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Port Townsend/Oak Bay Sub-Region 
 

Sub-Region Summary 
 
Geographic Location 
 
The Port Townsend/Oak Bay sub-region includes Indian and Marrowstone islands, and 
extends from a divergence zone west of McCurdy Point along the Strait to a divergence 
zone located in the south part of Oak Bay, west of Olele Point (Figure 1). 
 
Geology and Shoreline Sediment Drift 
 
The coastal geology of the Port Townsend/Oak Bay sub-region is characterized mainly 
by glacially-derived material, with the largest contiguous segments being glacial till.  
Less common glacial components occur as outwash and advance outwash, and 
glaciolacustrine deposits.  Peat deposits occur at a number of locations associated with 
coastal marshes, including Kah Tai Lagoon, Glen Cove, and at Kala Point.   Beach 
deposits occur at the numerous spits in the sub-region, while the lower reach of 
Chimacum Creek contains the only notable alluvium.  Marine sedimentary rock is present 
along the south part of Port Townsend Bay and west shore of Oak Bay, where a fairly 
significant component of Quimper Sandstone occurs, and on the mid-south regions of 
Indian and Marrowstone islands, the Scow Bay Sandstone (Pessl et al. 1989).   
 
Owing to the numerous embayments that provide relative protection from wind-generated 
wave action and the complexity of currents within the bays and around Marrowstone 
Island in Admiralty Inlet, the compass directions of net shoreline sediment drift can vary 
considerably in this sub-region (Figure 1). 
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Figure 1.  Port Townsend/Oak Bay sub-region, including habitat complexes and net 
shore sediment drift (WDOE 2002, based on Keuler 1988).  Divergence zones 
marking the boundaries of the sub-region are located just off the map near 
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McCurdy Point to the west of Point Wilson, and at the southern part of Oak Bay to 
the south.  Legend items DZ = “divergence zone”, NAD = “no appreciable drift”, 
UN = “unknown”, LtoR = “left-to-right”, and RtoL = “right-to-left” (from the 
perspective of someone in a boat and facing the land). 
 
Information Sources (see Appendix A for details) 
 

• 1854 Hydrography (“H sheet”) 
• 1856, 1871, 1872, 1891, 1915, 1937 T sheets 
• 1858 GLO survey notes 
• USGS topographic maps 
• 1942, 1957, 2000, 2003, 2004 vertical air photos 
• 1977, 1994, 2001 oblique air photos (WDOE on-line series) 

 
The following narrative often refers to specific figures embedded in the text that have 
been imported from the listed information sources.  Sometimes the narrative may simply 
cite one of these sources.  In the latter case, the reader may choose to access the cited 
information source for first hand information. 
 
Description of Sub-region Habitat Complexes 
 
We identified 27 habitat complexes in the Port Townsend/Oak Bay sub-region, only one 
of which is considered a stream-delta type (the Chimacum Creek complex).  The other 26 
complexes are of the spit/marsh type.  Ten of the complexes were historically greater 
than 10 hectares in size, with the three largest complexes being the Kah Tai Lagoon, Glen 
Cove, and Little Oak Bay habitat complexes, all historically larger than 40 hectares 
(Figure 2).  Cumulatively, the total amount of marsh and lagoon habitat in the sub-region 
was reduced between historical and present time from 146 to 95 hectares (35% decrease).  
The following descriptions of the individual habitat complexes provide details of habitat 
changes.  Summary information for individual habitat complexes in the Port 
Townsend/Oak Bay sub-region can also be found in Appendix A, Table 11. 
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Figure 2.  Historical scale of habitat complexes in the Port Townsend/Oak Bay sub-
region, in ascending order.  The blue column represents the only stream-delta 
complex in the sub-region, Chimacum Creek.  Scale was determined by summing 
the area of tidal flat, spit, tidal marsh, channel, and lagoon habitat features in each 
complex, based on the early T sheet delineations. 
 

Stream Delta Complexes 
 
Chimacum Creek is the only stream-delta complex in the sub-region, with tidal marsh, 
channel, and tidal flat habitat making up about 23 hectares.  The most significant habitat 
change is the loss of intertidal beach habitat, a historical spit, and a small lagoon to 
industrial filling along the right bank at the mouth and immediately south.   Much of this 
filling appears to have taken place by 1915.  A restoration project to remove most of this 
fill was in progress in early Spring 2006.  Minimal habitat changes are apparent within 
the creek’s narrow tidal embayment.   
 

Spit/marsh Complexes 
 
Spit/marsh complexes in the Port Townsend/Oak Bay sub-region vary considerably in 
scale (Figure 2) and formation.  Several occur at points and are cusp-shaped or re-curved 
spits, such as Point Wilson, Point Hudson, Walan Point, and Marrowstone Point (Figure 
1).  Others show more dominant net shore drift from one direction and develop tidal 
lagoons such as at Hadlock Lagoon.  A number of spit/marsh complexes are backshore 
depressions formed by glaciers, the largest occurring at Kah Tai Lagoon and Glen Cove.  
Two complexes form isthmuses – Little Oak Bay Lagoon between the mainland and 
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Indian Island, and Scow Bay Marsh between Indian and Marrowstone islands.  
Cumulatively, the amount of tidal wetland habitat (i.e., marsh and lagoon) associated 
with spit/marsh complexes in the sub-region has decreased from 139 ha to 87 ha (Figures 
3 and 4).  
 
The degree of surface water connectivity between marsh and lagoon habitats associated 
with a spit/marsh complex and its adjacent open waters, and the presence of freshwater 
inputs can have important implications for the potential use of these habitats by juvenile 
salmonids.  The degree of surface water connectivity influences whether or how often 
fish are able to access these relatively protective habitats; and the presence and quantity 
of freshwater input to a spit/marsh complex influences the salinity level.  This can be 
critical in facilitating the osmoregulatory changes required of juvenile salmonids 
transitioning from freshwater to saltwater environments.  Recognizing the importance of 
these factors, the following discussion is framed around the distribution and historical 
and current status of spit/marsh complexes in the sub-region.   
 
At least 15 of the 26 spit/marsh complexes in the sub-region showed evidence in the 
earliest maps of supporting a surface water connection with the adjacent open waters 
(Figure 5).  A surface connection still occurs at 12 of these 15 complexes, and no longer 
occurs at three of the complexes (Crane Point, Long Spit, and the Hadlock Marsh), where 
a substantial to complete loss of tidal marsh and lagoon habitat has occurred.  The Kala 
Point complex currently has a strong tidal channel connection, though historically there is 
some uncertainty about the existence of such a connection and how it was formed (i.e., 
natural process, artificial, natural/artificial combination).  Therefore, if you subtract all of 
the historical tidal wetland habitat available in the three complexes where a surface 
connection has been lost, and add the nearly 7 ha of marsh and lagoon habitat at the Kala 
Point complex, the net change in the amount of tidally-accessible marsh and lagoon 
habitat associated with spit/marsh complexes in the sub-region has not changed from the 
historically accessible 50 hectares.  However, this simple comparison of historical 
changes in surface water connectivity obscures the importance of changes in the overall 
habitat connectivity affecting at least two complexes, Little Oak Bay Lagoon and Scow 
Bay Marsh.  In the early 1900s, both of these complexes were directly impacted resulting 
in the impairment of tidal connectivity.  The Little Oak Bay Lagoon complex was 
historically open to the north (to Port Townsend Bay) along an extensive (36 ha) tide flat.  
A canal was dredged through this tide flat and the spit that formed the isthmus between 
the mainland and Indian Island at the south.  Dredge spoils were placed along the west 
bank in the former tide flat, which became converted to either upland, deepwater, or tidal 
marsh and lagoon habitat.  The marsh and lagoon habitat that exists today at Little Oak 
Bay Lagoon has been available to the tides when breaches of the spit occur (as happened 
in late December 2003, and has since enlarged during storm surges in early 2006).  
Approximately 36 ha of tide flat habitat was lost, and a major disruption and loss of 
connectivity resulted from this navigation improvement project.  At the Scow Bay Marsh 
complex, a surface channel historically connected Admiralty Inlet and Scow Bay-Kilisut 
Harbor.  When a road causeway was put in place in the early 1900s, the south connection 
became closed off likely due to a decrease in tidal prism and tidal energy in response to 
the constriction and fill created by the road causeway. 
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Freshwater inputs are known to occur at five of the 15 habitat complexes that historically 
showed a surface water connection (Figure 5).  However, at one of these five complexes, 
Little Oak Bay Lagoon, the small stream that once entered the lagoon, Little Goose 
Creek, has been diverted to the south and now enters Oak Bay independently of the 
complex.  Therefore, of the 13 habitat complexes that currently have a surface water 
connection, five complexes have known freshwater inputs (Kala Point, Hadlock Lagoon, 
South Indian Lagoon, Mystery Bay Lagoons, and South Mystery Bay).  The net historical 
change in the amount of tidally-accessible marsh and lagoon habitat associated with 
spit/marsh complexes with known freshwater inputs shows an increase from 13 to 17 
hectares.       
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Figure 3.  Historical changes to tidal marsh and lagoon habitat associated with 
habitat complexes in the Port Townsend/Oak Bay sub-region that historically 
showed evidence of a surface water connection with adjacent open waters.  We 
included habitat changes to the Chimacum Creek complex as well.  The Kala Point 
complex may not have supported such a surface connection prior to Euro-American 
manipulation.  Lagoon habitat from the Hadlock Marsh, Fawkes Spit, and 
Nordland Marsh complexes are omitted because they are each less than 0.1 ha in 
size. 
 
