteria-for_subdividingior,-

classifying resources must be explicit, otherwise a resource classification
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can be of little value to the evaluation.
Three approaches to defining and classifying resource characteristics_r

on the basis of prescribed sets of principles are discussed below.

The Genetic,Approach:'_In the genetic_approach, land is subdivided
into natural regions on'the.basis of ceusal'environmental factors, par—
ticularlv climate and ceomorphology (Mabbutt, 1968) The approach 1is
based on the concept that each part of the land surface is the end Droduct.
of an evolution governed by parent geological material, geomorphological |
processes past and present climates and time’ (Chrlstian 1957) Thus,
users of the aDDroach attempt to group resources according to the dominant
env1ronmental factors_determining the association and distribution of |
Tesources.

Most attempts to establish coastal resource‘claSSes‘on tne‘basis of
generic factors have not met with great success (Bird, 1964). -Advancements.
'in-theory regarding:the genesis of,coastal landformsvbrought_about by
continuons’regearch intovthe subject have tended to nuliify the usefulness
of most genetic classifications developed to date. Mabbutt (1968) notes.'
that, in general , genetically'determined resource classeS'orvregions are -
very"large,'ha&e Vaguely definediboundaries and iimiflresource‘analysis_
to making only broad and generai’statemenis about the'environmenfeiiconiext.
within.which resource attributes are found. ~In short, the breekdown of
genetically determined_regions‘cen only be accomplished to a-ievéi of‘the
genetic bond,wnicn does not provide sufficiently.small and-discrete resource

i

- classes for most evaluation purposes.
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On'fﬁe other hénd, the gehetic appfoach‘oannot be discounted entirely.
It is important to understand the wayAin which biégeophyéical factors
interact to produce resource characteristics important.to man. In this -
context then, ah understanding of +he genesis of particulaf resource attri-
butes is valuable in evaluating resources for a variety of purposes. Thus,
the premise that each part of tﬁe land surface is the end product of an‘
evolution governed by parent geoiogical material; geomorphological proces—
ses, past and present climates and time is of practical significange to
an appfoach to classification which felies heavily on interpreting the

characteristics of resources from recognizable landscape components.

 The Landséape Approach: In the:landscape épproach, a géographical |
-area is subdi?ided inio a hierarchy of land units on the basis of the occur-
rence of laﬁdscape compoﬁéhts_or cbmpohenf-péfterns recognized'frcm‘empiri-
cal investigations..‘Use of the approéchiis based on the premise that the
landscapé reflects the underlying biologiéal and‘physiological cbntrols_
géverning the assbciation and distribﬁtion of resoufce attributes_withiﬁ
a fegionv(Christian,_1957). ,Thrbugh interpretatioh techniques; the land-
scape céﬁponents ahd patterns can be analyzéd to'ideﬁtify reSoﬁfpe.attrié
butes whiéh can be generalized to other sﬁnilar'landséépe compénents; |

The landscape approach ié différent fram the genetic approaéh in that

the-concern.is.not with sﬁbdividing aféas-bn.the basis of géhetic pro¢ess
which produce ﬁarticular resburce characteristics but.ﬁifh reéogniziﬁg and
diffefentiating between areas having different sets of associated resQQrée
attributes (Mabbutt, 1968)._‘It‘is, howevef; usefui to undersfand thé

genesis of different landscape patterns in order to interpret landscape
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patterns to make predictions about their resource attributes.

Thé Parametric Approach: As user requirements for resources are
recognized as being more specific and critical in evaluating reséurces for
different uses, the landscape approach often becomes tco general and
inaccurate to be useful (Mabbutt, 1968). Then it is necessary to supple-
ment the landscape'approach with‘an épproéch based strictly on the direct
measurement of resource attributes relevant to the specific‘purpose of the
evaluation. Mabbutt (1968) defines the parametric approach as thev"divi—
sion and classifiéation of land on the basis éf selected attribute values."
Since these selecfed resource attributes are, in general, more closely
defined for é specific purpbse,‘the parametric appfoach represenfs a major
shift'away from the criteria outlined by Christian that the resource
inventory and classification should be indépéndént from the. present know-
ledge of landbuses, | |

The major problems in utilizing the parametric approach are:in
choosing resource attributes-to bé measured and in éstablishing.the degree
bf intérnal differentiation to be'made of attribute values. The»attributes
choéen for measurement in this approach, are relevant to the purpose'of
the evaluation. This could limit the usefulnesé bf'thevinventory for other
purposés and in the futuré.i'Sinceifesource_requifeménts for é partiéulaf
‘type of use vary with time and between different_geographical-situations |
it is risky to aSsume'the relevancy;'in one lOCAtion,’of‘attributes éhosen :
by inferenéé from other locations or to assume theif relevancy at a future
point‘in-time, Moreover, sinée»resource éharacteristics change because of

the effects of biogeorhysical processes and the influence of man, it is



unlikely that any attribute value will remain constant over the length of
a 20-30 year planning period. | | |

The parametrie epproach to resource classification may be iﬁappropriate
for planning at levels more generalized than site planning. As Mabbutt (1968)
notes, under'the‘parametric epproech the integrated concept of land gives
place to the expression ef aftributes in specific and limited terms selected
for their signlficance for a proposed land use. This suggests a defail. |
‘of investigatioﬁ and specificity not normally practicable in conceptual or
reconnaisance levels of resource analysis.

.Since the parametric approach does give more reliablerand precise data
about resources it can be expected to replece the genetic and landseape
approachesrin many "fine grelhed”.plahning situations. However, the para-
metrie approach is notvsuitable for genefal survey level resource classi-
fication. Untilbecological models‘become morevreadily availeble for plan-
ning, use of the parametric approach in planning will have to be supplemented
ewith a classifica{ion-system that will provide the_eeolegical context for

making resource evaluations.

" Resource Evaluation

Resource evaluations generally'aim to identify'the'besi land areas for
" different land or resource uses. The methods of evaluati0n~are described -
by Stelnltz (1970) as hav1ng 1ncreaslng levels of CQleeX1tV, spec1flclty
and usefulness in resource Dlannlng HlS five methodoloclcal categorles,
in order of 1ncrea51ng complexlty, are,llsted below:_

A Descrlmtlve .
- (B) Static, Slngle—factor analJ51s
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«©) Static;vMulti-factor analysis
(D) Dynamic, Single-sector models
(E) Dynamic, Multiple-sector models
The descriptive.methods are basically inventories of resoufces_des-
cribed nominally with the intent that there will eventually be an evaluation
of the resources for'different uses. In the static single-factor ahalysis;
land areas are,eQaluated forvprospective'uses on the basis of a Singie
resource or resource_characteristic, Static multi-faeter analysis methods
are hore usefui in that they consider a larger number of resources as
variables in the analysis. The drawback of‘the stetic methods is that
they de not consider changes ih resourees that oecuf ﬁaturally over time
br because of the influence of man. However, the statie methods ao Dro-
vide a quickeoverview of resource capabilities and help’tO'pinpoinf areas
requlrlng more detalled and 1nten51ve analy51s
Dynamlc types of evaluation have basically the same objective as the
static methods namely to identify the best areas for dlfferent land or
resource uses. But, in these methods a questlon su;ted,to computere51mula—
tien is asked, such as, "What happens if e.certain use of a resource.is
pernﬁtted'to occur?" Within the context of this_éuestion, the dynamic
methods attem?t to predict the consequences ef a'use on the resource. Then,
the alternative uses or courses of action can be measured and_cqmpared in
ia general plann1n5 model (Lowry, Ira, 1965)
| Steinitz (1970) stresses that in evaluatlng resources it is 1mDortant
that the dlstlnctlon between "should" and "oould" be made in 1nterpret1nc
the results for normative purposes. Hills' (1970) three types of evaluatlons;

-

capability, suitability and feasibility, are useful for accomplishing this.
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Capability measures are used to indicate '"the potential of an area té
produce goods and services of.various kinds undervspecified types and in-
tensities of economic and technological controls" (Hills, 1970). Two cri-
teriavused to establish capability measures are the ievel of production
of a specific crop and secondly, the kinds and degrees of limitations-which
prevent a specific area from reaching the maximum productivity established
for the larger-fegion. |
Use -suitability ratings indicate "the relative ability of a specific

‘area in its present condition to produce specific goods ahd services" (Hills,
1970). Thus, it is a measure of the technologiqal effort required to bring
a specified site to a desired level of prbduction.

- The third type of evaluation, use feasibility, is conducted to'meaéure
or indicate "the relative advantage of using a specific area of land for a

specific type and intensity of use" (Hills, 1970).

land Classification

Using.ratings similar to Hills' resource capébility,vsuitability; and
feasibility measures;'land should be claséified according to the use or -
' combination of ﬁses that are best suited for the area under study. Hills
(1970) accomplishes this in fwo phaéés of:his evaluation pfocess——thé
recommended-use phase and the use;programming»phase. Recommendediuses are
designated for land areas on the baéis of resource capability,'suitability
énd feasibility ratings. Use-programming involves'the tiﬁﬁng.or‘phasing,of
resourcééfinto different uses according to changes in social and economic

i

factors:which determine the demand for a resource use.



56

In the resource evaluatiéﬂ method developed by MéHarg (1969), land
‘classification for recommended uses is achieved through the synthesis
of two evaluation processés. First the intrinsic values of resources
for different uses are established on a scale of most suitable to.least
suitéble. These values-are mapped on transparent material for each
proépective use and then superimposed in order to show the area of occurr-
ence of different resource values. Since the résources aré valued . for
human use, this composite of maps shows areas of greatest and least social
values. Prom_an analysisiof the compatibility of uses,,compatible'ahd
coexistent land uses for each area in the total study area are mapped
in compatible'associationé.' Through a'synthesis of the two méps; (the
camposite map and the map of éompatible association land uses), a suita-
bility map shbwing the maximum conjunction of coexisting compéfible land
uses that can be sﬁstained by every area in the total study area is
'.produced (Belknap and Fuftado, 1967).

The programm1ng of land uses 15 achleved in. McHarg's method 1n the
matching of the land—use sultablllty maps (a measure of resource supply)
w1th an economic evaluatlon of the nature locational and spatlal requlre—

ments of . demand (Belknap and Purtado, 1967).

A CLASSIFICATION AND EVALUATIQN SCHEME FOR COASTAL RESOURCES

* Resource Inventory and Classification

The resource classification used in this study combines the genetic, .
landscape  and ‘parametric approaches,> On the basis of 1andscape patterns

and selected user specific rescurce characteristics, a coastal area is
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divided into-a hierarchy of resource areas. An understanding of the
genesis of the landscape features and specific resource characteristics
enables interpretation of:landscapeipatterns in order to make predictions
‘babouf their attributes and interrelations.

A resourcé inventory and classification scheme can be of little value
to an evaluation of resourcés_for_éifferent uses if the criteria for
classification are Vague and do not specify the bases fér selecting and,
classifying reéourcés. Thus, an attempt has been made in the inventory

and classification scheme to meet two criteria:

1. The classification must express those biogeophysical
attributes relevant to the uses for whlch the
evaluation 1s to be made.

2. The classification divisions must represent or
express biological and geophysical inter-
relationships that ex1st between geographlcally
distinct areas because of:

(a) the migratory nature of the blota of the sea,
(b) the capacity of water to transport biotic
and abiotic components,
(¢) the interpenetration of land by water pro-
- viding access between the sea and land to
man and other organisms, and
(d) biogeochemical cycles.

Coastal Belts

»bne of the‘main purposes bf fhis study is to provide a way fo considerj_
the biotic productivity of résoﬁrces in plahning.. Because of this, coastal
beifs, based on the designation Qf céasfél habitats, are estabiished.as _
the first step in classifying coastal areas. 'Incorporating tﬁe concept
of,habitéts into the classification allows considerations to be‘made‘of the

relationships between geophysical factors and the living biotic constituents
r < & J/ - i . - . A .
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of coastal areas. Since a habitat is defined in terms of the bio-geophysical
factors‘which affect'organisms5hthe concept aids in evaluating.areas for
their suitability'for different types of biological productivityband in
making limited predictions about the potential effects coastal changes'will
have on biotic communities. o

-The designation of three coastal belts is based on the delimitation

of terrestrial, estuarine.and-marine habitats. The coastal marine belt

includes only the subtidal'portion of the'neritic‘Zone as defined in Chapter

.two._ The’estuary—shore belt inclides the estuarine habitat and the inter-
-~ tidal and backshore Dortion‘of the'neritic zone. The estuary—shore beit
is composed of. terrestrlal estuarlne and marine habltats because of the
close blologlcal and phy51oloclcal relationship between the habltats in
this area and also to prov1de a geographlcal“/ unlfled area along the coast

for the purposes of evaluation. The third belt is the terrestrial belt.

Unfortunately, the 1nland boundary of .the terrestrial belt‘is‘the:most arbi—
_trary boundary to establish w1th1n the coastal belts. There are no bio-
geophysical parameters that are ea51ly recognlzed and-useful as crlterla
© for prec1sely defining the Lerrestrlal_belt_for all situations. -
>To.establish oyerridingvcriteria'for defining the‘terrestriaigbelt,
the definition given by’Schaefer'(l969) is.most usefui. Namely, the
coastal terrestrial area should include those terrestrlal act1v1t1es that
are oriented to the marine env1ronmcnt and 11fe processes 1nIluenced by the
sea. Schaefer stated that an area extendlng about 2 or 3 mlles inland from:
the sea would.satisfy thisvdefinition in_most areas. |
Since this definition is based on terrestrial and.marine'activities, it

-is helpful to consider ccastal activities of man in the way that they affect
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the marine environment or are affected by marine processes. Schaefer pro-

vides the following classification:

I. Direct uses of living resources
a. Extractive use for food and other marine products
(i.e. commercial fisheries and aguaculture).
b. Extractive use for recreation (sport fishing
and hunting). :
c. Non-extractive uses; observation for recreation,
. observation for science and education.

II. Other uses of the coastal zone that importantly depend
on the biota. :
a. Waste dlsposal—blodegradable wastes.
b. Biological ewtractlon of inorganic materials

IIT. Human activities that incidentally affect, or are
~affected by, the bhiota.
a. Uses of marginal lands

1. Solid waste disposal and sanltary fill
. 2. Building sites

3. Airports :

4. Harbor construction _ :

5. Modification of shoreline for recreatlon

6. Beach erosion and maintenance.
. Waste dlsposal—nonblodegradable wastes,
. Ocean.shipping : -
Other forms of transportatlon (plpellnes, etc.)
. Power genewatlon
. Ocean mining

1. Hard minerals and constructlon.materlals

2. Petroleun and natural gas '
. Shoreside recreatlon (chnlcklng, sw1mm1nc, surf;ng, etc )
. Communications :
. Military defense

FhO QL0 T

e o'0Q

" The Coastal Categories

In addition to the coastal belts designated on the basis of major
coastal habitats, it is useful to divide the coast into a hiérérchy of
. biogeophysical units on ‘the basis of an examination of climate, geology,
landform, hydrology, soils, vegetation and wildlife. A,classification based

_—

on a consideration of these factors aids in explaining th differences that
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“exist between and within coastal areas. In éddition, the biogeoﬁhysical
classification defines geographical units of associated resources which
~can be the focal point for management policies.

To define biogeophysical classes of the coastal»zoné,‘a combination
of genetic, landécape and parametric approaches are Qsed. Each coastal
class is defined primarily on the basis of climate, landscape patterns,
aiscrete landscape featurés,band biogeophysical characteristics signifi-
cant to the purpose of’fhe evaluation. Broader resource aspects, suéh as
landscape pattefns are used to define the larger classes, while resource
characteriétics specific to the uses being evaluated are used to define the
finest level of.coastal éiass. -The definitién of each coastal class is
given below with suggested criteria for establishing and characterizing

the class in a geographical'afea.

The Coastal Region: Coastal regions. are &efined as the océurrence
of major coastal landforms in association with_bioclimatic communities
along the coast. MCGill's.(l958) map of coastal landforms of the world,
based in part on both genetic and descriptive factors, is an excéllent ‘
guide to identifying different landforms in an area. MCGill's‘map is
-~ used primarily at the coastal regiOﬁ level because hé has modified it to
include nearly all landform features that can be observed emblrlcally,

- such as delta coasts; fiord CudStS, plaln coasts and mountalnoas coasts
Krajlna s (1965) dellmltatlon of bioclimatic zones is used to 1dent1fy
climatic climax commnities a55001ated w1th regional landforms in the
Pacific Northwest. The fiord-skerry coast of British CQlumbia and the .

southern panhandle of Alaska are for example asscciated pflaar' 1y with
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Krajina's coastal western hemlock bioclimatic zone. Other factors such
as distinct differences in the width of the continental shelf, major
world ocean currents, world climatic patterns, and tidal action can also

be used to describe and differentiate coastal regibns.

The Coastal Subregion: The coastal Subrégion is at a level of
generality comparable to Lacate's (1969) land district which he defines
as an area of land characterized by a distinctive pattern of rélief,
geology, geomorphology and aésociated vegetation. The cOastéi subregion
is a subdivision Ofnthébéoaétal'region based on the separation of major
physiographic and geolbgic patterns which characterize the region as a
wholé. For example, groupé of commoﬂ land-water forms are the basis fbr
identifying the coastal subregions Within a coastal region. HOwever,:
because some distinct features extend over great distaﬁces by themse;ves,
such as a smooth shoreline; not all coastal subregions need ACtually be
groups of landform features. Given below.is an 0ut1ine of landfbfms
that cccur in groups or singiy which éan be used to charaptérize;coastal-
- subregions within the.doastal region. Définitions.and examples of‘tﬁeée
coastai features follow below. | | ‘

. Smooth CIliff shoreline

1
2. Smooth shoreline without cliffs
3. Indented shorellne (1nlets and embayments)

a. Fiords
b. Rias - »
c. Embayments

d. Lagoon coast
e. Fiord skerry coast

The smooth and indented shorélines are shown in Figure 3. Thevgenesis '

of. cllfred coasts va “105 +hrCLghout the world (McGlll 1959) Inithe‘ o
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1. Smooth Shoreline Without Inlets

2. Smooth Shoreline With Inlets

3. Smooth Shoreline with Small Embaymenté

4, Indented Shoreline Without Islands

5. Indented Shoreline With Islands

MORPHOLOGICAL CLASSIFICATION OF COASTLINES = - -

Source: - U.S.A. Department of Interior 1870 Figure 3.
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Pacific Northwest we are familiar with the predominantly cliffed shores
of Pugef Sound and the cliffs of.fhe British Columbia Fiord Skerry coast
resulting from the drowning of glacier gouged valleys by the sea.

A distinction betwéen cliffs can be made on the basis of whéther
or not an intertidal platform exists at the base of the cliff. Cliffed
coasts consisting of nonresistant geological material may be eroded iargeiy
by marine forces, althoﬁgh land run-off also contributes‘to the erosion
fpfocess.' As'the land mass is abraded, arﬁedge of material is removed
leaving a gently sloping intertidal platfofm of Qarioué shapes at the
bottom of the steep cliff. The eroded material may accumulate on the
platform as a beach or be washed élong shore or out to sea. Cliffs
composed- of more resistanf geological material resiét erosion andvthérefOre
do not form intertidal platforms. These cliffs are characférized as_plungipg _
cliffs (Bird, 1968). | |

Rias are branéhed inlets of parfially submerged rivefvvalleys_occur—
ring in coastal lowlands.- On the ofher:hand, fiords are inlets at the-
v.mouths.of'glaciated valleys on steep coasts. The valleys scoured outlby
ice action have‘béen subsequently submerged by the séa as_thé‘ice meltedw‘
At the mouth of fiords théré‘is usﬁaily a.bottom férmation éailed a sill
whiéh ié a focky feature or glaciai moraine that extends across the mouth
of the fiord as a shallow threéﬁold;' A'fiord‘skerry’cdést is a fiord |
coast characterized by a series of offshore islands which affect ocean
cﬁrrents,.and climatic conditions within the fiord. Bfitish'Columbia'é
coaSt'ié an excellent.éxémple.of this tYpe of coaét. Most fiqrds are
fed by rivers which sometimés have large enough discharges to create

estuarine conditions throughout_thévfiord.‘.:
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Kinne (1970) defines an embayment as all bodies of water;separafedi
from the:open ocean by scme physiographic feature but not posseSsihg
estuarine conditions. Two,criteria which help td define embayments are’

1) it receives a limited local land drainage; and, 2) the hydrographic
characteristics and biota are dominated by oceanic regimes. The‘basis
for distinguishing fiords from embayments is that a fiord is the ﬁroduct
of glacial action and posseses a "sill" at its entrance to the sea.

Lagoons are embayed areas or iﬁlets of the coast pértially or
campletely enclosed by depositional barriers. The basic characteristici
of a lagoon 1s the existence ofva fresh water zone at the.poiht of river
diséharge or'land‘drainage, a marine tidal zone near the entrance to the
sea.ahd a transition zone of moderately saline‘watef between the fresh
and salt water zones (Bird, 1968). The entrance to lagbéns is maintaiﬁed
by river flow or tidal action. The size of the entrance is usually in
a constant state of flux as tidal aétion ana river flow increase and subside
either encouraging deposition. of materialvat the entrancé.br eroding material

away from the entrance.

The Coastal Component: The‘coastal compdﬁentfis coﬁposed of the
discrete land features and water properties within the_coaétal‘subregion.
For'example, an indented fiord type of cOést.cduld be subdivided‘geographif

ZCAlly on: the basis ofveach fiord:or pérhaps on the existence of distinctively .'
different regidns éfnwater hixingvahd water pro?erties. Thus, coaétal
camponents can be charaéterized onlthe bésis of the occurrenéeiof major o
morphologic features in association with distinct marine water properties

and climate conditions identified empirically. The morpholegical features
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which characterize a coastal compcnent énd'differehtiate areas within.

coastal subregions are given below:

1. Smooth cliff shoreline
a. Cliffs with an inter-tidal platform
b. Cliffs with shore platform at about high tide
~c. Cliffs with a shore platform at low tide
d. Plunging cliffs with no shore platform

2. Smooth shoreline .
a. Characterized by adjacent land features
1) Dune ridges and old stabilized backdunes
- 2) Coastal marsh
3) Beach composition

3.. Indented shoreline

Fiords with intermittant coastal dralnage

Fiords with continuous river in~flow

Embayments without coastal drainage .

. Embayments with intermittant local coastal drainage
Rias

Lagoons with 1nternnitant coastal drainage

Lagoons with continuous river in-flow

.

@O A0 TN

Coastal Sub—componentS' Each coastai component 1s composed of .
physiographic sub-components that are recognlzable and measurable featufeS»
of the coastal component.‘-The sub—components which oharacterize"thé
coastal componeﬁf explaih differences between and within_coastal:units
’tﬁat_affect.the biological and artifact_prodoctivity of the coastai unit.’
Some cf the more common charaoterizing features‘of éub—components:are
listed below. Measurable or desoriotive aftributes are also indicétéd‘4
: whlch can be uéed to define the flnest coastal categorles —coastal phases
1. Cllffs , |

Mineral composition
' Degree of consolidation

Slope
Height

Ao o
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Beaches
a. Profile of backshore area and foreshove area-
b. Material particle size within backshore and foreshore areas

1) Cobbles
" 2) Pebbles
3) Granules

4) Very coarse sand
5) Coarse sand
6) Medium sand
7) Fine sand
8) Very fine sand.
9) Siit
10) Clay (Bird, 1968 - Wentworth Scale)

Spits: ”Dep051tlona_ features built along the shore, usually
ending in one or more landward hooks or recufves” (Blra 1968).
a. Shape ‘

1)  Recurved : v

2) Tombolos: spits linking an island to the mainland -

3) Cuspate spits: occur at points of convergence of

longshore'drift thus building sediment from two directions

-and creating a triangular shaDed splt D01nted seaward
b. Retrograding :
c. Prograding

Barriers: Strips of narrow offshore land composed entirely of
beach sediment and having no dunies or associated marshes
a. Beach material composition

b. Retrograding

c. Prograding -

.Salt.marshes
. a. Channelized

1) Having one main channel '
2) Having distributory channels

b. Retrograding

c. Prograding

~d. In equilibrium

Marine and estuarian water bodies
a. Depth at high and low tides
b. Bottom sediment composition

1) Gravel .-
' 2) Sand
3) Mud

c. Mixing of salt and fresh water
1) Stratlfled
2) Entrainment
3) Partially mixed
“4) Homogeneous
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d. Salinity- Venice System (Reid, 1961)
1) Hyper-saline--salinity greater than quDt
.2) ‘Fuhaline--LOppt & 30ppt
3) Mixohaline--30ppt to 20ppt
4) Mixopolyhaline--30ppt to 18ppt
5) Mixo-oligohaline--5ppt to Sth
6) Limietic--.5ppt
3. Other marine and estuarine water properties that display
spatially dlfferentlated values.

The Coastal Phase: The definition of the coastal phase'follGWS'
Hills' (1961) definition of the physiographic site phase. The coastal
phase is determined on the basis of one or more physiographic factors
relevant to the purpose of the evaluation. Thus, fhe coastal phase is
established from a parametric approach to classification rather than from
a landscape or'genetic approach. The coastal phase represents a data
_category given a geographic reference. Because of its specificity, it

is given an ecological frame of reference by its position in the classi-

fication scheme.

Resource Evaluation

Since the objectlve of thls study is to evaluate the coastal zone of 
Whatcom Coupty, Washlncton, as a resource complex for four apec1flc uses--
Residential uses (recreation cottages and permanent homes), Materfront_
Industrial Useé,_stter Raft Cultufe and Public Outdoor RecreationkUses—~
the analysis:includes both the descriptive and static meiti—feetor methods
ef eValuatibn,  The evaluation establishes cépability.ratings fOPlthe
different uses on the basis of biogeophysical fectofe which attraet of'-e
limit the use of a resoufee. Attractive factors are thoee characteristics

of climate, geology, landform, h\erology, 30115, vegetation and w11dl¢ne
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which are identified as important or beneficial for each of the uses.
Limiting characteristics in each of the resource categories afe those
characteristics thch are detrimental to the proposed uses or which v
cannot absorb the imnact of the users' activities. An assessment is made
of the potential impact the proposed uses may nave on the resource system
and thereby on other resource users. An environmental impact matrix
(Table 2) is used to display the potential for adverse impacts to occur.d

‘ The matrix was also constructed'to aid in the analysis of conflicts
associated with alternative patterns.of resource use. The matrix-does
not provide direct evidence of envirommental impact within'the'study area
or‘actually predict the occurrence of environmental impacts. It only |
indicates the relative potential of adVerse envirommental impacts tc'occur
and result in use conflicts by reference to situatione of a similaf‘char—_.
acter'and'through an-understanding.of the coastai ecosystem as cutlined_
in Chapter two. For additional information concerning tnese othef'éitua—'
tions see Screneon (1971) United States Department of Interior (1970)
‘Harrison (1971), and Olson (1971)

_Table 3 indicates,the-relative‘value, ranging from eXcellent to

~ poor, of the resource characteristics identified as ﬁnﬁortant»in evaluation
of 1and and water for the selected uees;“Using»this table, it is possible
to assign a relative weight to each user resource tequirement indicating |
the degree biogeophysicalllﬁnitaticns affect specified usee} The result
is an array‘of user specific resource values in each coastal component. To
establish use—capability'ratings‘for the coastal comDonents thebarray of
resource values for each use 1is consolidated into a value fram one to 51x

<The value of 1 indicates high 1'“esour*ce use—caDability and +he value of 6



69

USES

| RESIDEN-
TIAL

OYSTER
CULTURE

WATERFRONT
INDUSTRIES

OUTDOCR
RECREATTION

RESOURCE

REQUIREMENTS

USES AND
ASSOCIATED

ACTIVITIES

Salinity
| Water Quality

Water Temperature

Water Mixing

Amount of Intertidal Area
Depth for Rafts

Access
Protection from Waves

Water Circulation
Water Depth
Water Access

Consistency of Bottom
sSpace

Protection from Waves
Absence of predators
Freshwater Quality

Beach Composition
Outward View

Vegetation
Seawater Quality

RBeach Access

Freshwater Quality
Freshwater Quality

Vegetation

Saltwater Quality

Beach Composition
Beach Access

M rtvane VA e

OYSTER CULTIURE

Structures

>

Diking

X<

>

ool %

Bottom Preparation

Waste Disposal

X

<

RESIDENTTAL

Structures

Transportation Facilities

X

Clearing

Irrigation

X<

Groundwater Withdrawal

Drainage Improvements

>

el e el

land Leveling

I B

Bulkheading

X

XX

Diking

Sewage Disposal

XX PXIX

WATERFRONT INMDUSTRIES

Structures

Transportation Facilities

<
N
v

Clearing

<
bl e it

Water impoundments

el e

Groundwater withdrawal

Drainage

X< <

Leveling

Bl el b B

<[ e [ [ o [

X< PP X

Bulkheading

X

AY
X

Diking

X

Dredging

e Bl e

| |5

o il M

ped

Waste Disposai

>

> <

DX

el ol sl ol o Pall Saell el 5o el foce

el s e

OUTDOOR RECREATION

Structures

X

Camp Ground Facilities

<

Clearing

Waste Disposal

Transportation Facilities

X<

R e

X

Water Withdrawals

XK

Key:

Table 2:

Envirommental Impact Matrix

have an adverse impact on the resource requirements of other uses.:

"X" indicates that a possibility exists for uses and associated activities to.
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TMPORTANT
RESOURCE
CHARACTERISTICS

WATER
CIRCULA-
TTON
WATER
QUALITY
WIND
WAVES

SOILS =
BEACH
MATERTAL
SLOPE
WATER |
DEPTH
SURFACE

EXPOSURE

COASTAL
RESOURCE
USER . ‘

REQUIREMENTS \\\

N

(32°F-140°F)
(40°F-60°F)

Sheltered

Salinity(30ppt-40ppt)
Temp.

Slow Permeability
‘Poorly Drained
Salinity(5Sppt-30ppt)-
Salinity(Oppt-5ppt)
Low Dissolved Oxygen
High Coliform Count

;Nd Sﬁélféf!“'""

SQUth;V

Vigorous Mixing
West

Toward Shore
Away from Shore

" Soft
Gravelly
Cobbles
Shingle
Sand

Muad
AQ—GOO
7-12
13-15°
15%%+
30+

" 16'-29!
6'-15"
0'45'

No Mixing
Temp.

North
Fast.

OYSTER CULTURE .