Of the ten habitat complexes that historically did not have a surface water connection, the 
cumulative changes in the amount of marsh and lagoon habitat show a reduction from 89 
to 34 hectares (Figure 4).  Some of these complexes are among the largest in the sub-
region, and have received substantial to complete losses of former lagoon and marsh 
habitat, including Point Hudson, Kah Tai Lagoon and Glen Cove. 
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Figure 4.  Historical changes to tidal marsh and lagoon habitat features associated 
with habitat complexes that did not show historical surface connection with 
adjacent open waters.  The current day “lagoon” habitat at Point Hudson (Port 
Townsend) is a dredged marina.  No historical tidal wetland is indicated at the Sand 
Point habitat complex because the T sheet did not indicate any salt marsh at the 
spit.  The Kala Point habitat complex is shown in Figure 3 above though it is 
uncertain whether historically (i.e., pre-Euro-American influence) a surface 
connection existed between the marsh and adjacent nearshore waters as one exists 
today.  The East Beach Spit complex is omitted because there is no record of it 
supporting marsh or lagoon habitat.       
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Figure 5.  Spit/marsh habitat complexes of the Port Townsend/Oak Bay sub-region, 
including the complex scale, historical and current day status of surface water 
connectivity with adjacent open waters, and freshwater inputs.  A surface 
connection occurs today at Kala Point, though historically there is question whether 
a connection existed. 
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Habitat Changes and Impairment of Ecological Processes 
 
The dominant physical processes responsible for the formation and maintenance of 
stream-delta and spit/marsh habitat complexes are fluvial (predominant in stream-deltas), 
wave (predominant in spit/marshes), and tidal (can occur in both stream-delta and 
spit/marsh complexes) processes.  Changes to habitat structure can often be attributed to 
alterations in one or more of these physical processes. 
 
The most obvious habitat changes observed in the Chimacum Creek stream-delta 
complex are the result of direct alterations affecting wave and tidal processes at the 
mouth and along the beach immediately south of the creek mouth where fill was placed 
in the early 1900s.  Historically, the spit and tiny lagoon that occurred at the mouth of 
Chimacum Creek were also filled over.  Much of this fill was in the process of being 
removed during early Spring 2006 as a restoration project.  Upstream watershed and 
fluvial processes, particularly modifications to sediment and hydrology, may also affect 
habitat characteristics within the narrow embayment estuary of Chimacum Creek, though 
these impacts are less apparent from this analysis. 
 
Many of the spit/marsh complexes have been directly modified by fill, affecting tidal 
erosion and wave deposition at the spits.  Point Hudson (Port Townsend), Kah Tai 
Lagoon, Glen Cove, Little Oak Bay Lagoon, Crane Point, Nordland Marsh, and the Long 
Spit habitat complexes have been severely impacted or entirely lost due to direct 
conversion of tidal wetland habitat to urban and industrial landscapes.   
 
Other modifications are somewhat less obvious, but often carry important consequences 
in terms of the stability of spit features and tidal exchange.  For example, the historically 
narrow spit features at the Northeast Indian Spit complex, have apparently been eroded 
away during the past 30-50 years.  The cause is unclear, but may be related to filling at 
the origin of the spits and/or erosion of Long Spit to the immediate north that may have 
provided a buffer against high wave energy in historical times, and with its breaching has 
allowed for increased wave energy from Admiralty Inlet.  The Scow Bay Marsh complex 
that forms the isthmus between Indian and Marrowstone islands has also been impaired 
in a slightly more subtle way.  The causeway built in the early 1900s across the marsh 
and channels has reduced tidal exchange, causing the southern channel connection to Oak 
Bay to close off. 
 
The Point Wilson spit has moved to the southeast since the earliest map in the mid 1800s.  
Aside from the loss of a backshore lagoon and fragmentation of native grassland and 
other spit vegetation and dune habitat, sediment transport and deposition is currently 
impaired along the north shore and at the tip of the spit by rock revetments designed to 
protect a parking lot and a 1913 lighthouse, and by a dock and boat basin along the south 
shore of the spit that clearly obstructs the transport of sediment to the north. 
 
Indirect modifications to spit/marsh complexes typically occur because of disruption of 
sediment delivery and/or transport affecting the supply to the spit.  Probably the most 
heavily modified shoreline in the sub-region occurs in the south-to-north drift cell from 
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Glen Cove to Point Hudson (Port Townsend), affecting sediment processes particularly at 
the Kah Tai and Point Hudson habitat complexes, which have been almost entirely 
urbanized.  Other shorelines, such as between the Chimacum Creek and Hadlock Lagoon 
complexes, between Crane Point and Walan Point along the west shore of Indian Island, 
immediately east of Scow Bay at the south end of Marrowstone Island, and in Mystery 
Bay, are also heavily bulkheaded or filled in places, though to a lesser degree than along 
the drift cell affecting Kah Tai and Point Hudson.  On the other hand, there are very few 
shoreline modifications along many of the shorelines in the sub-region, such as the north 
and east shores of both Indian and Marrowstone islands, between Glen Cove and Kala 
Point, and west of Point Wilson along the Strait.   
 
Relative Condition of Habitat Complexes 
 
Based on the percentage of historical tidal wetland habitat (i.e., tidal marsh, channel, 
lagoon, and spit) lost and the degree of overall impairment to connectivity within habitat 
complexes, a “relative condition” rating was applied to 26 of the 27 complexes (Table 1 
and Figure 6 shows the spatial distribution, for a more complete description of the 
methodology for applying the relative condition rating, see the Methodology section).  
Historical information was not adequate to apply a relative condition rating to the East 
Beach Spit complex on the eastern shoreline of Marrowstone Island. 
 
Table 1.  Relative condition of habitat complexes in the Port Townsend/Oak Bay 
sub-region.  

Functional Moderately 
Impaired 

Severely Impaired Lost Not 
Rated 

Kala Point 
Hadlock Marsh 
Fawkes Marsh 
Fawkes Spit 
Kettle Marsh 
Sand Point 
S. Indian Lagoon 

Chimacum Creek 
Hadlock Lagoon 
Walan Point 
Bishops Point 
SE Indian Marsh 
Scow Bay Marsh 
So. Mystery Bay 
Myst.Bay lagoons 
Ditch Marsh 
Marrowstone Pt. 

Point Wilson 
Kah Tai Lagoon 
Glen Cove 
NE Indian Spit 
Long Spit 
Little Oak Bay lag. 

Point Hudson 
Crane Point 
Nordland 

E. Beach 

  
Of the 26 rated habitat complexes, 17 are considered either “functional” or “moderately 
impaired”.  Six complexes are “severely impaired”, including several of the largest in the 
sub-region, and three are considered “lost” [Point Hudson (Port Townsend), Crane Point, 
and Nordland Marsh] as virtually all of the historical marsh, lagoon, and spit habitat has 
been filled or developed over. 
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Figure 6.  Relative condition of habitat complexes in the Port Townsend/Oak Bay 
sub-region. 
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Management Recommendations 
 
The Hood Canal Coordinating Council (HCCC) has developed a conservation strategy 
and project list for the Hood Canal/west Admiralty Inlet (HCCC 2004) region to address 
implementation of salmon habitat recovery actions.  This strategy drew heavily on 
recommendations from the Limiting Factors Analysis (LFA) report completed for Water 
Resource Inventory Area (WRIA) 17 (see Correa 2002).  In addition, recovery plans have 
been drafted for ESA-listed Hood Canal/Eastern Strait summer chum (HCCC 2005), and 
Dungeness, Elwha, Hood Canal Chinook salmon populations (Shared Strategy 
Development Committee 2005; http://www.sharedsalmonstrategy.org/plan/).  These 
recovery plans include specific actions, including habitat protection and restoration, 
intended to help recover the listed populations.  We encourage the reader to consult these 
documents.  Also, in Appendix A, Tables 18 - 31 of this report, we provide summary 
information describing individual habitat complexes according to several factors 
potentially used in consideration of habitat protection and restoration decisions. 
 
Our recommendations focus on the protection and restoration of tidal wetland habitat, 
and the connectivity of these habitats, by addressing the protection and recovery of the 
underlying processes responsible in the formation, maintenance, and natural evolution of 
these habitats – namely fluvial, littoral, and tidal processes. 
 
In considering habitat protection associated with spit/marsh complexes, or of stream-delta 
complexes that possess longshore depositional features such as spits, the implication is 
that not only should the spit and associated tidal wetland habitats receive protection, but 
the drift cell processes that contribute sediment to these spits need to be adequately 
preserved.  Similarly, protection of tidal wetland and other habitats associated with 
stream-delta complexes, requires that watershed and fluvial processes, including 
floodplain/riparian function, be a priority for protection.  The same logic applies to 
stream-delta and spit/marsh complexes that we have identified from this analysis as good 
candidates for restoration action.  For example, it would not be prudent to carry out 
restoration of salt marsh habitat through dike removal while simultaneously (or in the 
future) allowing for bulkhead construction or other shoreline development to occur up-
drift that potentially disrupts sediment supply to the spit that is associated with the salt 
marsh.  Nor would it be sensible to remove fill within an estuary but continue to permit 
floodplain development and encroachment on riparian corridors that potentially affects 
hydrology and sediment/organic transport processes, ultimately having negative effects 
on estuarine habitat formation. 
 