. //'

Oyster Growth

o
w
O
o
'®)
£
o)
o
T
o
oo
S
>
w)
@]
o
w
oS

x>
=

Rafts T T A EDID

Bottom Consistency i DIB{B|C|-

- Predators , } T : : C A.A
Beach Area ’ DIDICIA] ¢

Access ' i K ‘Al B|C]DIATAIA|D -} .« 
RESIDENTIAL: ‘ . A S

Wind Shelter 1] %
Sun Shelter ‘

==
()

.. 1 H
el (Y0

O

vs]
=,
U3
=
o
=
oo
O]
oJ
o
=

Vegetation Cover

Viewing _ o

Foundation and Drain. DIBIDID

Freshwater

O
=
-
)
Pl o]
w
> = fe;
W)
> .
ol
)
O x>
o} O

Beaches

Flood Protection T T T — T —— 5
Auto Access . ' . - -+

=
=)
)
)
=
jve;
=
o
J
>
g
os/

Waste Disposal T A

WATERFRONT INDUSTRIES: A 1

Navigation Facilities . fATAAIC L FAPBIDID i

Bullding structures iD

=l
oo

Waste Disposal

O
v
o

Auto access

OUTDOOR RECREATION:

Campsites '

Recreation area

RO O
vl Ruvi K@)
Ol o]
w] L] L wo]
0 > o
Ol =l
lwliglle]
]
o
o _
o=
ve

Auto access

IE2ES RS R ES I ES

=)
@)
o
O
)
x>
ws]

Freshwater

Protection from wind ' : . § AlC

Viewing

Beaches DIBIAD - AAAS

Table 3: RESOURCE CHARACTERISTICS LIMITING USES
DEGREES QOF LIMITATION

A-Slight limitation % At mean lower low
B-Moderate limitation . tide
C-Strong limitation Blank—NQ 1nterdependepce _ %% See references 1,
D-Severe limitation v ' : ‘ .2, 52

s
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indicates very poor resource capability with intermediate values indicating

the relative degree of capability between these two values.



CHAPTER FOUR: THE BIOGEOPEYSICAL CHARACTERISTICS OF THE WHATCOM
' COUNTY COAST '

RESOURCE INVENTORY AND CLASSIFICATION

Analysis of the biogeophysical characteristics in the study area’ ’
follows the sequence outlined in Table 4. The outline-is designed_to aid
in considering the deterministie nature of geophysical and-biological pro-

cesses.

Location of the Study Area

As ehown on Map 1; the Whatcom'County coast occﬁpies the_nonthern poré
tion of.Washington's shoreline on theveaet side of-Southeast Georgia Strait;
between‘latitude_u8o 40" -and ugO'Of and longitude 122° 0! and-1239 5'.

_ The etudy:area falls within a physiographic region described as the-
.Puget—Wiilanette Trough (Pacific Northwest River Basins Commieéion (PNRB)F
| 970), a relatlvely flat lowland area lylng between the Cascade and Olymplc
MbLntaln Ranges.: The length of the trough extends from the Fraser Rlver
on the north in British Columbia to the Klamath Mountains in southwestern»
Oregon. . The troudh is'separated into a northern and sonthern poftion by
' the lelde between the Cowlitz and Chehalls River ba51ns ]ust south of the
southern end of Puget Sound. The northenn section w1ll be referred to

as the Puget'Sound Lowlard.

Temperature and Painfall

'As demonstrated .in Table 5, the study area falls'within-the Pacific
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Invéntory Elements For Coastal Resource Analysis

Major
Inventory Element

Significant
Aspects

Major Inventory
Element

Significant
Aspects

I. Climate 1. Bioclimatic Zones IX. Marine Vegetztion
2. Temperature 1. Eel Grasses
3. Precipitation 2. Shore Vege-
4. Exposure to sun tation
5. Wind directions X. Wildlife Distri- 1. ‘Salmon
ITI. Freshwater 1. Flows ‘ bution, Numbers, 2. Herring
Hydrology 2. Temperature and Productivity 3. Clams
3. Dissolved Oxygen. : 4. Oysters
4. Suspended Sediment 5. Oyster
5. Acquifers Drills
6. Acguifer Recharge 6. Waterfowl
Areas XI. Land Use 1. Agriculture
7. Coliform Count 2. Rural non-
8. Other Quality farm
Meas. 3. Resgidential--
ITI. Marine 1. Current patterns Recreation
Hydrology 2. Depth Cottages
3. Sedimentation Permanent
patterns - Homes
4. Temperature 4. Recreation--
5. Salinity Intensive
6. Turbidity Extensive
IV. Geology 1. Morphology 5. Commercial
2. Topography - Agquaculture
3. Slope _ 6. Industrial
4, Mineral Composition 7. Navigation
V. Soils 1. Parent Material and other
2. Silts--Distribution Transportatior
3. Loams--Distribution 8, Shoreline
4, Sands--Distribution - Structures--
: 5. Gravels--Distribution bulkheads,
VI. Beach 1. Silt and Mud dikes, jetties
Material 2. Sand causeways,
' -+ 3. Shingle docks, etc.
4, Cobbles XII. Ownership 1. Public
5. Boulders ‘ 2. Private
VII. Marine 1. Mud 3. large Private
Bottom 2. Sard 1
_ 3. Cobbles and Boulders
VIII. Vegetation 1. Climax Comunity
w 2. Typical Ground Cover
3. Agricultural Crops
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* Temperature °F

Zone Region Annual Total Annual Total Number of Altitude Climatic
Clﬁnaxl Climate . Mean Mean monthly Precipitation  Snowfall frost free Climax

Type -~ Annual Jan. July (inches) days Association

Coastal Pacific Coast
Western Meso-= . _ , : ‘ :
Hemlock thermal 4l-49 24-41  55-64 70-262 5-295 150~250 0-3000 Douglas
. : _ _ fip——
Western
Hemlock

Study - Pacific Coast

Areaz. Meso- o . o
: thermal 50.2 37 62,8 35-75 9.7-18.2 170 ~ 0-3000 Douglas
R ' : ' : average fir-—-
annual Western
‘ ' Hemlock

TABLE 5: COMPARISON OF CHARACTERISTICS OF COASTAL WESTERN HEMLOCK ZONE TO
CHARACTERISTICS OF WHATCOM COUNTY

1 Source: Karjina, 1965.

2 Source: 'Phillips, 1966.

SL
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coastal mesothanmai'forest region as défined by Krajina (1965). The cli-
mate of the study area is greatly influenced by its proximity to the Pacific
Ocean. Most of the air masses‘which reachbthe‘area have tﬁeir source regions
over the Pacific Ocean. Air from these regions effectively moderates both
the summer and winter climatic conditions in the study area (Phillips, 1966).
| A prevailing westerly and northwestefly flow of air into the>region
- causes a dry séaéon'to begin‘in May and continue through the sumer. Begin-
ning in‘Qctobar, a pfevailing southwesterly and westerly flow of.air Dro-
duces a Qet seasoﬁ that reaches a peak in mid—Winter and decreases in spring
(éhillips,.1966).' Most precipitation inAthe Puget Lowland falis»as rain.
Anmual prec1p1tatlon in the study area ranges approxunat@lv from 35 to 50
inches over the lower elevatlons to 75 inches or more in the Cascade foot—
hllls and to-between 150 and 200 inches on the slopes of the Cascade Moun—
tains. Durlng the summer, afternoon temperatures-ln the~Puget Lowland remain
in the lower 70°'s F while in the winter thevavérage afternoon temperafure 
in tﬁe lowland rangeévbetweén 356 F and 45° F (Phillips, 1966). On the fol-
loﬁing,page,.gradients of precipitatioh'and temperature over thezPuget.Sound

area are shown for different seasons. (Figure by,

*Surface-Winds _

Wind,patterns influence greatly micro—climafic'coﬁditiOns>and tha'stfengthv
and diréction of waves that cause shbreline erdosion and subsequéntvtransport
of the eroded material. The seasonal pattefns of surfacé’wihds that occur
in'theistudy'afea, (Figure 5,1 and‘5;2), can be attribﬁted.fo the circulatioh‘

of air around a semi—permanent high pressure cell which dominates the eastern
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Legend:
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The Puget Sound Region

Source: Universitv of Washington 1953 - Figure U4
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Pacific Ocean (Rusééll, 1954). During the summer months this high pressure
cell céuses a ﬁreyailing northwesterly flow of air in the Puget Sound area
and west of'VanCOuver Island. 'However; Russell (1954) notes that the

surface winds show a sharp antrasf to the general flow of air indicating the
strong effects of topography. Thus, a contrast isvnoted between the’flow

of air over Puget Sound as far north as Bellingham Bay and the flow over
Georgia Strait farther north. In_the_sbuthern portion of the region the

flow is predominantly from the south while over S.E. Georgia Strait, appro-

- ximately at the level of Boundary Bay, the winds are fram the east. There

is no doubt that this results from the deflection of wind to the east by
the Fraser River valley. There is, however, a net northerly movement of

air in this area because of the considerable péercentage of high velocity

winds in a northerly direction.

~Hydrology

The potential supplies of freshwater for domestic and industrial con-

-sumption in the study area are large on an annual basis. . Unfortunately, the -

‘seasonal distribution is not favorable. During the dry summer period the .

runoff is very low providing low quantities of vater for industrial uses

and,irrigation (USDA, 1953).v Consequent1y, reservoir éites have been idehti—
fied and some small reservoirs constfucted. | |

- The major river in the étqdy aréa is the Nooksack. Numerous other
tributaries’and streams flow through the area, including Dakota Cfeek,

CalifonniafCreek, Terrell Creek, the Lummi River and Chuchanut Creek. The

péturalfflow of the Nooksack has two peaks, one occurring in late fall With' 
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‘the advent of winter rains and the other higher peak in the spring because
of snow melt (PNRB, 1970). The average yield of wells in the study area
ranges between 11 and 500 gallons per minute, with the higher yields -
occurring in the Nooksack basin and the Dakota and California Creek water-
sheds. Few of the wells are over 50 feet deep and somé are éapable of
'producing 1,000 gallons per minute. Areas of‘iﬁadequate ground water
supplies are Lummi Penninsula, Point Roberts, the.Lake'Terrell area and -
Birch Point. Most acquifers within about two miles of the shoreline.produce
water of low quality because of salt and dissolved iron contents (PNRBc; 1970).

There are few reseroiré in the study area and no major reser&oif on
the Nooksack. Hence, its flow is nearly unregulated. The iargest diversion
~ of the Nooksack is by fhe Puget Sounvaerr and Light Compahy fof their power
plant on the north fork. bThis withdrawal is returned to the river. The
vcity-df;Bellingham is the next major water user withdrawing a maximum of
102 cubic feet per second (cfs) from the middle fork of the river for muni-
| cipal supply. None of this is returned to the middle fork. 'Approximately -
25:cfs.are diverted from the mainstream for the Mobile 0il refinery and |
Ttalco Aluminum.Corporation,. Information congérning watef_use by the
Atiantic Richfield Corporation refinery was not obtained. |

The fides in the sfﬁdy area are offthe mixed typel_ Mixed tideé aré-
characterized by variations iﬁ the successive heights of loﬁ and ﬁigh
water. The tidal referencé point for theuétudy is at Point Migley. Tides
at this station are calculated by the Coast and Geodetic Survey by adjusting. ”
for time and tidal amplitudes fram thé reférencé station at Port Tdﬁnsend;

Washington. At Point Migley, the meénvrange of tide is 5.2 feet and the
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diﬁrnal fange is 8}6 feet (Kincaid, et. ai., 1954). Mean tidal range

is the.difference in height between mean high and mean low water. The
diurnal tidallrange is the difference in height between mean Eigher high
and mean lower low.water, as shown on Figure 6. Variations in the suc-
cessive heighte Ofitidee_are affecfed by meteorological condi{ions. On-
shore winds can build up tide levels while offshore winds lower them.

Atmosﬁheric ?ressufe also altefs the.tidaliheight, a fall in pressure

Will be.accompanied by an.increase in height and'e rise in pressure with

a aepreseion of the tidai height.v The tide affecting the S.E. Georgia
Strait floods fr@m.the Strait of Juen'de Fuca. Hence, the tidal current

* in the northern portion of the stﬁdy area (Neﬁtune Beach to Semiahﬁoe Bay)

moves in a eounfer clockWise‘direetien (Kincaid, 1954). It was noted in

 the study by Kincaid (1954)'thet the tidal currenf will fend generally to
move.poiluted Water and debris in a northerly direction along.fhe-northern
shoreline.‘ Due to fhe‘effects.of surfece winds and bottom topography,

. the directieh of water movement in any specific area willlvafy from this -

nofm; | | |

With coheern incfeasing‘over tﬁe probleme of municipal.end industrial -

' waste disposals in S.E.'Georgia_Strait'ahd the_pOSsibility of 0il spills
-in the aree;,several studies of neafshere current pattern have been con-

_ ducted‘in the Study area gKiﬁcaid; lgsu;lsehwartz,A197l). (See figures

 7; g,.g; 10). TQo>water miéing areas appear toiekist in:thisvarea as a
herthern and southefn regime. The boundary bet&een.the}two regimes fluctu-
ates with the tide but falls.approximetelyfas a curve drawn from the

refinery pier at Neptune Beach to. between Matia and Sucia Islands
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Figure 6: ' Tide Curves (The change in water level with Time) -

Key:' : - : :
MLIW - Mean of 1ower low water = the average of the
lowest of the two daily low tldes

 MHHW .- Mean of higher hlgh water = the average height
' of the highest of the two daily hlgh tldes

Neaps -~ Tide of minimum range (distance between two -
consecutive tldes) for a semi-diurnal lee

Spring - Tide of maximum range forgseml—dlu'rmal' t"lde.,‘ .
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(Kincaid; et. al., 1954). Kincaid (1954) notes that the dominate feature

ofAthe northern'regﬁne.is the largé amount of freshwater from the Fraser"
River creating conditions.for intenéevmiXing. In the southern fegimé

the mixing processes result. mainly from the convergence of channel flows.
Thus, in the southern regimé, sufface temperature gradients are small

aﬁd the salinity.variations from‘top.to bottom are reduéed.

In the northern regime the water.properties are dominated by the
effects of the Fraser'Rivervoutflow, The inflﬁences of the Fraser varies
seasonally.but is particularly strong during the spring freshet. It is
at this time that the greatest fresh and‘salt.water stratification occurs
while surface salinity concéntration decreasesand dissolved oxygen increases.
During peak flow periods the freshwater moves southward to the vicinity
of Birch Bay and Cherry Point (Kincaid, et.-al., 1954). | |

In general, most.propeftiés of the water mass reflect the existence
~of these two regimes with a distinct interface betweén thém. The préperties
of the mafine water in the stﬁdy area during the period August 23 to
October 15 during which Kincaid (1954) conducted’his initial study are
representative of the différences that exist in the tﬁo regimesﬁ ‘Saiinity
in the Point Roberts and Birch Bay area wés about 28 parfs_pef thousand'
(ppt) or lésé. Iﬁ the Cherry Point and Neptune Beach vicihity tﬁe sur-
face salinity rahged slightly highef, between 27 ppt and 30 ppt. in the
Sandy POint,_Héle Passage, and Village Point area the surface salinity
ranged betweén.QS ppt and 30 ppt. Water temperature for the.same pericd
in the ﬁorthern regime varied_bétwéén'SZO F to 55° F on the surface. In

the southefn,regimé the surface temperature»ranged from u8° F to 52° F.
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Dissolved oxygen values in the-two regimes reflect the pattern of salinity
and temperature. In the southern regime Kincaid (1954) recorded lower oxygen

values than in the northern regime.

“Geology

- The Puget Sound trough:éttained its present form toward the end:of .
the terfiary glacial period. The northern pOrtion was bccupied several
times by ice sheet glaciers durlnc the Pleistocene epoch As a result most
of the topographlc features which characterize this area are a direct: result
of glacial er051on and deposition (Easterbrook and Rahm, 1970)

During the Quaternary perlod, four,cont1nental_g1a01al masses are
believed to have advunéed and retreated intdvthe Puget-trough; These
élaciers, being several.thousand.feet thick and having the poWer tu scuur,

g pulverize and transpbrt iarge.volumés‘of g@olocic material éroded the mouu—
tains on both sides of the trough and dep051ted the sedlment in the trough
‘(Pa01flc Northwest Rlver Ba51n Comm1381on PNRBC 1970) |

“The glac1al till is thlckest at the shorellne of the sound and thlns
to a rather thln layer over consolldated rocks in upland areas. In the
PNRBC Study (1970)»1t is noted-that the compact nature of'the_deposits
in upland areas, restricts 1nflltratlon and favors runoff. Hence. ih'Upiahd
‘ areas,_ground water supplies are 1nsuff;c1en to support large yleldlng
‘wells. Most a¢uuifersican be found in afeas of‘unconsolldated sedlments of
the Quaternéry pericd. Large amounts of watef'are,stored in-the sand and
gravel rece531onal outwash areas whlch occur in the lower areas ad]acent

to the till covered uplunds
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Existing as an ancmaly to the north-south grain of the Puget frouéh
is an east-west arm.of the Cascade Mountains called Chuckanut formation
which extends into the sound to the San Juan: group of Islands. It affects
the micro-climatic conditions in the southern portion of the study area by
altering surface wind patterns and the general movement of air. Preolplta—
tion and water runoff are notably higher in this area (USA Department of
Agrloulture 1953).

Durlng the post glaolal epoch the topography of the ‘Puget Lowland has
been modlfled by fluv1al ‘and marine erosion and dep051tlon. Rlvers and
streams dep081t1ng large quantltles of sednnen* in the relatlvely qulet _
waters of Puget Sound have built deltas of land seaward (Easterbrook and
Rahm, 1966). Waves and currents 1mp1ng1ng on the shorellne have eroded
materlal away fram the base of the bluffs and transported the material

laterally along the shore or out to_deeper areas of the sound. Conourrently '
the bluffs have been moved 1andwafd and an eXfensiversystem.of narrow beaches .
has been created. o

Within the_studyvarea, the Nooksack River has built two deltae into
the Sound. - Prior to the establishment of the present river course'info -
Belllngham Bay, the Nooksack River dlscharaed water .and sedlment 1nto
Lumml Bay Creatlng an extensive tlde flat area and llnklng Lunmi Pennlnsula
to the malnland For a perlod, the river alternated its course between
Lurmmi Bay and Belllngham Bay. Now, it empties primarily into Bellingham
| ABay where it has developed a large delta whlch 1s ewposed as a tidal flat-
at extreme low tide for approx1mately two miles into the Bay (Easterbrook

and Rahm, 1366). o | . o Lo
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Numerous spits and beaches composed of various grades of material exist

in the study area. Material eroded from the bluff at Neptune Beacﬁ has;

for example, been transpOrtedvsouth by lateral currepts and constructed a
spit into Lummi Bay. The north shore.bf Birch Bay is partly_éomposed of

a spit formed by material also transported énd deposited in that area by
ldngshbre_drift. In Birch Bay the longshore drift moves in a northerly

" direction. Since the energy in the current dissipafes from -south ﬁo north
the southern beaches of Birch Bay afe composedAof coarse‘materiallwhile .

the northern beaches are made of finer material‘(Schwértz, 1971).

- Topography

Thé study area‘is quite flat (Map 2) though bluffé ranging in height'
from 20. to SOC feet rim nearly the entire exfent'of Southeast Georgia-
Strait (PNRBC, 1970). As'éhown on Map 3, the slope on the study area-
rarely exceeds 20% with the exception of the ChuCkénut formation. |

.Thé shoreline bluffs are nearly vertical forﬁatioﬁs,v There are»féw
areas where these bluffs dé,not exist. ‘The beaches at the base of thesé
bluffs are relatively narrow ér non;existent. Most of the.beaches are composed
Vdf,material erodéd by mariﬁe.action from the cliffs. Few Beaches_ha&ei'
a slope exceeding 5% (Séhwartz, 1971).‘

. The topography of the»béttom UDderlying.marine water in the study

areé everts a domihant iﬁfluenée on the nature of wétér circuiatidn,ana
- mixing. Examination of the bathymetry reVeals fwo distinct phyéiographic
regions. Extending west fram the eastern shore of the'Georgié Strait,

the bottom grades gradually and continﬁously to about 50 fathoms. This
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is shown as a line drawn approximately'from Point Migley on Lummi Island
to Point Roberts (See study area, Map 1). West of the line the bottom
becomes rugged with steep slopes occurring arcund the San Juan Islands

(Kincaid, et. al., 1954).

Soils and Beach Material

The soil resources in the”study area are a product of the forées of
climate, topégraphy, biological action and time acting on the geological
material deposited in the area by glacial and water action' (Allard, 1971).
The parent material consists of a variety of bedrock and unconsolidated
sediments; compacted glacial materials, loose glacial outwash matérial,
debris eroded from upland afeas, and organic material found>in lake bot-
toms, shallow slackwater stream channels, and bays (PNRBC,1197Q){

The soil landscape of the northern portion of the Puget trough to‘I
which the study area belongs consists of extensive ground moraine till
areas represented by the Alderwood, Whatcom, Squallum, and Bow soils
(University of Washington; 1968). These ére genérally loamy, silty or
sandy clay till compacted and weakly cemented. The Chuckanut formation
consists bf shallow weathered soils 6ver-sandstone. Land adjaéent.to the
confluence to streams and marine water areés is composed of $i1t and
clay $oil stratified with organic.material.

The composition of the beach material in the study area has resulfed
from large amounts of glécial gravels and erratic boulders.beiﬁg washed
down to the intertidal area by marineberosion. Longshore drift-and wave

action have subsequently sorted and transported the material throughout
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the area. TFew comprehensive studies have been completed which outline the
composition of the beaches along Puget Sound and S.E. Georgia Strait.
Consequently the information used in this study comes‘fran the author's own
‘cursory examinationland‘Kincaid‘s (1954) study of the infertidalvarea of
the study area. |

There is a wide variety of beach composifions in the‘study area. In
general, tne beaches are composed of a coarse sand and gravel mixture :
ranging from sandy»beaches to beaches composed entirely of large’cobbies
with medium to large glacial erratlcs 1nterspersed throughout. To provide‘
an idea of the tyDe of beaches comDr1s1ng the study area, a series of
pictures keyed to place names are provided in Plates 1 and 2.

Bottom sediment is an important oceanographic variable which influences
.the geology of the marine env1ronment 1nclud1nv the distribution and producti-
vity of benthic flora and fauna and some pelaglc forms. Sediment 1nforma— o
tion can also be used to determlne.the means of dep051t1on; the source of
the sediment, the water characteriStics involved in the transport of the
sediment (Waldichuck, 1953). |

The sediment information for this study, as'shown on Map 4, uas
obtalned from Kincaid (1954) and from the Coast and Geodetlc Survey Maps.
The composition of the bottom is descrlbed as being mud sand, gravel
boulders or rocks

Mud very fine materlal (5.005 to 0.5 mm in dlameter)

1.
2. Sand coarser material (.05 to 2 mm in diameter).
3. Gravel - coarse material (2 to 256 mm in diameter)
4. Boulders material larger than cobbles, (greater than
256 mm in diameter) : '
5.

Rocks; solid mass of rocks



Intertidal Beach Between Intertidal Beach Between
Mobile 0il Refinery and Cheery Point and Neptune
Ttalco Aluminum Company Pier - Beach

Beach at Birch Bay Bulkhead and Groin Structures
in Birch Bay

PLATE TWO: NEPTIUNE BEACH TO BIRCH BAY BEACH



Pleasant Cove in Chuckanut Bay . The Beach at Hale Passage:

Lummi. Bay and Golf Course Devel« Beach at Sandy Point: Note
opment on Estuary Shore Zone Refinery Pier in Background

PIATE ONE: CHUCKANUT BAY TO SANDY POINT
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Vegetation o S L )

The most common forest vegetatlon communltv found in the Puget Lowland
is the western hemlock community (Unlver81ty of Washingtory, 1968) In
Krajlna s (1965) blocllmatlc classification, thls area belongs to tne"
coastal western hemlock zone which occurs along the coast of Brltlsh
Columbia and the washlngton coast along S. E Georgla Stralt Conlferous
species associated wlth the western hemlock“zone comprise a rather large
list, includinngouglas Fir (Pseudotsuga menzieAii)f,Lodgepole Pine
'(?Lnué contorntal, Western White Pine (Plnué monixcoﬂa) and Western few
.(Taxué b&ev&ﬁOZLQ) Douglas Fir is often_the dominate speoiesxin the dryer
areas of.this community (Washington,»University of, 1968).>lThe forest
areas grow right to the edge of the bluffs'overlooking the Strait of Georgia
‘making shorelinelareas quite dniform in appearance except where man has
cleared the forests. | | | | |

Grasscovered pralrle—llke areas are found in the lowland where 5011
and climatic conditions do not favor. forest growth The vegetatlon cover -
in these areas con51sts malnly of grasses, 1nterspersed wlth stands of
Douglas Flr Oregon Whlte Oak (Ouencué gaﬂngana) Scotch Broom (Cgt&éué
écopan&uAl and other shrubs (PNRBC, 1370).

Tidal marsh areas (Map 5) are colonized predominantly by a salt-grass
(Spartina spp.) cover (PNRBC, l970).f Eel:grass beds (MaﬁZS) provide imnor-
tant habitats within the estuarine environment.' They‘oftenvsnpport‘pupula—'

~ tions of algae and small fauna that:provide food for'grazing‘fish and other'
swimming organisms. The Marine Land Management-DiVislon of the WaShington

State Deparhnenf of Natural Resourcesihas locateddeel grass beds in the
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study .area as an important marine resource affecting decisions regarding

the use of State owned marine land.

Wildlife

As shown on Map 5, various types of shellfish occur throughout thé
study area. Several species of'clams-are sufficiently abundant to be
attractive for recreational shellfish‘digging most of the year. Aréas on
the.nQrth of Lummni Island éndvthe Lummi Penninsulavare used for commercial
shellfish production (PNRBC, 1970). Comﬁercial oysfer growing aréas
are in Bellingham Bay, Lummi Bay ahd Drayfon Harbor. In Lummi Bay, the
Lummi.Indians have developed an aquaculture operation aimed at pfoducihg‘
‘commercial quantities of oysters and salt wétep frout; Non;coﬁmeréiai
areas of abundant oysters have been located by the’State Department of
‘Natural Resources. | | |

The mainbfactofs which limit Shellfishvproductionvin the-study area
are ﬁoor water quélity,_adVérse phySical conditions, and pfedation..
Kincaid (1954) and the PNRBC Study (1970) reported that poar watér' quality
is one of the major pfobléms fpf:oyster gbOwipg.in'the_study'area,'.Thé Bléihe
varea CSemiahmoo Bayvand‘braytoﬁ Harbor) posSesses.egcellent'seed oyster,,,
beds, but,Abecauée of pollution the Qyéfer,cannotvbe fattened.fqr‘market_.
from this area. | “ ..

Aloﬁg the mainland; froh GQOSeberry Point to.Birch Bay, Kinéaid (1954)
notésvthat the grinding action of upper beach material is not conduéive to
‘benthic orgahisms,- Lﬁmmi Bay, open to southerly étorms does not provide

phySical‘Conditions particularly favorable to fragile shellfish production.
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However, an extensive dikiﬁg system constructed by the Lummi Indians has
remedied this prbblem and made the area useful for oyster and fish culture.
Shoreline development in Birch Bay, Lummi.Bay and Bellingham Bay has~expfb—
priated shellfish producing tidelands though bulkhead construction and land
£i11 operations. Oyéter drill colonies have élso beécme established in |
several areas, making oyster production difficult. Oyster drill populatigns
are. located primarily in Drayton Harbor. |

Comhercial and sport fishing for salmon and bottom fish oceurs through-
out the year. The principél salmon fisheries resource in this area is'the
Sockeye salmon run on the-Praser River (Kincaid, et. al., 1954). Thé'Sockeye
that migrafe through United States' waters enroute to the Fraser River paSs
the west coast of Lummi Island, travel past»Biréh Bay toward Point Roberts
and then head for the.Praser River (Kincaid, et. al., 1954), Naturai.salmon
spawniﬁg_streams in the study area ihclude the Nocksack River, Squalicum
Creek;{Chuckanut Creek, Terrell Creek, California Creek and-Dakota :
Creek,(USDA,-1953). Chinock and pink salmon épéwn oniy in the Nocksack
while nearly all thelétréams‘receive'Chum and-Coho Salmon. Searun trbut |
are also fouﬁd in these'creéksvandnthe Nooksack during difféfent times of

the year. They constitute a popular sport fishery.

CLASSTIFICATION OF THE WHATCOM COUNTY COAST

There are no coastal regions or subregions within the study area. The
"Whatccm'County;coast-is contained within the Puget trough which is a sub-
regioﬁ of the Pacific Northwest Coastal region of the United States (U.S.

Department of Interior, 1970). Mumerous embayments or indentations and
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the estuarine character of the water are two distinctive features of the
coastal subregion. The subregion has been characterized as both one large
estuafy and as a series of small estuaries (U.s. Department of Interior,
1970).

As shown in Map 6, the study area is divided into coastal components,
coastal subcomponents, and coastal phases according to the classification
outline in Chapter Three. The coastal phase class is indicated within
subcomponents of the estuary—shore belt on the basis of beach composition.

The coastal belts (marine, estuary—shore, and terrestrial) discussed
in Chapter Three have been delimited from analysis of the bathymetry, tides,
topography, weter quality and land use. Unfortunately, all the criteria_
established for delimiting the terrestrial belt could not be utilized. In’
particular, an area’of vegetation displaying'the‘effects of the marine
environment could nof be establisned. Hence? foilowing Schaeffer (1969),

' the inland boundary of the_terrestrial-belt was set at two miles frcm the
'shoreline to include most land uses affecfed by the marine enyironment cr
bhaving a direct impact on coastal rescufces. Interestingly, it was noted
in the PNRBC study (1970) that many wells within two miles of thevshoreline
may encounfer salinity problems when driven deeper than one hundred feet.
The estuary-shore belt includes the anes between the line of mean lower
low tide and the line of mean high tide. Differentiation of the estuary-
shore belt is accomplished by coastal subcomponent designations. The‘
seaward boundary of the marine zone follows the line between the two
distinct (east and west) bottom areas in S.ﬁ. Georgia Strait. As noted

in the foregoing section on topography;'the bottom west of theiline‘is quite
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rugged while east of tﬁe line the bottom grades smoothly from the shore
to about 50 fathoms.