Based on our analysis, the greatest gains in terms of direct benefits to salmonids would be 
through restoration actions in the following habitat complexes, in no particular order: 

 
• Little Oak Bay Lagoon (i.e., removal of old dredge spoils from current day tidal 

marsh, and armor/fill at the beach along the spit)  
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• Scow Bay Marsh (i.e., broadening the tidal opening below the road causeway to 
increase tidal exchange in the marsh)  

• Long Spit (i.e., removal of fill at Fort Flagler campsites to re-establish tidal 
wetland habitat, and removal of at least one boat launch, preferably along the 
north beach).   

 
Other restoration actions could provide direct or indirect benefits to salmonids at Point 
Wilson (i.e., removal of riprap fill associated with the lighthouse and parking lot along 
the north beach), Glen Cove Lagoon, Northeast Indian Spit, Ditch Marsh, South Mystery 
Bay (i.e., broadening of tidal opening under road fill), Marrowstone Point (i.e., removal 
of riprap fill along north beach), and East Beach Spit (i.e., removal or setback of parking 
lot fill along accretion beach.   
 
Several complexes might be excellent candidates for habitat protection, including 
Chimacum Creek (which recently had substantial amount of intertidal fill removed just 
south of the mouth of the tidal embayment), Kala Point, South Indian Lagoon, and the 
smaller Fawkes Marsh, Fawkes Spit, and Kettle Marsh complexes along the east shore of 
Indian Island.  One of the most effective means to protect these spit/marsh complexes 
over the long-term is to ensure that sediment (i.e., sediment sources, transport, and 
deposition) and riparian processes remain intact, or become restored if currently 
impaired, in the drift cells affecting these complexes.   
 
Meaningful restoration might be particularly difficult at other heavily urbanized sites 
such as at Point Hudson (Port Townsend), Kah Tai Lagoon, Crane Point, and the tiny 
Nordland Marsh complex in Mystery Bay.  These habitat complexes have been 
completely altered and recovery would require the removal of massive infrastructure, 
with the possible exception of the tiny former Nordland Marsh in Mystery Bay. 
 

Habitat Complex Narratives 
 
The following narratives provide more detailed information on historical habitat changes 
to individual habitat complexes in the Port Townsend/Oak Bay sub-region.  The sequence 
of the narratives begins at Point Wilson in the northwest part of the sub-region and 
proceeds along the west shoreline of Port Townsend Bay, then progresses north from the 
southwest shore of Indian Island (Figure 1).  The narratives continue along the east shore 
of Indian Island moving south to Scow Bay before progressing north again along the west 
shore of Marrowstone Island, including Mystery Bay.  They continue along the east shore 
of Marrowstone moving south and then to the west finishing at Oak Bay Lagoon. 
   
Habitat Complex:  Point Wilson 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The Point Wilson habitat complex is a cuspate spit that receives sediment from the west 
near McCurdy Point and from the south toward Port Townsend Bay (Figure 1).  The 1856 
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T sheet shows the Point Wilson spit to have once included a small lagoon and apparently 
pine-covered sand dunes along the north side with much of the spit being wooded 
grassland further from the shoreline (Figure 7).  The July 1858 GLO notes described this 
north beach as “sandy” (Trutch 1858).  The historical record does not support the notion 
of a surface water connection between the historical lagoon and the adjacent open waters 
and no freshwater stream inputs are known to exist at this spit. 
 
Description of Historical Habitat Changes   
 
The spit and surrounding uplands have been the site of intensive use by Euro-Americans 
during the past 150 years.  The original lighthouse was built at the tip of the spit in about 
1857, and by the late 1800s, the U.S. military established a base (Fort Worden) at the spit 
and along the uplands surrounding the spit.  The military base is now Fort Worden State 
Park. 
 
The 1891 T and H sheet indicates the intent to plat and develop a town-site on the spit.  It 
is likely that the Spanish-American War later in the decade put an end to those plans, and 
the spit and immediate uplands surrounding the spit were then developed as a military 
base.  With military occupation, vegetation patterns at Point Wilson were altered by the 
construction of bunkers, a road network, and various buildings.  For example, the small 
lagoon (0.65 ha), present at the time of the 1856 T sheet, has been reduced to a tiny 
marsh adjacent to the State Park auto campground.   
 
Two issues involving sediment processes have received considerable attention in recent 
decades.  One is the disruption of sediment transport and blockage of fish movement by a 
pier and boat basin located along the south shore of the spit (Berger/ABAM 1994).  The 
other issue concerns erosion of the north shore of the spit and the threat to the existing 
lighthouse structure that has been in place since about 1913, and a State Parks parking lot 
and day use area.  This subject has been addressed by several studies (Bauer 1986; Bauer 
1991; Berger/ABAM 1994).  As the north shoreline erodes and has crept nearer the 
lighthouse and associated structures, various revetments have been constructed in an 
attempt to avoid damage to the structures.  In September 2005, the U.S. Coast Guard, 
which owns the lighthouse, ordered a complete armoring with massive rock at the end of 
the spit as a protection measure for the lighthouse.  The erosion of the north shore is a 
symptom of a southeasterly movement of the spit, which is occurring because the steep 
bluffs that feed the spit from the west are receding and the spit is simply mirroring the 
bluffs’ southward movement (Figure 8).  The spit movement, perceived as erosion along 
the north shore, has long been a risk to the existing lighthouse structure, and apparently 
prompted the movement of the original lighthouse in 1913.  This is an on-going and 
sometimes contentious issue involving the Coast Guard, State Parks, WDFW, historical 
preservation community, and others.  Armoring of the spit near the location of the 
lighthouse and in front of a State Parks parking lot, west of the lighthouse, may be 
accelerating erosion adjacent to the armored sections.  This armoring has resulted in the 
direct filling of the upper intertidal zone impacting a habitat documented for its use by 
surf smelt, Hypomesus pretiosis, for spawning (Long et al. 2005).  To understand how 
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rapidly the north shore of the spit is eroding, an intensive time-series analysis of shoreline 
movement in recent decades at this spit is needed. 
 

 
Figure 7.  1856 T sheet (top) and 2003 WDNR air photo (bottom) of the Point 
Wilson habitat complex.  Note the lagoon feature near the base of the spit and dunes 
along the north shore of the spit in 1856.  Thin dark lines overlaid on the recent 
image indicate the approximate high tide line in 1856 in relation to the current day 
high tide line, illustrating considerable southeast movement of the spit during the 
past 150 years, with erosion occurring along the north shore and sediment accretion 
along much of the east shore of the spit. 
 
In addition to the bulkheading along portions of the north shore of the spit (the spit itself 
is about 18% bulkheaded according to Hirschi et al. 2003), a pier complex near the base 
of the spit clearly obstructs the transport of sediment toward the tip of the spit 
(Berger/ABAM 1994, Figure 8).  Bulkheading to the west of Point Wilson (including the 
divergence zone west of McCurdy Point) makes up just 4.4% of the shoreline, and 
shoreline modifications between Point Wilson and Point Hudson are minimal except at 
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Point Hudson (based on review of 2001 WDOE oblique photos).  The remainder of the 
drift cell to the south, which includes the shoreline along Port Townsend and the Port 
Townsend paper mill, is heavily modified (Hirschi et al. 2003). 
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Habitat Complex:  Point Hudson (Port Townsend) 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The Point Hudson habitat complex is a cuspate spit formed by sediment derived from 
bluffs mainly from the south and also from the west toward Point Wilson (Figure 1).  The 
Point Hudson spit was described in May 1792 by the naturalist Archibald Menzies of the 
Vancouver Expedition as “low and flat with some marshy ground behind it and a pond of 
water surrounded with willows and tall bulrushes, behind this a green bank stretchd (sic) 
to the Southward a little distance from the shore which was markd (sic) with the beaten 
paths of Deer and other animals”.  The uplands above the spit and marsh were described 
by Menzies as “an extensive lawn… bounded conifer forest to the south and west” 
(quotations taken from Menzies journal excerpts found in Gorsline 1992). 
 
The 1856 T sheet shows several buildings atop the spit, but little or no fill evident at the 
time.  The same “pond” described by Menzies above was quite large in the 1856 T sheet, 
and the map symbology suggests it was bounded by freshwater marsh vegetation and the 
grassland spit along the northeast shore (Figure 9).  There were several surveys made for 
claims in the early 1860s, mostly around Port Townsend and the spit.  Some references 
were made to marsh and prairie, but there are no specifics and no mention of any tidal 
connection between the marsh or lagoon and open salt water. 
 
The 1858 GLO notes provide the following General Description of Township 30 North, 
Range 1 (Trutch 1858) West. 

 
… (There are) about 20 settlers in the Township irrespective of the 
military station of Port Townsend on Point Hudson (?) which consist of 
about 25 houses and some 40-50 inhabitants.  There is also located the 
U.S. Custom House and port of entry for Puget Sound.  There is a saw mill 
in section 35 (at the mouth of Chimacum Creek) and a road crossing the 
isthmus between Port Townsend and Port Discovery Bays. 

 
Description of Historical Habitat Changes 
 
Table 2 provides a summary of quantitative estimates of historical habitat changes 
associated with the Point Hudson complex.  By 1891, essentially the entire shoreline, 
spit, backshore, and uplands had been converted to an urban landscape (Figure 9).  A 
number of wharfs and docks had begun to fill out over the shoreline.  Much of the lagoon 
present in 1856 had apparently been filled over by 1891 and its configuration changed 
substantially, probably due to further attempts to drain and modify the shoreline of the 
lagoon (Figure 9).  A 1942 air photo (Figure 10) indicates that the former lagoon had then 
been filled and dredged to create the marina that operates today (Figures 11 and 12).  
 
Air photos from 1957, and then 1977, compared with more recent photos, indicate that 
major shoreline and wetland areas mainly to the south of town, have since been filled 
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owing to construction of the ferry dock, and to transportation, port, and commercial 
development (see below series of images in the Kah Tai Lagoon habitat complex 
narrative). 
 

 
Figure 9.  1856 (at left) and 1891 (at right) T sheets of Point Hudson (Port 
Townsend) habitat complex. 
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Figure 10.  1942 U.S. Army air photo of the Point Hudson (Port Townsend) habitat 
complex.  Note that the former lagoon had been filled and dredged to create a 
marina by this time. 
 
Table 2.  Summary of habitat changes to the Point Hudson (Port Townsend) habitat 
complex based on a comparison of the 1856 T sheet with current day air photo 
delineation of habitat features. 
 

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (grassland) 7.84 ha 2.90 ha - 4.94 ha - 63 % * 
Marsh 7.63 ha 0 ha - 7.63 ha - 100 % 
Lagoon 3.28 ha 1.78 ha ** - 1.50 ha - 46 % ** 
Total (spit, marsh, lagoon) 18.75 ha 4.68 ha - 14.07 ha - 75 % 

* Entire former spit has been developed over. 
** Current day “lagoon” is an artificially dredged marina. 

 
The majority of the drift cell located south of the Point Hudson habitat complex has been 
modified, often to an extreme.  The port facilities and marina in front of the Kah Tai 
Lagoon habitat complex (see habitat complex narrative below), the railroad grade at the 
base of bluffs, and the Port Townsend Paper Mill at Glen Cove are essentially a 
continuous shoreline modification. This modification includes the filling of substantial 
intertidal habitat, disruption of sediment supply, transport, and deposition affecting Point 
Hudson.  This shoreline represents one of the most severely impacted in the study area, 

 20



rivaling that of Port Angeles (see Eastern Strait sub-region) and the heavily bulkheaded 
shorelines in the “hook” of south Hood Canal (see Hood Canal Hook sub-region). 
 

 
Figure 11.  1994 WDOE oblique photo of the Point Hudson (Port Townsend) Spit 
habitat complex.  Note the sub-spit or bar feature pointing west (to the right) at the 
tip of the spit. 
 
Relative Condition 
 
Based on virtually complete elimination of historical grassland spit, marsh, and lagoon 
habitat due to urbanization, we consider the Point Hudson habitat complex “Lost”. 
 

 21



 
Figure 12.  2004 air photo (of the same area as shown in Figures 9 and 10) showing 
Point Hudson and downtown Port Townsend. 
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Habitat Complex:  Kah Tai Lagoon 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Historically, the Kah Tai Lagoon was a relatively large backshore lagoon and either 
brackish or freshwater marsh with no evidence of a surface water connection with salt 
water.  A relatively broad spit/berm feature separated the marsh and lagoon from open 
salt water (Figure 13). 
 
Description of Historical Habitat Changes 
 
By 1891, a broad pier or boardwalk extended north-south through the marsh and 
extended well beyond high water.  The railroad grade had been placed along the 
spit/berm (Figure 13).  The symbology used in the 1891 T sheet suggests that a salt marsh 
existed behind the berm, as does the symbology in the later 1926 T sheet, though no 
surface water connection with the adjacent salt water is indicated in either map. 
 

 
Figure 13.  1856 (at left) and 1891 T sheets showing the Kah Tai Lagoon habitat 
complex.  At the west end of the grassland berm (left side of figure), there appears to 
be evidence of cultivation or other settlement. 
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The 1926 T sheet and later air photos indicate further industrialization along the former 
spit in front of the Kah Tai Lagoon, including extension of a railroad spur out into the 
tide flats and a mill in 1926, and a marina by the time of a 1942 U.S. Army air photo.  Air 
photos from 1957, 1977, and 2004 indicate a rapid progression of industrial and 
commercial development of the Kah Tai Lagoon habitat complex, particularly along the 
waterfront (Figures 14-16). 
 

 
Figure 14.  1957 air photo of the Kah Tai Lagoon.  Compare with T sheets from 
1856 and 1891 (Figure 13), and air photos from 1977 and 2004 (Figures 15 and 16) 
to see progressive industrialization, transportation, and commercial development of 
the site. 
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Figure 15.  1977 WDOE oblique photo of the Kah Tai Lagoon habitat complex.  
Compare with image from 2004 below (Figure 16). 
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Figure 16.  2004 air photo of the Kah Tai Lagoon habitat complex. 
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Estimates indicate that the historical lagoon has actually enlarged, though the surrounding 
marsh and spit has now been filled and developed for commercial, industrial, 
transportation, and residential purposes (Table 3).  A pipe apparently connects the 
existing lagoon to salt water at the Port’s marina (Barbara Nightengale, personal 
communication), though the manner in which this pipe functions with respect to the tides 
is unknown. 
 
Table 3.  Summary of habitat changes to the Kah Tai Lagoon habitat complex based 
on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
 

Habitat Type Area Change 
 Historical Today Area Percent  
Spit 11.66 ha 0 ha - 11.66 ha - 100 % 
Marsh 33.08 ha 3.07 ha - 30.01 ha - 91 % 
Lagoon 11.02 ha 14.08 ha + 3.06 ha + 28 % 
Total (spit, marsh, lagoon) 56.48 ha 17.15 ha - 39.33 ha - 70 % 

 
One of the last remnant wetlands occurs along the south end of the current-day port 
facility adjacent to the old railroad grade (Figure 17).  This is a freshwater wetland that is 
apparently not connected to the adjacent open salt water. 
 
Immediately up-drift of the Kah Tai habitat complex, the shoreline has been heavily 
modified by the Port’s Boat Haven jetty, the railroad grade, and the paper mill.  South of 
the mill, however, there are few shoreline modifications (Hirschi et al. 2003). 
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Figure 17.  Remnant wetland in the Kah Tai Lagoon habitat complex confined by 
the railroad grade (now a public trail) and industrial development.  Photo by Steve 
Todd. 
 
Relative Condition 
 
Although the lagoon feature has actually grown in size, the surrounding marsh and 
former spit has been nearly all filled in.  Considerable filling of the historical intertidal 
flats has also occurred.  Because of these severe habitat losses and fragmentation of 
remnant habitat, we consider this habitat complex “Severely Impaired”. 
 
Habitat Complex:  Glen Cove 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Like the Kah Tai Lagoon habitat complex, the Glen Cove complex is a glacial depression 
that supports marsh and lagoon habitat features.  The 1856 T sheet shows symbology 
indicative of a freshwater marsh.  A berm has formed across the marsh that conforms 
with the adjacent shoreline (Figure 18).  Historically, there is no evidence of a surface 
water connection between the marsh and adjacent open water, although a small 
freshwater stream enters the southwest section of Glen Cove. 
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Description of Historical Habitat Changes   
 
Table 4 provides a summary of quantitative estimates of historical habitat changes to 
Glen Cove.  Even as early as the 1856 T sheet, cultivation was evident along the berm at 
Glen Cove (Figure 18).  By the 1920s, the north part of the historical marsh was being 
developed for a mill site.  The 1937 T sheet (T 6553) indicates a significant mill structure 
was in place.  Over the decades, a very large complex of buildings was built well beyond 
high water and much of the former marsh was converted to ponds or lagoons used 
primarily for wastewater treatment (Figure 18).     
 

 
Figure 18.  1856 T sheet (at left) and 2003 WDNR air photo of the Glen Cove habitat 
complex. 
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Table 4.  Summary of habitat changes to the Glen Cove habitat complex based on a 
comparison of the 1856 T sheet with current day air photo delineation of habitat 
features. 
 

Habitat Type Area Change 
 Historical Today Area Percent  
Spit 14.60 ha 0 ha * - 14.60 ha - 100 
Marsh** 25.63 ha 4.16 ha - 21.47 ha - 84 
Lagoon ** 0.15 ha 6.73 ha + 6.58 ha + 4387 
Total (spit, marsh, lagoon) 40.38 ha 10.89 ha - 29.49 ha - 73 

* A very narrow driftwood-covered spit occurs today.  Most of the former spit is now 
occupied by a road, scrub/shrub vegetation, and the paper mill complex. 
** Marsh and lagoon at Glen Cove has probably always been predominantly freshwater. 
 
Very few shoreline modifications occur up-drift of the Glen Cove habitat complex 
(Hirschi et al. 2003 and 2001 WDOE oblique photos). 
 
Relative Condition 
 
Because historical habitat losses are severe, we consider the Relative Condition of the 
Glen Cove complex “Severely Impaired”. 
 