Difference in water properties and surface winds divide the marinev
belt into fwo coastal units. In the northern unit, water propertiés
and surface winds are dominated by the effects of the Fraser‘Rivér and
Fraser Valley, féspectively. In the southern unit, the water mixing and
- physical properties reflect the influence‘of the many chénnels which coﬁverge
in the area. With seasoﬁal variations, surface winds in the southern unit
fldw from the south while surface winds in the northern unit flow ffom
the south and east (Russeli, 1954),

The eétuarsthore and-terresfrial-belts are broken‘iﬁto nine camponents
and thirty-six subcomponents largely on the basis of:physiographic featﬁreé.
This provides a first level or coarsé screen classification of the coast |
of Whatcom County. .The ideal classification would incorporate all thdsevv
‘biophysical attributes of resources which affect the productivity and - |
‘distribution of organisms as discussed in Chapter Two. :An analysis more
detailed and comprehensive than could be>cérried out during this study -
.would be needed to accohplish a truly ecosystemétic cléssifiéétion of the
‘coast_of Whatcom County.

| KThe»coastalvcomponents are characteriéed és being either embayed,
exposed directly td the Strait or affected by fhe influence of barfier-
islands or barrier bars. Céastal subcompoﬁehts are,designated within thé
"qoastal componénts of the estuary—shore‘and ferrestrial.beifs; The fol-
lowingxﬁhysiographic factdrs were considered in deiimiting coastal sub-

components: 1) shoreline cliffs; 2) spits; 3) tidal flats; 4) marshes; and, -
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5) upland‘topography, The subcomponents of the estuary-shore belt are
characterized further bv a beach‘phase indicating beach composition. Table

6 outlines the classification categories for the coast of Whatcom County.

RESOURCE CAPABILITY EVALUATIONS

In this section, each coastal cbmponent is rated for its ability‘to
support four different representative types of resource uses.. The rafingé
are based on an evaluation'of the Subcompénents'potential to supply the
resoufces required by the»prospective users and on the absence of conditions
that would limit the users' abiiity‘to exploit resource or result in damage
" to the envirorment and the uéer. " Qyster raft culture, fesidential_(recre— E

ation cottages, and permanent homes), waterfront iﬁdustry, énd public
'éutdoor recreation (brganized camping and day use) fypes of uses have‘beeh
selected tovcarry out the;evaluation of“the éomponents. These uses have
been chosen to represent the diversity of possible coastal zone-ﬁsés and
are not consideféd as inclusive of all prbspective coastal zoneAfesource
uses.  The éoastal compdneht numbefs énd use éapability'ratings for eaph
- component are shown in Map 7. |

" The capability ratings are shown onlyAfor the cbastal compoﬁentsv
and represent the‘synthesié.of the evaluation of marine, estuarine, and
'terresfrial resources which are divided into coaStal'subcbmponents. Ih'
~ order to éstabliSh the capability value for the cdastal’componeﬁts, eachi
of thé subcohponénts was examined separatelyiin felation to the yaribus '
relevant resource requirements. :For example, the marine subcompohents

were rated for waterfront industry docking facilities while the upland
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COAST OF WHATCOM COUNTY

Coastal Class Coastal Belt Distinguishing
Symbol - ’ . Feature
Ccmponents
I " Marine - Water Properties: surface
1I Marine currents, temperature,
- salinity. Surface Winds
TIT Estuary-Shore § Terrestrial Embayed Shoreline
Iv Estuary-Shore § Terrestrial = Exposed Shoreline
\Y Estuary-Shore & Terrestrial ' Barrier Protected Shoreline
Subcomponents
Ca Estuary-Shore Cliffed Shoreline
b Estuary-Shore - Plain or Terraced Shoreline
c Estuary-Shore - Spits
d Estuary-Shore - Tidal Flats
e -~ Estuary-Shore Marsh
f Terrestrial Upland slope predominately
greater than 10% :
g - . Terrestrial Upland slope‘predominately
' less than 10%" :
h Marine Depth less than 35 feet
i Marine Depth greater than 35 feet
Phases o
1. Estuary-Shore No beach
2, Estuary-Shore r Cobble beach
3. - Estuary-Shore. Gravel beach
4, Estuary-Shore Sandy beach -
5. ‘Muddy beachl

Estuary-Shore
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terrvestrial subcomponehts”were refed for waterfront indﬁstry buildiﬁg
eites. In the capability rating tables, each of the values fepresents the
ratiﬁg of subcoﬁponents relevant to the given resource requirements.
Where more than one Subcomponent in a coastal component was relevant to
one resource'requirement; an average value was estimated by judging how
strongiy the characteristics of each subcomponent complemented or detracted
from the overall quality of the coastal componenf. |

Tt is important to consider the-capability rating for the whole
in addition to the subcomponent pdrts.- The coastal components'areva
‘practicél size for carrying-out assessments‘of the user impacte on the
interrelated resources and resource uses. Hence, during the early stages
of ‘allocating uses to coastal areas, a broad perspeetive can be maintaihed
to identify potential'use cqnflicts. It is.recognized, -also, that méhy
conflicts occur well beyond the ﬁoundaries of coastal components. The
components, for purposes of identifying these eonflicts, peride groups
.of resources that can be related as a whole, to other components 1n terms
of belng elther the source- area of adverse env1ronmental impacts causing

resource use confllcts or the re01p1ent of adverse impacts.

Oyster Raft Culture

Oyster culture in Puget Sound and S.E. Georgia Strait has_been
'practiced since the last part of the 19th century ' The earliest recorded
'oyster production in . B.C. was 1n 1884 (Quayle 1969).

In Washington State the total oyster production is between 6 and 8

'milllon.pognds of meat annually w1th,Puget Sound producing about 30_to
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40 percent of the total. Yet, the full potential of the Puget Sound

and S.E. Georgia Strait has not been realized (Westley, 1971). Westley
. (1971) calculated that if the demand for food in the world became great
enough, approximately 187,408 total surface acres or about 28% of the
surface area of Puget Sound could be brought into production.

Oyster culture for commercial purposesvis very demanding of the
resource base. Although no single requirement, except depth for raft
cultures, is very restrictive, taken as aAgroup, thé‘reSourCe~require—i'
ments severely limit the capability of areas to.sﬁpport commercial oyster
production.. Additionally, hot all resource requirements are understood
well enough to provide a great deal of certainty in identifying thosé
areas that will satisfy the résource requiremeﬁts for oyster raft‘culture."
_Quajle (1961) stated in several places that trlal and error is the only
effectlve way to fully determine the capability of an area to supDort »
oyster production. Ten blogeophy51cal factors have been identified as
»1mportant for evaluating the 1n1t1al capablllty of areas for oyster cul-
tUre. They are:

1. Salinity

2.  Water temperature -

3. Air temperature ‘

4. Water exchange increasing the fertility

5. Protection from waves

6. Water depth for raft culture
7.  Bottom conditions for holdlng primary seed for raft cultures

and for maturing oysters
8. Protection from or absence of predators, oyster drlll starflsh =
and crabs

9. Amount of intertidal area for seed beds
10. -Backbeach slope for accessibility
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The range'of salihity:in_Puget Soﬁnd poses.no'gfeat‘problem for
.oyster‘culture.;:The princiﬁal sﬁecies grown commefcially in the Pacific
Northwesf, the Pacific‘dystér (Cnaééoétﬁed gigas), is very tolerant to
salinity variations. It can_liQe in salinities up to 33 ppt and can remain
in freéhwater for u§ to eight hoﬁrs-wifhout’beihg démaged &Quayle,'l97i).
Ohiy those areés.ekpérienciﬁg continuous freshwater\cohditions sﬁch as
1near the head of an.eétuafy are likely to be unfit for oyster produétion,

The Pacifig Oyster may>also tolerate a féirlvaide raﬁge_of tempera-
tures. The oysfer is found in water bétwéen 40° F and 750 F and éah with-
" stand freezing air femperature-ofIZSO.F when uncOvéfed‘by the fide.- Pro;
-.ductivity is higher, the.higher the water temperature within the range
~of tolerance. o | |

Ground Suitéble for'qystér culture mus# coincide with areas of‘suitable
;watericonditioné, havefa firm'bOftom, be at the’desired tidal level, and -
be protected from Qavés" A flrm bottom of flne gravel , sand and mud or
any combination of these prov1des the best ground culture areas (Qhayle,

- 1969). The area should also be free of 511t1ng Grounds at a tidal
level of 1 to 6 feet above_mean'lower Tow water prov1de the best productidn
and harvesting éonditions.  Sihée'extrem¢>anes will move oyétérs along:
the bottom énd?bnto_beach areaé,'additional labor will be required foi'
return the oysters to fhe'beds in gréunds_nof éufficieﬁtly pfoteéfed
from severe wave.action.

© In raft culture operationé,'the‘uéﬁal practice is to ﬁéng.strings
‘up to 40 feet longbhOIding élusters of shells with oyster.spat fram

rafts anchored in‘water'deep enough to prevent the strings from dragging
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bottom (Figure 11).

_ Figure 11: Diagram of oyster culture raft (Quayle, 1971)

The raft should be anchéred in an area protected from wavés exceeding 2
feet or raft damége‘may'énsue destroying the oysters (Quayle, 1971).
Since an oyster is.é sessile, filter feeding dbgaﬁism, it depends
upon water circulation té transport its féod and wastes. In oyster culture,-
a fairly~lafge’exchahge of wéter is required for high prcductivity.. How-"
 ever, too great an exéhangebcan increase upwéliing of coolrwéter that slohs
‘an oyster's growth. R o |
In raft culture operations, déﬁths of 15 to 20 feet have been fécoﬁ—
mendéd by Quayle (1971) as the minimum at low tide. _Westleyb(l97l) Con—vv
siders 20 fathoms (12D feét> the maximum aepfh practicable for aﬁchqring
rafts. .
tach of,the.coastal_compbnents has been evélﬁafed for Qyétér cultufep
A Qaiue of 1 to 4 iﬁdiéating»éxcellent fo pobr quality for edéh resource

characteristic has been assigned'{o the coastal components as shown'in
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Table 7. In addition a relative weight has been assigned to each user
resource réquirement to incorporate"the‘relative importance of each |
resource to the user into the evaluation. FEach of the values indicating
the quality of the resources in the component is multiplied by this.
weighting factor. The relative weights also range in value from 1 to 4
indicating insignificant to.significant importance and are based on the
analysis of»resourée limitations shown in Table 3 ovahapter Three.  The
considerations made to establish the reiative'weight of any one user
resource required includeﬁ 1) the range of variation of any one limiting
resource characteristic which the user éan tolerate; and, 2) the capé—
city of resources to absbrb>the impact of different uses.

Given the weighting for the ten important characteristics for
evaluating oyster cﬁlture, the fange of yalues'fdr the‘sum of.the.peruéts
in each component is from 25 to 102. ‘These values are distributed émong'

~ s1x resource capébility classes shown below:

Range of Limitations '~ Capability Rating for Oyster Culture
25-39 1. Very High
40~50 2. Moderately High
51-60 3. Moderate .
61~70 4, Moderately Low
71-85 - 5. Low ‘
86-102 - 6. Very Low -

Residential (Recreatidn»Cottages and Permanent Homes )

Development of land for homes along the Whatcom Couhty coast is now
a familiar sight}b The magnificant view provided to Georgia Strait, the
west and séuthwesteriy.facing shorelines and the expanse of beaches

- (although cften inaccessible) are attractive to developers and home .
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COASTAL COMPONENTS

1] 20 3| 4| 5] 6 7| 8{ 9
RESOURCE REQUTREMENTS Ri
Salinity 3 ANV AN VAR VAW YA VAN TAY.
o ' 61/61/6|/6!/8]|/61/9]|/6
Water Temperature 2 /}/)y/J_ 3/1 2 ;/’2A %(2
21/21/2 /6| | /6| 0|
Air Temperature 2 ;// o/ 12/2/]2/ 12 24/ 1
. : it/ ul/w ) a | e el A :
Water Exchange 3 2/ |1/ 1/12/1 1{/
6|/3|/6(/3|/3|/3|/6 |
. ’/ ’ 2 . .
Protection From Waves 3 VY l2/14 1// 1/ 11 /4 /i1
| 31/19/6 |/12/3| /31 /B3| A2
iBQttom conéistency 2 A 13 lu 2// 1' 36/ 4 /1l
R J2l/6 /2 1/8 //u 21 6
Predators 2 | 3 SN/ V1 N1 A1/ )/
. 6/ ul/ 2|/ /21 /2]/2 |
Amount of Intertidal Area 3 s/ 102/12/1 1 2,//.
. : /31/9/3| /12 /31 /6] /6 Ve
Depth for Rafts y /11/11/] 3 5// s/A1/13 /]
16/ | //ﬁ /12 /81 A2 Al A2]
\. i : ., / _ v .
Access 1 3 1 L 2/ 1/11/1 b 1/1
VANV EAVERVIRY LR VR AR P! |
SUM OF PRODUCTS 49 |53 |36 |62 |43 |41} 53] 61 |ul |
CAPABILITY CLASS 213 u 2

Table 7: RESOURCE USE-CAPABILITY RATINGS. OF COASTAL
- COMPONENTS FOR CYSTER RAFT CULTURE '

Key: #RW - Relafive Weight of Resource Characteristics

Range ‘of Limitaticns

25-39
4050
51-60
61-70
71-85

786-102

——éQuality rating of resource in COmponent
—t+—Product of Pelatlve welght “times Quallty of Resource
CaDabllltV Qatlng .

Very high
Moderately high
Moderate ™ ,
Moderately low
Low
Very low
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purchasers. Unfortunately; in many situafions such as this, the beauty
of the area can obscure concern for the physical 1imifations to home
developers.

With respect to characteristics fhat'afe impcrtant in evaluating
land for homé devélopments'in the study afea, the Canada Depaftment of
Forestry and Rural Development (1967) identified nine biogeophysical
characteristics for fhe'recreation lodging sector of ths.Canada Land Inven-
tory which are applicable. They are:- 1) shelter from wind; 2) exposure
to.sun;'3) capability.for.végetation cover; 4) outward aspect for viewing;
5) soil materialvfor foundation and»draiﬁage'from septic tanks;IS)'aQail—
ability of freshwater; 7) upland slope; 8) backbeach slopej; and,i9) pro-
tection from flooding.'vBeach composition-has'also'been added by the author
.bécause of its importance in determining the capability of an area to

Support recreation activities, U

'Slope characferistics detefmiﬁe to a'greaf extent the~ca§ability
'of ausité to suppcft'diffefent uses. In addition; slope is indicative
‘of’sevéral soil characteristics that may.be limiting to prospectiye uses.
Foster (1971)'pcints‘out that as slope increases above 10% soil conditions
for dfainage, vcgetation growth and‘foundafion stability become less
fa§orable. in terms of shorelinc_dévelopment there are two areas where _
slope is a critical’ccncérn; firsf,.the sicpe of.fhé immediate.beach
backland affects beach access and second,'theaslope of the upland_site_
chosen for deVeiopméntlaffects a,sife's capabiiity to“suppoft building
foUhdations? to provide accéssibiiity.by autOmobile,aand provide drainage
and vegetation. A slcpe of 25% cr greater in‘thc immediate beach backland

can be considered to severely restrict beach access. Upland slcpes of 15%



115
- or less can be considered for most home site development (Canada,‘Departs
'ment of Forestry; 1967). Good aufomobile acéess, howevef, is not providéd
on slopes exéeeding-7% (Lynch, 1962).

. The direction from which an area reéeives itsisunlight is - important
to consider in site planning. Obviously, in the Northern HemiSPhére those
slopés which face the west and southwest will receive the desirable‘afterf
noon sun while east, northeast and north faéing slopes are less favorable
in this respect (Lynch, 1962). The‘beﬁéfits of receiving suhlight must be
"considered in relationshipvto benefitsiderived from alternative scenery
views and of course, weighted by the degree of slope (Lynch, 1962).