Habitat Complex:  Kala Point 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Kala Point is a cuspate spit that, in many respects, today resembles what it looked like in 
the mid-1800s, the time of the earliest maps.  A rarity in the Puget Sound region, small 
sand dunes occur along the north side of the spit.  However, some important changes in 
hydrology and vegetation become apparent upon closer examination of the historical 
information when compared with current day imagery and site visits.  At the time of the 
1854 H sheet and the 1856 T sheet, a surface water connection between the backshore 
marsh and adjacent open waters is not obvious.  A narrow connection or breach perhaps 
may have existed near the southern base of the spit shown in the 1856 T sheet, near what 
appears to be a small agricultural plot or structure on the spit (Figure 19).  Though there 
are very few GLO survey notes specific to Kala Point, the summer of 1858 references 
(Trutch 1858) are in very close agreement with the 1856 T sheet, particularly in the 
boundary of salt marsh, described in the GLO notes as “swampy prairie”, and where 
today a tidal lagoon occurs.  The GLO notes from 1858 lack any reference to a tidal 
channel connection, and so there is some uncertainty as to the nature of any significant 
surface water connection between the marsh and open waters prior to Euro-American 
settlement.  Freshwater seeps or small drainages to the marsh were evident in a recent 
field visit by the senior author. 
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Figure 19.  Kala Point and Chimacum Creek habitat complexes, 1856 (at left) and 
2000 (at right).  Note the apparent lack of surface channel connection at Kala Point 
in 1856 (and the presence of such a connection in the current image), and the 
narrow spit feature at the mouth of Chimacum Creek.  The fill shown south of the 
mouth of Chimacum Creek in the 2000 photo was removed as a restoration project 
in early 2006. 
 
Description of Historical Habitat Changes 
 
Subsequent to 1856 and perhaps near the time of the 1891 T sheet, a robust channel 
opening occurred in about the same location we find it in 1942 and 1957 (Figure 20) air 
photos and in more recent decades.  The tidal inlet is shown opening to a significant 
lagoon rather than the marsh and “prairie” as described in the T sheet and GLO notes 
from the mid 1800s (see Table 5 for summary of historical habitat changes).  Whether the 
spit breached naturally and later was maintained as an opening for the storage and 
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transport of logs for a nearby mill, or the tidal inlet was artificially dredged for that 
purpose, is currently unknown. 
 

 
Figure 20.  1957 air photo of the Kala Point and Chimacum Creek habitat 
complexes.  Note the tidal channel and lagoon at Kala Point that was not clearly 
evident in the earliest surveys from the mid 1800s, extensive log storage near the 
mouth of Chimacum Creek and fill to the south of the creek mouth. 
 
A tidal channel today extends behind the spit all the way to the northern-most origin of 
the spit (Figure 21).  This channel was also evident in 1957, but it is uncertain whether 
this feature was historically present in the mid 1800s, or if it was formed later by a 
dramatic increase in tidal prism through the marsh.  The northern part of the spit has been 
partially developed for a small parking lot, a pier, and boat storage.  Today, a lot of drift 
material is rafted in the upper marsh and some very large pieces occupy the storm ridge 
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along the spit, much of it occurring as cut logs.  The source of these cut logs is uncertain, 
though given the large log rafts at the mouth of Chimacum Creek, as shown in the 1957 
air photo, some of the logs may have escaped and become stranded either in the lagoon 
and marsh or upon the spit.  A 1953 USGS map (USGS, Port Townsend South 
quadrangle) indicates a huge number of pilings between Kala Point and Chimacum 
Creek.  The impact of these pilings over a period of many decades is unknown; however, 
it is possible that their presence immediately in front of a naturally eroding bluff between 
Kala Point and Chimacum Creek could have greatly dissipated wave energy against this 
bluff and minimized erosion during the time of log storage (Hugh Shipman, personal 
communication).  The temporary reduction or loss of sediment input from this divergence 
zone south of Kala Point could have effectively facilitated the tidal opening through the 
spit, particularly if a significant tidal prism had been established through dredging the 
lagoon in the late 1800/early 1900s. 
 
Except for the pier at the north end of the spit, no additional existing shoreline 
modifications occur in the drift cells to the south and north of Kala Point (Hirschi et al. 
2003).   
 

 
Figure 21.  Near the head of a tidal channel at the north origin of the Kala Point 
Spit.  Photo by Steve Todd. 
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Table 5.  Summary of habitat changes to the Kala Point habitat complex based on a 
comparison of the 1856 T sheet with current day air photo delineation of habitat 
features. 
 

Habitat Type Area Change 
 Historical Today Area Percent  
Spit 5.52 ha 4.64 ha - 0.88 ha - 16 
Tidal marsh 4.74 ha 2.03 ha - 2.71 ha - 57 
Lagoon 0.14 ha 4.76 ha + 4.62 ha + 3300 
Total (spit, marsh, lagoon) 10.40 ha 11.43 ha + 1.03 ha + 10 

 
Relative Condition 
 
Although Euro-Americans have modified critical aspects of the Kala Point habitat 
complex during the past 150 years, some of these alterations may actually be beneficial to 
salmonids (e.g., providing tidal access to marsh and lagoon habitat where it may have 
been rare in historical times).  Because the Kala Point spit retains many of the landscape 
(e.g., dunes and forest) and habitat characteristics found in the earliest surveys, we 
consider the Relative Condition “Functional”.  However, we recommend a closer 
examination of the historical changes at Kala Point.   
 
Habitat Complex:  Chimacum Creek 
Complex Type:  Stream-delta 
 
Physical Description 
 
Chimacum Creek enters a long narrow tidal embayment along the west shore of Port 
Townsend Bay.  The habitat complex includes channel, tidal marsh, and small spit and 
lagoon features near the mouth where it opens to the bay. 
 
Description of Historical Habitat Changes 
 
Habitat conditions in the embayment where Chimacum Creek enters Port Townsend Bay 
have apparently changed very little since the mid 1800s.  This part of the estuary supports 
tidal marsh and channel habitat much as it probably did 150 years ago (Table 6).  
However, near the creek mouth and immediately south, the shoreline has been altered 
extensively.  In 1858, the GLO survey (Trutch 1858) describes the presence of a mill and 
raceway near the spit at the mouth of the creek.  The 1891 T sheet shows a small amount 
of fill south of the creek mouth, and what is probably the ironworks in the early 
community of Irondale (Figure 22).  By the time of the 1915 T sheet, an extensive area of 
beach immediately south of the creek mouth had been filled evidently to support the 
existing ironworks or other industrial activity (Figure 23).  A “wooden trus” bridge even 
crossed just above the mouth of Chimacum Creek at the time.  The word “dilapidated” is 
used to describe the two largest building complexes at the ironworks in 1915, suggesting 
they were in decline.  An air photo as recent as 1957 shows some remnant of the 
historical spit and a tidal lagoon tucked behind the spit, although the intertidal area to the 
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south had been filled (see Figure 20 in the Kala Point habitat complex narrative above).  
In more recent decades, the fill has been used for log storage (Figure 24).  A major 
restoration project, occurring in early Spring 2006 at the mouth of Chimacum Creek, has 
removed much of the intertidal fill material.  The uplands above the narrow creek mouth 
embayment have been encroached upon in recent decades by clearing and the 
development of houses (Figure 25). 
 
Table 6.  Summary of habitat changes to the Chimacum Creek habitat complex 
based on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
 

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.31 ha 0 ha - 0.31 ha - 100 
Tidal marsh 0.93 ha 1.45 ha + 0.52 ha + 56 
Lagoon 0 ha 0.05 ha + 0.05 ha + 100 
Tidal flat 16.27 ha ? ha * ? ha ? 
Total (spit, marsh) 1.24 ha 1.50 ha + 0.26 ha + 21 

* Current day surface area estimates of tidal flat habitat were not made because we felt 
that these estimates would not provide a valid comparison with the historical estimates of 
tidal flat that were derived from the T sheets, where the mean lower low water line 
(MLLW) was often interpolated from actual surveyed points. 
 

 
Figure 22.  1891 T sheet showing the Irondale ironworks south of Chimacum Creek 
(located just off the map to the north) prior to the large-scale filling that is apparent 
by the time of the 1915 T sheet (see Figure 23 below).  Note the level of industrial 
development at the head of the tidal lagoon and along the base of the spit at the Port 
Hadlock Lagoon habitat complex located to the south (bottom of image). 
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Figure 23.  1915 T sheet of the Chimacum Creek mouth and fill immediately south 
of the creek mouth. 
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Figure 24.  1994 WDOE oblique photo of the Chimacum Creek stream delta 
complex.  Much of the large area of intertidal fill immediately south of the creek 
mouth was removed in early Spring 2006 as a habitat restoration project that aims 
to recover shoreline processes and function to this beach. 
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Figure 25.  2001 WDOE oblique photo of the Chimacum stream delta complex 
looking downstream through its narrow tidal embayment. 
 
Relative Condition 
 
Although much of the Chimacum Creek estuary shows little change (e.g., amount of tidal 
marsh has changed very little), the filling over of the former spit, lagoon, and intertidal 
beach immediately south of the creek mouth constitutes significant impairment of this 
habitat complex.  For this reason, we consider Chimacum Creek “Moderately Impaired”.  
With the removal of most of this fill material in Spring 2006, it is possible that the 
Relative Condition would be considered “Functional” in the near future.   
 
Habitat Complex:  Hadlock Lagoon (Tongue) 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The Hadlock Lagoon habitat complex includes a south-oriented spit that represents the 
terminus of a drift cell and divergence zone beginning just south of Chimacum Creek 
(Figure 1).  The narrow spit partially encloses a tidally-connected lagoon (historically 
much of it was a deepwater lagoon) and fringing marsh (Figure 26).  Freshwater inputs 
are known to enter this habitat complex. 
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Figure 26.  1856 T sheet (at left) and 2003 WDNR air photo (at right) showing the 
Hadlock Lagoon and the tiny Hadlock Marsh (just east of Hadlock Lagoon) habitat 
complexes.  Notice the filling of historical salt marsh at the base of the spit at 
Hadlock Lagoon, with roads, buildings, and docks. 
 
Description of Historical Habitat Changes 
 
In many ways, features of this complex today resemble the 1856 T sheet (Figure 26).  
However, tidal marsh and channel habitat has long been filled over near the base of the 
spit where a road, parking area, and several old buildings are now present (Table 7).  The 
1891 (Figure 22 in the Chimacum Creek habitat complex narrative above) and 1915 T 
sheets indicate extensive filling of the north part of the lagoon for industrial purposes.  At 
the time of the 1915 T sheet, however, wording on the map indicates that much of the 
wharfs or docks had been abandoned, and a “chemical works” (old alcohol plant?) just 
southeast of the lagoon is “not in operation” according to the map.  Much of the area 
occupied by wharfs and fill in the 1891 T sheet is now reverting back to tidal lagoon 
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habitat with remnants of piling in the lagoon, though the base of the spit is still developed 
over and several overwater structures appear to disrupt sediment processes (Figure 27).  
Today a road, a few small structures, and a pier extend along the spit. 
 
Table 7.  Summary of habitat changes to the Hadlock Lagoon habitat complex 
based on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
 

Habitat Type Area-Length (ha/ft) Change 
 Historical Today Area-Length Percent  
Spit (length) 2550 ft 1770 ft * - 780 ft - 31 * 
Spit (area) 0.94 ha 0.42 ha - 0.52 ha - 55 
Salt marsh 0.37 ha 0.46 ha + 0.09 ha + 24 
Total (spit, marsh) 1.31 ha 0.88 ha - 0.43 ha - 33 

* Overall spit length has actually changed very little, though the lower 780 ft from the 
base has been completely developed over. 
 
Shoreline modifications up-drift (north toward Chimacum Creek) of the Hadlock Lagoon 
includes 28% bulkheading, a number of docks, and a launch ramp (Hirschi et al. 2003).  
This level of modification, including part of the divergence zone (i.e., sediment supply) 
and at the base of the historical spit, may have long-term consequences for the volume of 
sediment reaching the spit and maintaining its stability. 
 

 
Figure 27.  2001 WDOE oblique photo of the Hadlock Lagoon habitat complex, 
showing development and overwater structures at the base and along much of the 
length of the spit. 
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Relative Condition 
 
As the development at the base of the spit and over the north section of the historical 
lagoon has affected the extent of salt marsh and channel habitat, we consider this habitat 
complex “Moderately Impaired”. 
 
Habitat Complex:  Hadlock Marsh 
Complex Type:  Spit/marsh    
 
Physical Description 
 
The Hadlock Marsh habitat complex is a very small backshore salt marsh located just east 
of the Port Hadlock Lagoon complex.  A surface water connection between the marsh 
and open adjacent waters appears likely in the 1856 T sheet (see Figure 26 in the Hadlock 
Lagoon habitat complex narrative above).  No freshwater inputs to the marsh are known 
to exist. 
 
Description of Historical Habitat Changes 
 
Fairly modest changes to marsh and lagoon habitat are estimated at this complex (Table 
8).  It appears that sometime since 1957 (air photo), the eastern part of the marsh has 
been filled.   A surface water connection still occurs today, though it appears only at 
higher tides (Steve Todd, October 13, 2006 field observation; Figure 28).  Potential drift 
cell impacts include about 17% bulkheading, two launch ramps, a very long pier and 
marina to the immediate east (Hirschi et al. 2003).  Up-slope impacts include the 
presence of an old alcohol plant, parking lot, and a new home (constructed ~ 2001) 
immediately to the west. 
 
Table 8.  Summary of habitat changes to the Hadlock Marsh habitat complex based 
on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
 

Habitat Type Area (ha) Change 
 Historical Today Area (ha) Percent  
Salt marsh 0.42 ha 0.31 ha - 0.11 ha - 26 
Lagoon 0.05 ha 0.07 ha + 0.02 ha + 31 
Total 0.47 ha 0.38 ha - 0.09 ha - 19 
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Figure 28.  2001 WDOE oblique photo of the Hadlock Marsh habitat complex.  Note 
the narrow tidal channel connection to the backshore marsh.  The large building 
structure and parking lot is known locally as the “old alcohol plant” (“Chemical 
works” in the 1915 T sheet).  Not far upslope of the marsh a home is under 
construction in this image. 
 
Relative Condition 
 
Though this habitat complex has received modest losses of marsh habitat, due to filling, it 
still retains surface connectivity.  We rated the complex as “Functional”. 
  
Habitat Complex:  Crane Point 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Crane Point, located on the northeast side of Indian Island, is a cuspate or re-curved spit 
that historically (1856 and 1871 T sheets and Aug. 1858 GLO survey) had a robust “tidal 
slough” (Trutch 1858), lagoon, and fringing salt marsh enclosed by a spit that was open 
to the tides on the south side (Figure 29).  No freshwater inputs are known to occur at 
Crane Point. 
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Figure 29.  1856 T sheet (at left) and 2000 WDNR orthophoto (at right) of the Crane 
Point habitat complex, the cuspate spit located in the lower part of both images.  
Note the extensive area of fill of historical wetlands in the 2000 photo at the complex 
itself as well as intertidal fill north of the complex. 
 
Description of Historical Habitat Changes 
 
Indian Island was established as a military reserve at least as early as World War II.  By 
the time of a 1953 USGS map (USGS, Nordland quadrangle), it appeared that the former 
lagoon and salt marsh had probably been filled (see Table 9 for a quantitative summary 
of historical habitat changes).  The entire site today is on fill, including a few large 
buildings.  A substantial amount of filling of the intertidal zone seaward and north of the 
spit has occurred as well (Figures 29 and 30). 
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Table 9.  Summary of habitat changes to the Crane Point habitat complex based on 
a comparison of the 1856 T sheet with current day air photo delineation of habitat 
features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.40 ha 0 ha - 0.40 ha - 100 
Tidal marsh 1.25 ha 0 ha - 1.25 ha - 100 
Lagoon 1.08 ha 0 ha - 1.08 ha - 100 
Total 2.73 ha 0 ha - 2.73 ha - 100 

 

 
Figure 30.  1977 WDOE oblique photo of the Crane Point habitat complex. 
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Most of the shoreline up-drift to the north of the Crane Point habitat complex is heavily 
armored and much of it is filled well below high water (based on 2001 WDOE oblique 
photos). 
 
Relative Condition 
 
Because all historical tidal wetland habitat (i.e., marsh and lagoon) has been filled over at 
this site, we consider it “Lost”. 
 
Habitat Complex:  Walan Point 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Walan Point, on the northeast side of Indian Island, is a cuspate or re-curved spit that has 
historically supported a tidal channel connection near the southern base of the spit 
(Figure 31).  No freshwater sources are known to enter the complex. 
 
Description of Historical Habitat Changes 
 
A 1957 air photo shows about one-third of the marsh filled with driftwood material, and a 
road extends around most of the spit (Figure 32).  It appears that since the 1950s, the 
amount of drift in the marsh has remained about the same or has possibly been reduced, 
in part by filling.  The source of the drift material is unknown; however a recently 
completed study of two marsh systems in north Puget Sound indicated that the majority 
of driftwood material in those systems came from log boom or transport activities (see 
MacLennan 2005).  By 1977, the northern part of the spit appeared freshly filled, and fill 
had extended both into the drift material as well as beyond high water on the north side of 
the spit (Figures 31 and 33).  Two long piers extending north from the spit were under 
construction at the time of the June 1977 photo.  However, most of the former salt marsh 
and tidal channel connection remains remarkably similar to the way it did in 1856 (Table 
10; and see Figure 31). 
 
Table 10.  Summary of habitat changes to the Walan Point habitat complex based 
on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 3.26 ha 2.02 ha - 1.24 ha - 38 
Tidal marsh 5.66 ha 6.86 ha + 1.20 ha + 21 
Lagoon 2.32 ha 1.23 ha - 1.09 ha - 47 
Tidal flat 5.73 ha ? ha * ? ha ? ha 
Total (spit, tidal marsh, lagoon) 11.24 ha 10.11 ha - 1.13 ha - 10 

* Current day surface area estimates of tidal flat habitat were not made because we felt 
that these estimates would not provide a valid comparison with the historical estimates of 
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tidal flat that were derived from the T sheets, where the mean lower low water line 
(MLLW) was often interpolated from actual surveyed points. 
 

 
Figure 31.  1856 T sheet (top) and 2000 DNR orthophoto (bottom) of the Walan 
Point habitat complex. 
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Figure 33.  1977 WDOE oblique photo of the Walan Point habitat complex. 
 
Immediately up-drift of the Walan Point complex, within a divergence zone on the north 
shore of Indian Island, shoreline modification is virtually absent (Hirschi et al. 2003). 
 