Thé procedure for rating the coastal classeé fdr recreation home
developments follows the same proceaﬁre‘used in rating areas for oyster
culture. Table 8 displéys fhe values aSéigned to the areas forveaCH -
important resoufce characteristic. Since thefe are ten bidgeophysical
factors considered and given the weighting-assighed,to each resOufce
faétOr, thé possible range'of the sum of products is from 29 to 117. Thése

values are grouped into six éapability classes as follows:

Range of Limitations _ - - Capability Rating for
' S Recreation Home Sites
©29-u0 1. Very high

u1-52 2. Moderately high-
53-65 3. Moderate .
66-80 L. Moderately low
81-95 5. Low
96-117 6. Very low

Waterfront Industries

Navigation facilities and waterfront industries in the study area are

located largely in Bellingham Bay. ~Other navigation facilities'areflOCéted'
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COASTAL COMPONENTS

1423 |u 5.6 /7 |8]39
RESOURCE REQUIREMENTS R
Beach Composition 2 v/| 2/ 1/1w/3/11/ v/ u
‘ ' 8l /ul /21/81 6 1/2|/8|/8|/u
Shelter from Wind 2 A VAR VIRYAY: 3 |
| - 20 /ul/ul /6| /u | /ul/21/86|/6
Exposure to Sun 2 : /11 /1
- - w\ /2 /2l /212 /2| /2 |/ 2| /u
Vegetation Cover -2 1/ /02 )
: 22l S22 2 w2 2
5soii Conditions I iy |2/ |k YA RS
- - /18 /i4|/16 /8 |/16,/8| /16 /16 /8
' i y, /.
Freshwater Availability 3 : /|2 311/ |4
| | N3/ 9l /31 /8 |/3 /9| /3|/13/ 12
Outward View 3 2 - }// /1 V
9 /6|/31/8|/61/31/31/3|/3
Upland Slope wo | 2/] 2 1 1/%’»]/ u/
o - 8 /8| /4 |/u ||/ /0l /16812
Beach Access. 3 /13 11/ 1w/ 1/ 11/ /1y |y
| 6|/9(/31/12 /3 /3| /3|/12/¢
Protection_fiom,Floods | 4 3 13/11/1u/11 y/| 1
S ) 2 /4| /12 //ie /i /18 /u | /ul
= ’ / ‘ ’ .
SUM OF PRODUCTS 70| 52| 51 |58 |62 {43 59| 81| 66
wl o3| 20 u| 32| 3| 5| u

CAPABILITY CLASS -~

Table 8: RESOURCE USE-CAPABILITY RATINGS OF COASTAL COMPONENTS
~ FOR RESIDENTIAL USE (RECREATION COTTAGES AND PERMANENT -

HOMES) -

‘KEy:‘ *RW -iRelative Weight of Resource Characteristics

Range of meitations

- .29-40
5214152
53-65
66-80
,..81-95
“'96-117

Qualitv Rating of Resource 1n Component

Product of Relativo Welcht Tlmes Ouality of Resource

Capability Ratinc

o EWN

.- Verv high-

Moderately high
Moderate c
Moderately low -
Low :

Very low
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in Drayton Harbor, Birch Bay, Lurmi Bay and Hale Passage, and at three
locations between Point_Whitehorn and Sandy POint. ‘These last three
facilities are privatebbulk terminals serving two oil refineries and
an alumina ore prOcessingdplant. ,Exceptvfor the three privately owned
navigation facilities and‘those in Bellingham Bay, all other facilities
are designed primarily'to handle snall boats. Perry terminal‘facilities
“at Gooseberry Point serve Lummi Island (PS 8 AW, 1970).

No single set of naVigation fac1lity requirements are suitable for
assessing potential sites for all types of waterfront 1ndustries; uOne
~of the distinguishing characteristics»of modern water borne commerce is

the variety of cargo and vessels intuse.. Additionally'technological
innovations have been'rapidlylaltering the‘phvsical'requirements.of
navigation facilities. For example,_in~l9u9, thevlargest tankers in'use
had a capacity of,approxrnately,30,000vdeadweight‘tonsland a draft, fully‘

‘loaded of ‘about 32 feet. In 1967 the "supertanker," Idemitsu Maru, was

vv launched which had a dead weight capaCity of 210, OOO tons and a draft of
'58 feet (Graves, 1968) Larger vessels have been launched since’ that
time.' Although the faCilities required to handle these tankers are
relatively simple (Graves, 1968) the increase in draft has created
problems in prOViding naVigation channels deep enough to handle "super—
tankers." | |

With the shift to large bulk carriers, waterfront facilities have
had to be modified to accommodate larger SthS With greater drafts and
to provide facilities and space for the proceSSing.and storage,of_bulk |
'n products. Because the cost of dredging navigation channels to depths

greater’ than 45 feet is very high, naturally deep water areas near shOreA
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and near markets have come under consideration as alternatives to modify-
ing existing pcrt facilities (Graves, 1968).

In addition to deepwater (35 to 75 feet at;mean'lower low tide) other
physical requirements for waterfront industrieS'include:

1. Relatlvely calm:water,
2. Sufficient area to accommodate all the proce851ng
facilities,

3. Soil characteristics that will support foundations
for heavy structures, provide good drainage, and be .

- excavable for installation of underground utilities,
Flat land within a 2% to 5% slope range,
Water c1rculatlon for diffusing waste products.

o

Earber (1967) notes that soft soils should be avoided wherever‘possibie.
But, for industries recuiring acceSS’tovwater transportation, avoiding o
‘soft_soilrconditions may be rnpossible;s In‘many cases, bdlk storage
facilities and processin& plants do not need.to be located directly at_

the shoreline Materlal ‘conveyance mechanlsms can often be extended
‘w1th1n‘certa1n technical and economic 11m1ts, inland to suitable 51tes

But, this prov1des onlj a l_mlted amount of flex1b111ty to av01d unde51rable
3011 condltlons.

For the purposes of thisdstcdy the'six chysiographic characteristics
discussed in the precedlng paragraphs have been used to rate the capablllty
of ‘the coastal unlts for heavy waterfronL 1ndustry facllltles ,The»ratlng
, scheme'ls consistent with the scheme for ratlng oyster raft culture and
vresidential home»sites Giveh the relative weights for the six’resocrce
factors belnc analyzed the ranbe of DOSSlble sum of Droducts is from 22
to 80. ThlS range has been divided 1nto six caDablllty ratings 1n the

follow1ng‘manner.
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Range of Limitations | | Capability Rating for

Waterfront Industry
1 22-31 1. Very high
32-42 '2. Moderately high
43-52 3. Moderate
53-62 4, Mcoderately low
63-72 5. Low
73-80 6.

Very low

Table 9 shows the;results of the resource evaluation and capability

analysis for heaVy_Waterernt industries.

Public Outdoor Recreation (Day-use and Overnight Camping Facilities):

Day-use and overnight camping facilities in the study area are
provided by the Wéshington State Parks and Recreation.Departmentvaf
Larabee Stafe Park near .Chuckanut Bay and at Birch Bay State Park. Both
"of’these parks provide excellent day-use anc camping facilities and are
,used‘intensively tﬁrqughout the summer months, June to September. More- |
- over, Both parks are locatedfin areaé posSessihg extremely different .
physiographic features, thereby offering two distinctively different typés '
~of recreational eXperieﬁceé. Becéuse there is a great variety of shoreline
characteristics in thexstudy,areag bthef‘areas Offéring the possibility of
equally different types of recreational experienceéiére available. »
Déspité the‘variousbtypes.df shoreliné_dffering different fecreatiohal
opportuﬁities, there are certain user requirements that must'be satiSfied |
before an_area can be considered to'haQe high_recreafional capability.
Niné essential biophyéical réduiremenfs for ofgaﬁized éamping facilities :
were identified in the recreation sector of thé'Canada Land In&entofy
which are useful for'evaluation of the Whatcém Counfy coast (Canada Depart-

' ment of Regional Fconomic Expansion, 1969). These requirements are by no
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COASTAL COMPONENTS

| 123 |ui{si67|8]39
RESOURCE REQUIREMENTS K
Protection from High Waves 1 |1 2// 2 /// 1/11, i{//2/ 1 /
o Lo e A AL A
_ , A -
Water Circulation ly 3/ 11/ w113/ 11 /|3 /11 /]2
| 12)/4 //{6 | /12 4 2| A
- i - - 7 %
Depth 3 L/ 13 ur/ / u/l % 4 /11 /i
. /129 V12173 | A2 A2 A2 A2
| | _ /1278 )1 2| fa A2 5o A
So1l Bearing Capacity Y / y/ 2/ 14 /13 /14 /i 3 /
o _ 16/8 /16| /8 /46//2/16146 2
Slope 4 /;// /12 /12 /12 /11 /| /|
y /8 /4{ /8 //{6 6
/ A
/ iRy - /
Land Space f 1/ 3// 2// 3/ |4

SUM OF PRODUCTS

CAPABILITY CLASS . - | w2

Key:

Table 9:

RESOURCE USE-CAPABILITY RATINGS OF COASTAL

COMPONENTS FOR WATERFRONT INDUSTRIES

*RW - Relative Weight of Resource Characteristics -

Range of Limitations

22-31

32-42

43-52
53-62
63-72
73-80

Quality of Resources in Component |
—Product of Relative Weight times Quality of Resources

Capability Rating

D E wWN

Very high
Moderately high
Moderate

Moderately low -

Low
Very low
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means inclusive of all outdoor recreation biophysical reQuiréménts, nor
-are they absolute. Theyvprovide a general ffamework for accomplishing a
general'evaluation“of an-area's capability to provide public outdoor
recreation benefits. Thus; they serve the purposes of this case study.

- The preferred biophysical requirements are:

1. Stable unconsolidated surface material for camp site -
construction.
-+ 2. Extensive area of low gradients or very rreouent level .
' terraces for recreational activities and camp 81tes
(2 to 5 percent).

.3. Slope conditions suitable for vehicle access. (Less than 10%).
4, Proximity to potable water. =
5. Tree cover to provide wind and sun shelter.
6. Scenic outlook.
7. Proximity to waterfront features hav1nc good bathlng or
other popular water-oriented recreatlonal act1v1t1es
8. Acce581b111ty for boats.

8. Beach composition.
Since there are nine requirements to be considered ia évalqation sf
~areas for recréatioh day—uss ahd camping facilities the range of total Valuss
is from»26 to lou..'Table 10 shows the values assigréd to the coastal com-
ponents fof each resource characferisfic leen below 1s the dlstrlbutlon

of these values to the six capablllty ratings.

Range of Limitations -Capability Rating for Public
- . ' Day-Use and Camping Facilities
26-38 1. Very high
39-50 2. Moderately high.
51-63 3. Moderate '
BU-76 4. Moderately low
77-30 5. Low . :
91-10u4 6. Very low

DISCUSSICN OF CAPABILITY RATINGS

The capablllty ratings tablished for each coastal component ‘are based
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COASTAL COMPONENTS
| 1|23 |w}ts |6 7]81S3
* RESOURCE REQUIREMENTS ~  RW#
Surface Material _ 3 2/12/12/12 /14 / 1/ 4/11 /42
, . : : : 6 |/ 2 2l B 1/6
" e - 7 7 ; 7
Extensive Low Gradients -3 3/ 0/ /1 /02 /02/ 4 /13 /42
| 9 /6 6 |8 ]/0 |/
Slope for Auto Access 2 1/ 2 /11 1, 1/ 1 /2 / 4 2/
» - 2 YRRV WY
Potable Water Supply =~ 4 1/12 /11 % '3 /i3 / 7 3/ |4
' : I 12] A21/8 12 /{6
| Vi V) il i
Shelter | 4y e/l e/l S )
v 4 18 /8 8 %3 4
Beach Access . . | 3 13/13/11 w1/ 1/ i// %{/'1
| ) , 9 21/3 /5 /8] 12|/
Access for Boats ' , 2 3/13 /11 /3 2//1// 2/ 2/ 2
6 61, 2 v
Scenic Outlook ' 2 w12 /N1 /13/ 1/11/12/11/11
o 8 1, 21/ 1/2 /2 21/2
" Beach Composition | 3 s/ N2 /11 /)3 3// 1 '36/ ar
- _ | 12 9 | /b 12| /6
SUM OF PRODUCTS o |60 |57 |33 |60 {43 |40 |61 |66 |51
CAPABILITY CLASS - - ' 3 (3|13 2|2(3|u4]|3

Table 10: RESOURCE USE-CAPABILITY RATINGS OF COASTAL
COMPONENTS FOR OUTDOOR RECREATION (DAY USE . - .
AND OVERNIGHT CAMPING FACILITIES)

Key: RW - Relative Weight of Resource Characterlstlcs

————Qualltv of Resources in Component
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on the blogeophy81cal characteristics of the Whatcom county coast Because
of this, uses are not recommended within each component. The caDablllty
» retings} by themselves, pfovide an insufficient baeie-on which to recam-
mend land uses. The ratings do not distinguish between those lend_gses
that "could" take place in a coastal comnonent and fhoee that‘”should"
(Steinitz,>1970). ~The cepability ratings indicate only the inherent poten-
tiel of an anea to produce utilities to_man; As such, the ratings provide
answer to primarily two questions: 1) '"What level of use and productivi-
ty can a coastal cOmnonent be expected to.achieve given'certain-stated_
constraints?"; and, 25 "What are the biophysical conditions limiting
- the use of a coasfal comnonent’ﬁ

There are many other factors that enter into determlnlng the use of
a coastal area.. The decree to which a user S resource requirements may.
be satisfied depends first on the inherent capablllty_of the resource COompo-
nent to supply the reeources as indicated by the capability rating and
- second on the degree to which the component may respond fo theluser*svinpnts'
de31gned to crop or exp101t the natural Droduct ivity of the resources.
Con31deratlon of the second factor is carrled out in the sultablllty and
.fea81blllty types of analy51s designed by Hills (1951), Sultablllty'ls
‘defined:by Hills as a measure of the effort'reduired to bring e‘given
area of land to the level of production whlch it is capable under preValllng:
economic condltlons For example the Sandy P01nt subcomponent is exten—
sively developed for private recreation homes. To brlng it 1nto.use3for
public recreetion would require'tremendous‘efforf to-remoVe homes on,to

purchase public access. Conversely, it would require less effort.to expand
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the étate park fécilitiés at Birch Bay for publin recreation bécause.
of the existing facilities.

anough a consideration of the capability and Suitability’ratings"
. of a coastal component, the feasibility of a component for different
uses can be determined. "Hills tlQBl) defines feasibility as the relative
. advantage of utilizing.anvarea_for a given use in terms of the‘inputs‘
relative to thé‘outputs under existing or projected economic conditions,
Given.the demands projected for waterfront industrial sites and recreation
home sites, most areas displaying camparative capability ratings for these
uses may~be expected to be feésible for deuelopment. The compdnents can
“also be expected to.Come under competitidn fon the different uses; Oyster .
culture, requiring very speCific combinations of resource attributes and
" being in relatively lower economic demand maj not be, at the present time,
a feasible development alternative. On the other hand, given the shortage‘
of food in thé world (Ehrliék, 1971), development of cbastal_cdmponents
of high oyster capanility for altérnative uées which change ifreversibly
_ thé'capability for oyster culture would be a myopic'aution.