Relative Condition 
 
Though the losses of historical tidal wetland habitat are relatively small, because of the 
complete filling along the spit and upper marsh along the north part of the complex, and 
presumed filling of additional tidal marsh with drift logs, we rated this complex 
“Moderately Impaired”. 
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Habitat Complex:  Northeast Indian Spit 
Complex Spit:  Spit/marsh 
 
Physical Description 
 
The Northeast Indian Spit habitat complex includes two narrow spits that open to a tidal 
lagoon (Figure 34).  The spit is fed by sediment transport from the west along the north 
shore of Indian Island and from the south along the east shore of Indian island.  No 
freshwater stream inputs are known to enter the complex. 
 

Long Spit 

Northeast 
Indian Spit

Figure 34.  1856 T sheet (top) showing the Northeast Indian
north part of Ditch Marsh habitat complexes.  The 200
(bottom) is of the same area, indicating fill at the base of Nort
complete filling of the historical salt marsh and lagoon at Lo
habitat complex narrative below). 
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Description of Historical Habitat Changes 
 
Severe degradation of the spit features has occurred at least as recent as the 1950s, and 
filling has occurred near the base of the west spit (see Figures 34-37).  An air photo from 
1957 shows a road access to the base of the spit, and it appears some filling had begun at 
the time (Figure 35).  The causes for the spit degradation are not clear.  The spits were 
very narrow even in 1856 (Figure 34), which might make them particularly sensitive to 
even slight modifications in sediment and/or erosional processes.  The base of the west 
spit has been armored and filled over for many decades, possibly disrupting sediment 
transport to the length of this spit.  However, no such disruptions of sediment processes 
are evident to the south of the east spit.  One possibility is that the breaching of Long Spit 
(see Long Spit habitat complex narrative below), sometime between 1957 and 1977, has 
reduced the ability of Long Spit to buffer wave energy and storm surges from the north, 
leaving the spits at the Northeast Indian Spit complex vulnerable to erosion.  Without 
these spits, the former lagoon habitat that was historically present at this complex has 
been essentially eliminated (Table 11).   
 
Table 11.  Summary of habitat changes to the Northeast Indian Spit habitat 
complex based on a comparison of the 1856 T sheet with current day air photo 
delineation of habitat features. 
  

Habitat Type Area-Length (ha/ft) Change 
 Historical Today Area-Length Percent 
Spit (length) * 2635 ft 735 ft - 1900 ft - 72 
Spit (area) 0.98 ha 0.34 ha - 0.64 ha - 66 
Tidal marsh 1.08 ha 0.58 ha - 0.50 ha - 46 
Lagoon 5.00 ha 0 ha - 5.00 ha - 100 
Total (spit, tidal marsh, lagoon) 7.06 ha 0.92 ha - 6.14 ha - 87 

* Length of East and West Spits combined 
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Figure 35.  1957 air photo of the Northeast Indian Spit, Long Spit, and Ditch Marsh 
habitat complexes (see Figure 34 above for reference). 
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Figure 36.  1977 WDOE oblique photo of the Northeast Indian Spit.  Notice the 
apparent difference in the lengths of the spits in this image compared with more 
recent photos from 1994 (see Figure 37 below) and 2001.  The tip of Long Spit is 
shown in the background (see Long Spit habitat complex narrative below).  
 

 52



 
Figure 37.  1994 WDOE oblique photo of the Northeast Indian Spit habitat complex 
showing erosion of historical spit features (see previous Figures 34-36). 
 
Very little bulkheading or other shoreline modifications that would potentially affect the 
spit occur to the west and south of this habitat complex (Hirschi et al. 2003). 
 
Relative Condition 
 
Due to substantial losses of former habitat, particularly a tidal lagoon that was protected 
by two narrow spit features, we consider this habitat complex “Severely Impaired”. 
 
Habitat Complex:  Fawkes Marsh 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The Fawkes Marsh habitat complex is a backshore salt marsh for which a surface water 
connection is not convincingly indicated in the 1871 T sheet (Figure 38).  No freshwater 
stream inputs are indicated in the T sheet. 
 
Description of Historical Habitat Changes 
 
Few direct changes are evident to this habitat complex (Table 12).  Though historical 
sources do not indicate a definitive surface water connection between the marsh and 
adjacent open waters, a connection is evident today.  Drift material occupies part of the 
marsh in the 1957 air photo (Figure 39), though it is not as evident in more recent air 
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photos (Figure 40).  A road and clearing occurs immediately south of the marsh (Figures 
39 and 40).   
 

 
Figure 38.  1871 T sheet of the Fawkes Marsh (to the north) and Fawkes Spit (to the 
south) habitat complexes. 
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There are few or no shoreline modifications up-drift of the Fawkes Marsh habitat 
complex (Hirschi et al. 2003). 
 
Table 12.  Summary of habitat changes to the Fawkes Marsh habitat complex based 
on a comparison of the 1871 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.22 ha 0 ha - 0.22 ha - 100 
Tidal marsh 0.21 ha 0.57 ha + 0.36 ha + 171 
Total 0.43 ha 0.57 ha + 0.14 ha + 33 

 
 

 
Figure 39.  1957 air photo of the Fawkes Marsh and Fawkes Spit habitat complexes. 
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Figure 40.  2001 WDOE oblique photo of the Fawkes Marsh habitat complex. 
Relative Condition 
 
Despite encroachment from the immediate south (Figure 40 above), a net gain has been 
estimated in tidal marsh habitat at Fawkes Marsh.  We consider the complex 
“Functional”. 
 
Habitat Complex:  Fawkes Spit 
Complex Type:  Spit/marsh     
 
Physical Description 
 
Fawkes Spit is a blunt-shaped accretion feature with a narrow low berm, salt marsh, and 
small lagoon.  A surface water connection between the marsh and adjacent open water is 
questionable in the 1871 T sheet (see Figure 38 in the Fawkes Marsh habitat complex 
narrative above), and no freshwater stream inputs are known at the site. 
 
Description of Historical Habitat Changes 
 
Table 13 provides a quantitative summary of habitat changes to the Fawkes Spit complex.  
The most noticeable habitat change is the relatively large patch of drift material about 
mid-way through the marsh, which appears to have moved into the marsh from the south 
(Figure 41).  It is not clear how much of this drift material existed at the time of the 1957 
air photo (see Figure 39 in the Fawkes Marsh habitat complex narrative above). 
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Table 13.  Summary of habitat changes to the Fawkes Spit habitat complex based on 
a comparison of the 1871 T sheet with current day air photo delineation of habitat 
features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.23 ha 0 ha - 0.23 ha - 100 
Salt marsh 0.92 ha 1.50 ha + 0.58 ha + 63 
Lagoon 0.05 ha 0 ha - 0.05 ha - 100 
Total 1.20 ha 1.50 ha + 0.30 ha + 25 

 
There are few or no shoreline modifications up-drift of the Fawkes Marsh habitat 
complex (Hirschi et al. 2003). 
 

 
Figure 41.  2001 WDOE oblique photo of the Fawkes Spit habitat complex. 
 
Relative Condition 
 
Based on little overall change in tidal wetland habitat, we consider the Fawkes Spit 
complex “Functional”. 
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Habitat Complex:  Kettle Marsh 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Kettle Marsh is a narrow fringing salt marsh that, according to the 1871 T sheet, did not 
have an apparent surface water connection between the marsh and adjacent open water, 
though such a connection may exist today.  There is no known freshwater input to the 
marsh. 
 
Description of Historical Habitat Changes 
 
Historical changes to this small marsh are not evident (Table 14), though a large clearing 
and road to the immediate south is evident as early as 1957 and in more recent air photos 
(Figure 42).  There are no shoreline modifications up-drift of Kettle Marsh, including 
within a sediment divergence zone (Hirschi et al. 2003). 
 

 

Kettle 
Marsh

Figure 42.  2001 WDOE oblique photo of the Kettle Marsh habitat complex. 
 
 
 

 58



Table 14.  Summary of habitat changes to the Kettle Marsh habitat complex based 
on a comparison of the 1871 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.28 ha 0 ha - 0.28 ha - 100 
Salt marsh 0.25 ha 0.44 ha + 0.19 ha + 76 
Lagoon 0.03 ha 0 ha - 0.03 ha - 100 
Total 0.56 ha 0.44 ha - 0.12 ha - 21 

 
Relative Condition 
 
Because overall habitat change is minimal, we consider the Kettle Marsh complex 
“Functional”. 
 
Habitat Complex:  Bishop’s (Mussel) Point 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Bishop’s Point, on the west side of Indian Island, is a cuspate spit with tidal access to a 
lagoon and fringing salt marsh (Figure 43).  No known freshwater stream inputs are 
known to occur at this site. 
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Figure 43.  1871 T sheet of the Bishop’s Point (upper) and Southeast Indian Marsh 
(bottom) habitat complexes. 
 