Tne final chapter.to this study-éxplores the problem of-feducing
resource use conflicts given the inherent. capability of the resources to
support different uses. Potential resource use conflicts are identified
' through the use of an enVironmental 1Hpact matrix (iable 2) and through
| én examination of the occurrence of_comparatively.high capability ratings
for different‘useS'within each coastal‘component,' The usefulness of the
capability'analysis'in identifying areas of conflict and alternative pat;

- terms of‘allocation is discussed in a conéluding scenario comparing“the
ﬁolicies implied in the bounty-cémprehensive plan with the;altefnatives

generated through the capability analysis.



-CHAPTER FIVE: THE OPPORTUNITIES FOR MULTIPLE USE OF COASTAL ZONE
RESOURCES

MANAGEMENT PROBLEMS

Tt was a recognition of the nature of the biophysical,characteristics
of the coastal resources and the diversity of groups demanding use of
coastal resources which led to the hypothesis for this study:

- Through a process which integrates.fhe evaluation ‘
of biogeophysical characteristics of the resource
base and an assessment of resource use-capability
with an analysis of the resource: requirements of
‘specified users, opportunities may be identified
for allocating land to various users in a way that
- will reduce env1ronmental degradation and resource
-use conflicts.
'The underlying premise of this hypothesis as noted in Chapter One, is that
the ablllty of management 1nst1tutlons to respond to the goals of soc1e*y
to prevent env1ronmental damage and use confllcts depends not only on the’
| nanagement body s legal authonlty, but also upon an apprec1atlon of the
v‘8001al, economic and biophysical characterlstlcs of the coastal zorne.
Subsequently, the synthesis of a resource classification and evaluation
~ technique was accamplished to aid in‘developing an understanding of the |
' technical nature_of the_resouroe useppboblems in the coastal zone.

The USefulness_of‘a coastal reSoﬁrCe'claSSification'andneValuation
technique for coastal zone-management is in idenfifying opportnnifies”to
resolve resource use problems encountered in coastal'zone,managemenf. In.

- general, problems to be confronted in managing coastal resources are of two‘



126

types: 1) conflicfs resulting from the interference by one resource user

in the exploitation of another resource by a second user; and, 2) competirion
for the same resources. This division of resource management problems‘may
‘seem to be rather artificial since each problem reiates to the other. But,
it is useful since different aspects of the social, economic, and biophysical
characteristics of the coastal zone can be more ea81ly related to these pro-
blems than to a general problem stated broadly in terms of either soc1al
equity, economic efficiency or env1ronmental integrity.. Further, these
problems are stated in terms that relate to the dissatisfaction which the
public experiences in attempts to utilize coastal resources. Such dissatis—
faction is manifest in thencomplaints’regarding fhe.lack of access to
beaches, inadequate public facilitiesvfor;coastal recreation, too few areas
preserved for future uses, and the damage done to resources because of..
unrestrained exploitation of their attributes.

To respond to these types of problems in coastal Zone managemenf,.one
must understand their genesis and be aware of the various.component parts
of the problems.‘ Each type of problem'appears to stem.from theflimited
supply of resources available to satisfy a large number of societal groups
representing a diverse range of values'andvfrom'tne biophysical attribntes
of coastal resources ettractiee for a ysriety of uses} The range of velues'
-neld'by gronps interested in usingrcoastal resonrces is represented at -
one end of the spectrum by those groups exp101t1ng spec1f1c resource
: opportunltles and at the Other end by those groups who derive vicarious
enjoyment from know1ng beautlful coastdl areas exi st while never actually

‘using or even visiting them. Because the supply of resources in the coastal -
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zohe is finite and quite limited relative to the potential demand for -
'_varlous uses (U S.A. Department of Interior, 1870), the resources are
‘likely to become the object of severe competition. In terms of achieving
sn_equitable distribution of resources this competition is not always
desirabie.

Coastal resources are highly interreiated through biophysical process.
Thus, use damages to the environment can be widespread and pervasive. This
results in a great oropensity for the activities of one coastal resource
use to‘conflict with the resource requirements of other users. As shown by
Table 11, certain use combinations‘are particularly incompatible. in inter-
preting the'impacts’for potential use_conflicts the'assumptioh has been
made that conflicts result from user activities which either elimihate the
natural resource due-to resource extraction, destroy the utility'of the
resource for other uses by reducing its'naturel quality or by preventing
other users from obtaining access to the resources. The,potential'inter-
use conflict of possible use COmbinationsbis characterized'as’either prohi-
bitive,'restrictive, or s‘nuisance conflict (U;S.A. Department of Interior,
1970). Prohibitive type land-uses are»those which exclude other users'from
enjoyment of the ‘resources because of major modifications to the coastalve
resources, or the building of structures which impede access to the resour-
ces. In most cases the Drohlbltlve use impacts cause. Dermaneht changes
in the resources._ Restrlctlve‘use impacts result from the adverserlmpact
of activities on coastai resources put do not, .in 511 cases, excluoe others>
from using the resources. Water pollutlon 1s an examo e of a Peot“lctlve

impact. The water can be used by others once it 1s_treated or allowed to
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" Table 11: INTER-USE CONFLICTS: SUMMARY OF ENVIRONMENTAL
. : IMPACT MATRIX .

Uses Creating
Impacts .

A. Waterfront -
Industries

B. Residential
Homes

C. Oyster Raft
Culture

D. Public
Recreation

Uses Affected
By Impacts

Residential

Homes
Recreation

Oyster Raft
Culture

waferfront__
Industries
- Public

-
N
w
=

~ Key: Nuisance Conflict —
Restrictive Confliect [FZ3.
Prchibitive Conflict
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cleanse itself. A nuisance type of use cenflict is the least severe of
the three. It indicates inter-use conflicts resulting from use impacts
which are unpleasant or unconfortable for other resource users, but they
are not intolerable. They can, however, require tremendous effort to
overcome in order to create more‘pleasant conditions. The adVeree effect
| of oyster raft cultures on the aesthetic quality of an embayment is coﬁ—

sidered to be this type of conflict.

THE ROLE OF THE RLSOURCE CLASSIFICATION AND EVALUATION TECHNIQUE IN
COASTAL ZONE MANAGEMENT

While coastal resources offef mﬁltiple opportunitiesIfor use and-'
thereby the potential for use conflicts, the reSource-ettributes also pro-
vide the opportunity to de51gn many alternative patterns of use allocation
" based on the inherent ablllty of resources to support different uses.

The allocation of uses to resources in space is only one p0581b1e manage-
ment epproachbto producing a "desirable" dietribution of benefits and cbsts
resulting from the use of_coaetal resourcee; It is, howeyer, a fundamenfal _
approach,to the problem of resource management. As noted by Craiﬁe'(197l)
each attribute of a complex‘of.resources surrounding a body:of watef makes
possible specific uses endvbenefits which represent the potenfial of the
resources. Hence, *the first step to bevfaken inAmahaging.the use ef,'
.resources is "a careful analysis of the resource aftributes.and fhe prebleme.
associated with their use" (Craine, 1970). It should also be noted that the
allocatlon of uses is often the only management technloue that can be applled'

to resolve resource use conflicts and achieve a distribution of resources
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acceptable to fhé diverse groups interested in the consumption of coastal

- resources. This results most‘often.from citizens' unwillingness to.acceﬁt
the risks and uncertainties aséociated with fhe effectiveness of other
management tools?.such as . pollution control fegulations. One'pfime example
wﬁere citizens are often unwillihg to accept a regulatory solution to
conflicts is in locating nuclear power prdducihg plants neaf population
centers or‘popuiar recreation éreas;

A resource classification and evaluation précess ﬁrovides thé-bésis v
for establishing alternative use allocation patterﬁs within a,management
area. Map number 7 displays the possible alternative resource allocation
patterns generated'from the resource classification and evaluation con-.
ducted in Chapter Four. For each coastal édmponent of the study area the
'capability for each of the selécted uses- has been indicated. Table 12
demonstrates several alternative resourcé allocation patterné using only
the first, second ‘and third best uses whiéh’could bé evaluated fof.their.'
suitability and feasibility. | | |

Each pattern of allocafion reVeals‘a particular combination of the
: componeﬁt's poséible multiple uses. Through an analysis'of bothithe
allocation pattérns and user impacts on the resources, the relative poten-
tial or risk of confliéts within the coastal components can be.estéblishedw
Since each capability class (e.g. 1-6) is intended fo'represént only the
inherent abiiity of reSourcés to support different uses, and therefore thé
felativevuse limitations of a resource, the ne%t step is to estimatevthe
distfibutibnal consequences of each use allocation-patterﬁ in terms of‘

l) the nature and incidence of conflicts and, 2) thefcosts in resource



Table 12:'iTHE:CAPABILITY”OF'COMPONENTS'WITHIN*THE'COAST OF WHATCOM COUNTY FOR SELECTED USES

COMPONENT USE
CAPABILITTES
" Component* 1st Class 1st Class 2nd Class 1st Class
Number A B C D 2nd Class - 3rd Class 3rd Class 2nd Class
' - ‘ ' 3rd Class
1 b oou 3 2 D C C D Cc D
2 2 3 3 3 A BCD ABCD ABCD
3 4 2 1 1 BCD CD B BCD
4 1 4 3y A AC c A C
5 hoo3 2 2 CD B BCD BCD
6 3 2 2 2 BCD A ABCD ABCD
7 b 3. 3 3 "BCD BCD BCD
3 5 5 4 4
9 5 4 3 2 D Ke CD CD
Key: ' Capability Ratings: .
: A - Industrial ' : 1 - High :
- B - Residential , 2 - Moderately high
C - Public Recreation 3 - Moderate
- D - Oyster Culture = . . 4 - Moderately low
o 5 - Low .
6 - Very low

* See Map 7

TET
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limitations that aluser would have to incur under different allocation
patferns aimed.at‘reducing_use canflicts. Sorenson (1971) points ouf that
given a capability ahalysis Qf resources tovsupport different uses, use
allocation patterﬁs should be evaluated to determine the relative oppor-
funity costs incurred by individual useré from not locating in‘other
components of the_study area.

These types of cast estimates'in terms of resource limitations shauld
not be confused w1th the sultablllty and fea51b11 ity types of analy81s
It is not possible to conduct either of thesevanalyses without an assess-
ment of the existing resgurcé use'situation,'tﬁe demand for-fesourées,
and the goals and ijectivés of the society concermed with the use of
coastal resources. Special attention should be paid to the distributional
‘ consequencés-of alternative allocation patterns in a feasibility analyais
to deterﬁineuthe relative advantage of each alternative in averting use -

conflicts.

ALTERNATIVE USE ALLOCATIONS AND THE WHATCOM COUNTY
- COMPREHENSIVE PLAN :

The'offigial policies of Whatcaﬁ Counfy regarding;fhe allocation of
land-uses in the coastal area are manifest in the éomﬁrehensive.plaﬁ.
Qstensibly, these policies are basedaonfan analysis of the social, econo-
mic,_political‘and‘biophysical'resourca charaCteristiés of the Cbuntykand'
the goals and ijectives-of tﬁevcitizens. -It is apparent, however, that
a careful analysisqu'the inherent ﬁée ?otential of the resaurcés didi
;ﬁat fbnn the basis of_the Couhty's comprehensivé Dlan. Sechdly; the

County plan does not deal with all types of land uses in the County or
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éll pfospective uses.  Nor is the plan highly specific or rigid.fegarding
the allocation bf laﬁd4uses, .It was designed to-be a tool for guidingvthe;
physical devélopment of the county tovattaiﬁ_the goals and objeétives of
‘_the County,reéidenfs. Thus, it would be possible to modify the plan aﬁd
incorporate into it additional ways of accomplishing the stated goals and
objectives.

Two of the major bbjectives stated in the plan are particularly per-
finent to this study: 1) Cbnservation of reééuréeé; and,-?).Harmony o
of land utilizatioﬁ. IWithArespect fo the conservation of resoUrées,
the policies impiy that the resources are to be used in a way that will
minimize reéourée damageé.resulting in short term benefits froﬁ ﬁheir use.
The second objective to.achieye "harmony of land'utilization” is complemen-
ted With'policies thatvhave specific relevancy to thiS’study. .They are:
lj_maximum compatibility’in the arréngement of uses; and 2) ”récognifion
of the natural limitatioﬁs and felafive suitability'éf land for_vafious
uses." | | | |

These and other related objectiVes form the basié df_tﬁe-cém@rehensive
plah for Whatcom County. Map number 8 shows the.portiQn_of'this plan within
_the study area. TheICOasfal components are also shown to facilitate refer-.
ence between this mép and the capability maps. " |
| Since the comprehensivé plan does,nbt deal~Qith_bystef_cu1turefas a
prospective qqasfal use nor does it identify potential recreafional areas
-outside those'areés alréady.dedicatéd'tovrecreafional usés,.the aﬁthor has
found it necessary to cqnéider alternative.allocétions'of these uses based

on the capability analysis._ These alternatives are compared to the allocaticn
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of ofher uses in the comprehensive plan. Recreation acti&itiee were
not dealt with in the comprehensive plan because of revisions being
made to the-County’e recreation plan.

The most obvious characteristic of thelcomprenensive plan is the
highly segregated nature of the use allocations. Second, the Shoreline
areas are aSsigned largely to. two usese—residential and industrial. While .
this may be a realistic.approach-to solving problems of land-use'conflicté
when the nature of the conflict is prohibitive, it is not apparentpfrom‘
the resource capability and envirormental impact analysis that this isii
necessary or desirable in.Whatcom.County. Thus, it is questionable whe- 1
ther this approach to allocating resource uses is compatible withithe
plan's objectivesvto seek a moderation between the extremes of concen—
“tration of uses and dispersion of‘uses and to seek "optimum long-range
_benefits" from resource use. Further, desires of diverse intereer'éroups
to obtain benefirs from the use of coastal resources are-likely.to'result -
in,strong pressnres'for a multiple use .of resources in the full range of
coastal components despitevthe present plan of use_allocation. Hence;

“the capability and impact analysis are tools that can aid in making the

choice of usee producing the least'conflict and environmental'degradation.
Since the resolution of use 1mpacts is based: largely on-the chOice of
alternative pat+erns of allocation, it stands to reason that the capability'
and impact analysis would prOVide conSiderable insight to the ramifications
'of carrying out the poliCies of the comprehen51ve plan. |

Given that the comprehenSive plan has been developed on the baSis

of social and economic information, including an analySis of Citizen goals.
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and objectives concerning the physical development of the Cbunty,'it
therefore represents the County's first choice pattern of use allocation.
The capability and imﬁact analysis Qill provide the basis fbr:identifying
the range and relative rank of possible alternative patterns, while ihdiQf
cating the kinds of limitations and conflicts associated with pgtential
multiple uses of resources in each component given the allocation'pfovided
in the comprehensive plan. The capability of the components to Support
selected altefnative uses and the potential for multiple uses.in_each:'
éomponent iS‘demonstrated in Table"S; By refering to tﬁe capability analy-
sis conducted in Chapter Four, the major biophysical limitationsAin each

‘ coastal component for each use'cah be ascertained. The environmental.impéct :
analysis provides the basis for‘estimatingvfhe potential conflict associated

with the prospective multiple use allocations.

Residential Uses (Recreation Cottages and Permanent Homes):

In the comprehensive plan,'residential,uses are the most_predominate )
* uses allocated to the coastal zonie. By Superimposing'the'coaétal éompon—
énts over the comprehensive plan (Map 85 one can sée fhat resideﬁtial uses
have been allocated by the Counfy to components - 1, 2, 3,‘5, 65 7, and 8.
(See also Table 13) In each bf these EOmponents_the residenfiai uses
impinge.on-thevestuary—shqre zoﬁef Iﬁ component 5, the o majér sﬁbcom—’
ponents_demonstrating a high éapability‘for recreation uses'aré allécated
residential uses by the comprehensive plan;. (The Sandy Poiht_subcompénent
is alreédy devéloped for residenfial uses while the northwesf shofe éUb—v

component of components is in the process of being "sub-divided.™)
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Table 13: COMPARISON OF THE WHATCOM COUNTY COMPREHENSIVE
“PLAN TO RESOURCE CAPABILITY ANAINVSIS

CAPABILITY ANALYSIS

- Component Comprehensive

Number _ Plan A B C D
1 B, E* 4 n 3 2
2 B, E 2 3 3 3
3 B, E 4 2 1 1
4 A, C, E 1 Iy 3 Iy
5 "B, E, F 4 3 2 2
6 B, E 3 2 . 2 2
7 B, E; F 4 3 3 3
8 B, C, G 5 5 M Iy
9 C 5 4 3 2

Key: . _ o Capability Ratings:

. A -~ Industrial _ o .1 - High
B « Residential B 2 - Moderately hlgh
.C - Public Recreation 3 -~ Moderate
D -~ Oyster Culture b - Moderafely low
E - Rural 5 - Low |
F - Agriculture 6 - Very low
G = Forestry ‘ ' ,

‘These uses were not selected for evaluation 1n this study but
are part of the comprehen51ve plan
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Out of the seven coastal components allocated residential uses in
the comprehensive plan, five of the.components demonstrate either a first,
second, or third class capability for residential uses and components 3,
6, and 9 possess either first or second class capabilities for recreational
uses. The five residential areas are capable of providing desirable -
aesthetic qualities for homes and present few biophyeical-limitationsc
to overcome in the development of home sites. ALl other areas, exeept'
component nine, present severe limitations for reSidential uses and there-
fore could require tremendous effort to service With utilities to protect
both the home: owner and the natural resources from deleterious impacts.
The problem in allocating residential-useS'to all the high capability com-
ponents is-revealed'in considering the alternative uses fof which each of
the five compconents have equal or higher capability ratings. Since the
_distfibution of residential uees constrains other uses of an area, par-
ticularly for outdoor recreation, the county comprehen51ve plan prov1des
few future opportunities for the public to utilize the recreational poten-
tial of the Whatcom County coast. ‘Thus, the County administration will
be confronted with the problem of making ‘a choice between the presently '
planned residential_uees.of severalvareas andtpossible recreational usee
when the recreation element is included.in‘the comprehensive plén. The=}
cost of-alternative'uses,.in tenns of resource Capability‘limitations and
the range of'alternatives for allocating recreational'and;residential useeg--
should be the major considerations in'making_tnis choice. |

It appears that_the-planned allocation of”fesidentiel usee‘toICOmponent
eight can%%ot be supported ffom,a biophysical resource capability view-

point. Component eight received low capability ratings for all four types
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of uses. Since our analysis included only four uses out of a wide range
of possible uses, it is evident that component eight should uhdergo analysis
for a broader range of uses including extensive recreation, preservation

and conservancy types of uses.

Public Recreation Uses. -

While the entire coast hés high capability to suppdrt various kinds of
recreational uses, components l,b2, 3, 4, 5, 6 and S.Are especially attrac--
tive for organized outdoor‘recreationé—an intensive kind bf activity
(Table 12). Each of these areas provides a number of desirable recréation‘
amenities and few biophyéical lﬁnitationé. -Howevef,_each of these .compon-
ents is also attractive for either oyster culture, Qaterfroﬁt industries
ér residéntial uses. - Therefore, the use cohflict_potential'for recreation
is great. The answer td the problem of conflicts is indiéated.by examiﬁing .
the existing distribﬁtiqn of land-uses and altefnative:locafions for
recreation, industrial_and'residentiﬁl'uses. Possible multiple usé_areas-'
include componénfs 3;and 5 fof oyster culture and residential uses, and
compoﬁent 5 féf recreatign énd oystePVCuiture. The multiple uses in‘these
areas -are possible as conajof land uées;_:Expansibn'of ofganizéd public
v recreation facilitiesbin component’ three will be a difficult pianning |
problem.because of the preseht land-use situation. But, because of_the'
high recreation capabilityﬂof»this componeﬁt an attém@t should be made to
minimize conflicfing activities through facility design aﬁd‘regulatofy
measures.J%Recreational values in the othef coastal componehts should also

' be given consideration for limited types of uses, e.g. view points--boat
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launching. As noted pre&iously, component eight represents a special pro-
biem. Although it did not receive a high rating for intensive recréation,
this does not imply that.the component is incapable of supporting dther

types of recreation'activities. Hence, component eight shoﬁld be scrutinized

for its capability to support extensive types of recreation activities.

Oyster Raft Culture

As pointed"out.in'the capability analysis for oyster culture in Chapfer
Four,_?uget Sound and Georgia Strait provide very désirablé conditions for
.commercial oysfer‘cultﬁre. Thus, there are many alternative locations for
this usé‘should it‘come into great demand. However, by allowiﬁg'shorelines
to be developed for other uses,‘opportunities for oyster culture'couid be
éubstantially reduced, especialiy if the shorieline development activities
are.not regulated to protect intertidal areés froﬁ damage and if the shore-
liné uses are.prohiﬁitive‘or.highly restrictive in felatiohship tdroyster
culture,: Degradation of views and conflict with ﬁavigation afé'tWO of the
ﬁajor_problems associated with'oysfer raft culture'operationé; )

Ali areas except components four and eight are rated within the highest
three capability élasses for oystér raft culture'operatioﬁs; - The rating
éf éomponenté three, five, -six, aﬁd nine -in the tbp two- classes provides
a wide range of opportunitiés.to avoid conflicts.wifh other useé in the
sfudy area. ‘Unfortunately; becaUse'of-fhe ubigquitous diéfributicn Qf
residential uses in the'compréhensiVe_plan, this will be difficult fO'achieve
if that plan comes to fruiticn. |

Component nine appears to provide the best opportunity to provide for
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future oyster raft culture operations. Moreover, its designation as a
recreation area in the comprehensive plan is less.likely to foreclose the

option of oyster raft culture in the future.

Waterfront Industries

.Nearly perfect'agreement'exists between the caDability analysis
and the County plan allocation of industrial uses to comoonent four This
component has a high capability to support industrial activities and does
not present great opDortunities for the other uses analyzed in this study
which could create conflict situations. Further, the alternativevto com-
ponent four, component six, is less desirable for industry since it also
offers developmenf opportunities for recreation and oyster culture.
| Opportunities for other uses in oomponent four are limited_by several
factors. Although the view of Georgia Strait from fhis component ie magni-
ficent, the topographic characteristics do not provide many occasions_fo
§iew‘fhe Strait unless one is nearly at the edgerof the bluffs overlooking
the shore Second. the-beach.area is exfremely.inaccessible throughout the
component because of the steep shoreline cliffs. EUrther the eaeily |
erodible character of these cliffs represents a safety limitation to most
uses unable to avert the risk by constructing protective structuresﬁ-'Fin—
'ally,.at.high tide;'many of the beach areas are completely covered to the”
cliff edge making them undesirable for intensiVe‘types of recreation acti-
vities.

vThe ﬁajor»considerations'in locating naferfront'indusfry in this

component or the County are: 1) the possibility of deleterious industrial
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impacts spilling over to other compoﬁénts and éffecting the viability of
those components for other uses; and, 2) the desirability of committing
this‘area td an irreversible use when the questioﬁ of alldcating any

bpart of Puget Sound to new waterfront industrial uses is largely_unéettled_
at this time. If the Puget Sound area becomes the trans—shipment center
for North Slope oil-the impact of industrial'and shippingtfécilities
deyelopment will certainly féquiré a tfémendoﬁs'éoordination effort to
_preveﬁt a hodge-podge development of industrial developméﬁt in the,locé—

 tions most convenient to the industries.

" Present land Use_.

The present land use of Whatcom County s coast has resulted largely:
from the workifhgs of the prlvate market dlstorted by the 1nf1uence of-
unrelated government policies (See Map 9. vThe_vatue of ch51der1ng the
éxisting resource use situation in a resource claSSificatidn and'caﬁability
banalysis-is to obsérve hbw tﬁe private market allocation of reSources |
reallzes the caDablllty of. regources to support alternatlve uses.

Thére are few areas of coastal land outside the Lumml Indlan reser-
kvatlon that are not e%perienc1ng res’dentlal and 1ndustr1al development'v
pressures. ThlS is creatlng S 51tuatlor of 11m1t1ng opportunltlas for |
alternatlve uses of the coast in thc future, partlcularly fo“ oyster
culture.anq publlc recreation.. |

| .The.greatest contradiction to allocating-coastal.resourqés on tﬁe

basis of their inherent capability is in component five-ééontaining_
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Sandy Point, Lummni Bay and the Lummi River delta. Presently, the Sandyl
Point and Northwest shore subcomponents in component five are devoted to
residential usee (recreational cottages and permanent homes). The Lummi
River delta is in agricultnral uses and Lurmi Bay.ie being developed for
oyster raft.culture operations. The East shore subcomponent.is in rUral;_
nonfarm and some.undevelopeo recreational uses. The use conflict in_this
comporent exists largely between the resioential'uses‘and.the emerging oyster:
- cnlture operations. ‘Additionally, the possibility of developing nublic
recreation facilities in this»component hes been, for the most part,
eliminated by residential»deyelopments.. |

On the basis of the.capability anelyses it would have been poSsible~prior
to the preSent development situation to accommodate oyster culture, public"
recreatlon and re51dent1al uses in component flve - The comDonent'is reted
high for both recreation and oyster culture and moderate for re51dent1a1
uses. Within the component the Sandy P01nt and eastshore subcomponents
have high capablllty to support recreation uses. The Northwest shore sub-
component-has moderate capablllty to support re51dentia1 uses and therLummi
River delta and adjacent estuary—shore subcomponents have hlch capablllty
to supoort oyster culture operatlons Use of each of these subcomponents
on the basis of their hlghest caDablllty would have minimized use conflicts,
in particular, allow1ng public recreational ectlvltleS“to take place,ln
the‘comnonent; Use of the Northwest ehore subcomponent fortresidential
ectivities‘would not have prohibited the use of Sandy Point for recreation—— )
its highest'rated use. Oyster culture operations would continue to create 
nuisance conoitione to some asnects (e.g. vieming and boating) of recreation

and residential activities. on the other hand, it Dreoents an eoucatlonal
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oppoftunity to observe a unique and interesting csmmercial operation.,

.In comparing the present resource use situation with the’éomprehen—
sive plan it appears that the County planning authorities have genersusly
accommodated the-existing development interests in the coastal area. Exami-
nation of the County plans fof intensive and extensive recreation and
aquaculture operations would be needed to confirm this. While it is
troublescme to note that many opportunities to provide a diyersity of uses
in the coastal drea have been eliminated by a lack of planning.and fore-
sight in tne past, it is disturbing to note that present plans are unlikely
to prevent. current uses from co-opting nearly all areas within the coastal

" zone to the exclusion of other socially beneficial uses.

CONCLUSIONS AND RECOMMENDATIONS

The study has provided indirect evidence that the use of a resource .
’ cla551f1catlon and capablllty analy51s can be an aid to redu01ng damages

to the- environment: and confllcts ass001ated with the use of coastal re-
sources. The 1dent1f1catlon of alternative patterns of resource use

and the cost of those alternatives in terms’ef.biophysiesl limitations prb—
vides the bases for accomplishing thesevtwo objectives. Further, 1t has
been demonstrated that the resource bsse of Whatcom County creates a
greater opportunity to achieve,multiple uses of coastal resources than

was evident in the comprehensive plan. -This is a.significant accémplish—"
ment of the capability enalvsis, given that coastal resource management
must atteth to produce a mixture of goods for publlc consuthlon It
.jwndlcates that a broader range of 1nLerests coqu be 1ncluded ln the dlstrl— ‘

. butlon'of“beneflts from the use of ccastal resources.
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Brosdef epplieations of the classification and resource capebility
enalysis have been indicated‘te the author from this study. - In particular,
by characterizing the nature of problems associated with alternative pat-
'terns of use, managemeﬁt institutions will be better able to evaluete
strategies for intervening in the process of convertiﬁg coastal resources
fof human use. While elternative strategies of controlliﬁg the iocation
of uses is represented by the alternative allocation patterns, other
management strategies will also be needed to ensure that the limitatioﬁs
of coastal resources are included in private decisions to. engage in using
coastal resources. If we accept Craine's (1971) proposition that the use
‘of coastél-resources should be viewed as a production fuhction, then, by
identifying limiting factors which prevent resources fram being brought
into desirable uses it will be possible to design ways of regulating indi-
vidual behavior with respect to these limiting factors. In other words,
the capability analysis.is a prerequisife tQ.answering the.question of
the most desirable way to utiiiZe resources to produce public goods that
wili satisfy society's current preferences and values. In summary, the
greatest confribution of this type of ahalysis to managing coastal resour-
ces is in defining the neture of'pfespective use probleﬁs that will affect
the use of different types ofbmanagement‘strategies ehd the design‘of insti-
'tutions capable of carrying out those stfategies. |

The physiographic faetors used in this study to establish thevcoastal
categories provided a useful but limited foundatiqn for,éarryinglout
ecological considerations of resource capability'and user imsacts., Future‘.

development of the classification scheme should concentrate on incorporating,
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more fully, the ecoloolcal concepts and detail dlscussed in Chapter Two.
This would reguire more accurate and complete 1nformatlon than was avail-
able for this study, especlally regarding physical oceanographlc processes,
marine and shore vegetation, beach forming processes, and wildlife distri-
bution and productivity. In an.attempt to acquaint one's self with the
~ technical problems involved in coastal resource management, the need to
interpret the implications of highly technical and scientific studies fof
planning became obvious. Hence,van interdisciolinary approach to carrying
out the classification and analyeis of coastal resources is recommended.
The success of such an approach will of course depend on the abilityiof
 the generalist planner to coordinate research and-epecial studies of coastal
resources with emphasis placed on'providing the overall framework for
llncorporatlng this ~nformatlon 1nto the coaatal zone management decision '
process—-whether it be controlled locally, reglonally, or natlonally
In addition to 1nformatlon,requ1red on the natural resources, it is con-
cluded that successful application ofvthe‘capability analysis will requife
'greater.khowledge fegarding the'fesource requirements of prospectivefueersl.I
and the values and preferences of the groups 1nterested 1n the use or
preservatlon of the ccastal zone. |

Within the limited resource context whlchbthis study was conducted,
thevpractical application and usefulness of the resoufce classification'
and‘analysis'was demonstrated, .It is,'howeyer, important to note that |
whlle’tﬁis”kind of analysis can lead to the desired_allocation of resoUrces .
-at the local 1evel,.it could result iﬁ local decision—makers beingemisled

into committing resources to uses for which there is no demand or vice
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versa. Consequently, it is recommended that an approach integrating

the analysis of resource characteristics with user resource requiréments be’
carried out in a broader context inclusive of the total supply and demand
of coastal resources. Consideration of the whole to which‘any specific
resource belongs will enable society to optimize the use of resources
beyond that which could be éccomplishcd from a local perspective. Finally,
it is only within the broadér context of resource cse that all linkages.
between management institutions can Be established iﬁ_order to effectively

unify the management of coastal resource uses for society's benefit.
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