Description of Historical Habitat Changes 
 
The most obvious changes to this complex are a road at the north end of the marsh and 
along the berm, and possible filling just south of the road.  This road is evident at least as 
early as 1957 (Figure 44).  Some drift material is racked up against the north side of the 
lagoon (Figure 45).  It is not certain if the presence of this drift has changed the elevation 
of the marsh behind it over time, or if direct filling occurred associated with the road.  
The lagoon feature appears to have been substantially reduced in size since the 1871 T 
sheet (Table 15). 
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Table 15.  Summary of habitat changes to the Bishops Point habitat complex based 
on a comparison of the 1871 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.46 ha 0 ha - 0.46 ha - 100 
Salt marsh 0.39 ha 0.40 ha + 0.01 ha + 3 
Lagoon 0.65 ha 0.31 ha - 0.34 ha - 52 
Total 1.50 ha 0.71 ha - 0.79 ha - 53 

 
 

Figure 44.  1957 air photo of the Bish
accessing the north part of the cuspat
about the same location as shown in the
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ops Point habitat complex showing a road 
e spit.  A tidal connection occurs today in 
 1871 T sheet (see Figure 43 above). 

61



Figure 45.  2001 WDOE oblique photo of the Bishops P
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There are no shoreline modifications within the drift cells 
habitat complex (Hirschi et al. 2003 and 2001 WDOE obliqu
 
Relative Condition 
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Habitat Complex:  Southeast Indian Marsh 
Complex Type:  Spit/marsh 
 
Physical Description 
 
This tiny backshore marsh occurs in a hollow and appears 
(see Figure 43 in the Bishops Point habitat complex narrativ
connection is evident in the historical record.  A small stre
marsh (WDNR 2005). 
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Description of Historical Habitat Changes 
 
There is little apparent habitat modification from historical sources (1871 and 1872 T 
sheets, 1957, 1977, 1994, 2001 air photos); however, estimates of habitat change indicate 
a 45% loss of wetland habitat (Table 16).  Because the complex is so small, however, we 
urge the reader not to read too much into these quantitative estimates.  The 1957 air photo 
shows a road accessing the shoreline immediately east of the marsh, and an oblique photo 
from 1994 shows evidence of possible dredging in the marsh or other manipulation 
indicated by straight-edged patterns of marsh or lagoon habitat patches (Figure 46). 
 
Table 16.  Summary of habitat changes to the Southeast Indian Marsh habitat 
complex based on a comparison of the 1871 T sheet with current day air photo 
delineation of habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Salt marsh 0.38 ha 0.23 ha - 0.15 ha - 39 
Lagoon 0.04 ha 0 ha - 0.04 ha - 100 
Total 0.42 ha 0.23 ha - 0.19 ha - 45 

 
There are no shoreline modifications documented within the drift cell affecting this 
habitat complex (Hirschi et al. 2003).   
 

 
Figure 46.  1994 WDOE oblique photo of the Southeast Indian Marsh habitat 
complex.  Note some indication of manipulation of marsh or lagoon habitat seen in 
the straight-edged patterns. 
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Relative Condition 
 
Though we need more information regarding historical changes to this habitat complex, 
we have some evidence suggesting alteration.  We therefore rated the Relative Condition 
as “Moderately Impaired”. 
 
Habitat Complex:  Scow Bay  
Complex Type:  Spit/marsh 
 
Physical Description 
 
The Scow Bay habitat complex forms the low-lying connection between Indian and 
Marrowstone islands.  The 1871-72 historical T sheets indicate this tidal marsh was open 
to tidal access to the north at Kilisut Harbor and the south within Oak Bay (Figure 47).  A 
broad spit defines the southern margin of the marsh.  Sediments forming this spit are 
derived primarily from the south shoreline of Marrowstone Island. 
 
Description of Historical Habitat Changes 
 
Virtually no change was found in the amount of tidal marsh and spit surface area 
according to estimates (Table 17).  However, only the tidal connection to the north exists 
today where it was open to the south and north historically.  A Jefferson County survey 
map from 1900 appears to indicate plans to build the east-west causeway that exists today 
through the marsh.  It is commonly believed that the southern tidal connection was 
eliminated sometime after building the causeway, which filled over the central part of the 
marsh and allows for tidal exchange through one or two under-sized culverts (Figure 47).  
It is thought that tidal energy has been reduced by the construction of this causeway and 
resulted in the gradual filling in of the southern marsh, and closing of the south channel.  
Air photos from 1942 and 1957 indicate that the southern tidal connection was nearly or 
completely eliminated by that time. 
 
Shoreline modifications up-drift of Scow Bay along the south part of Marrowstone Island 
include at least 60% bulkheading (Hirschi et al. 2003 and 2001 WDOE oblique photos).  
The divergence zone along the southeast end of the island has less than 5% bulkheading.  
North of Scow Bay, bulkheads are virtually absent in the drift cells along the Indian 
Island shoreline that affect Scow Bay, and 15% of the Marrowstone Island shoreline 
affecting Scow Bay is bulkheaded (Hirschi et al. 2003). 
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Table 17.  Summary of habitat changes to the Scow Bay Marsh habitat complex 
based on a comparison of the 1871 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 2.72 ha 2.66 ha - 0.06 ha - 2 
Tidal marsh 4.94 ha 5.02 ha + 0.08 ha + 2 
Tidal flat 6.88 ha ? ha * ? ha ? 
Total (spit, marsh) 7.66 ha 7.68 ha + 0.02 ha + < 1 

 * Current day surface area estimates of tidal flat habitat were not made because we felt 
that these estimates would not provide a valid comparison with the historical estimates of 
tidal flat that were derived from the T sheets, where the mean lower low water line 
(MLLW) was often interpolated from actual surveyed points. 
 

 
Figure 47.  1871 T sheet (top) and 2000 WDNR orthophoto (bottom) showing 
changes at the Scow Bay habitat complex. 
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Relative Condition 
 
Though tidal marsh habitat has not changed since 1871, the overall connectivity has been 
severely impaired by the road causeway through the middle of the marsh, eliminating a 
southern tidal connection with adjacent open waters.  For this reason, we consider the 
Scow Bay habitat complex “Moderately Impaired”. 
 
Habitat Complex:  Mystery Bay South 
Complex Type:  Spit/marsh    
 
Physical Description 
 
A small stream enters the southern end (head) of Mystery Bay.  The 1858 GLO survey 
notes describe a “tide slough” at this location (Trutch 1858).  At the time of the 1871 T 
sheet, there was evidence of settlement and cultivation at this location and a stream 
entered the bay (Figure 48).   
 
Description of Historical Habitat Changes 
 
A road evident at least as early as 1957 (air photo) crosses this narrow tide flat today and 
probably impairs tidal exchange (Figure 49).  As a result, it appears that historical tidal 
flat habitat has filled in with sediment, while tidal marsh (0.18 ha) and upland vegetation 
have displaced the former tide flat.  Whether fish can pass beneath this road is unknown. 
 
Relative Condition 
 
Tidal marsh has developed where it evidently did not exist before Euro-American 
settlement, replacing historical tidal flat habitat.  However, the overall connectivity at the 
head of the bay has been impaired by roads.  For these reasons, we consider the Mystery 
Bay South complex “Moderately Impaired”. 
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Figure 48.  1871 T sheet showing the habitat complexes of Mystery Bay, including 
Mystery Bay Marsh South at the head of the bay, the fringing Nordland Marsh 
complex along the east shore, and the Mystery Bay Lagoons complex near the 
entrance to the bay along the north shore.  The low-lying area shown along the east 
shore of Marrowstone Island, opposite Mystery Bay, is the East Beach Spit habitat 
complex.  
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Habitat Complex:  Nordland Marsh 
Complex Type:  Spit/marsh 
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Figure 50.  2001 WDOE oblique photo of the historical site of the Nordland Marsh 
habitat complex. 
 
Habitat Complex:  Mystery Bay Lagoons 
Complex Type:  Spit/marsh 
 
Physical Description 
 
This habitat complex consists of west and east spits, each spit partially enclosing a tidal 
lagoon (Figure 51).  The west spit is a small re-curved spit that receives sediments from 
the north along the west shore of Marrowstone Island, while the shape of the east spit 
suggests it derives sediments from the east inside Mystery Bay.  A small stream enters 
the east lagoon.  Most of the length of the east spit and lagoon today occurs in the 
Mystery Bay State Park.   
 
Description of Historical Habitat Changes 
 
Overall habitat changes are summarized in Table 18 and shown in Figure 51.  It appears 
from a 1957 air photo that a bridge or other structure crossed the west lagoon, possibly an 
attempt to impound water (Figure 52).  The lagoon today still appears to be artificially 
deepened, though this is not confirmed.  It is possible that the northern part of the west 
lagoon has also been partially filled for residential development.  Native riparian 
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vegetation has been mostly cleared between the west and east lagoons, with bulkheading 
and associated fill occurring near the east lagoon (Figure 53). 
 
Old piling occurs in the east lagoon, suggesting a wharf or dock along the spit or in the 
lagoon at one time.  A boat ramp and pier extend out over high water near the base of the 
east spit (Figure 51).  The shoreline along Mystery Bay is about 25% bulkheaded 
(Hirschi et al. 2003 and 2001 WDOE oblique photos).  The drift cells (including the 
divergence zone) that potentially affect sediment supply to the west spit are about 20% 
bulkheaded (Hirschi et al. 2003), though most of the shoreline just north of the spit is 
bulkheaded at the base of low bluffs (based on 2001 WDOE oblique photos). 
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Figure 51.  1871 T sheet (top) and 2000 WDNR orthophoto showing the Mystery 
Bay Lagoons habitat complex.   
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Table 18.  Summary of habitat changes to the Mystery Bay Lagoons habitat 
complex based on a comparison of the 1871 T sheet with current day air photo 
delineation of habitat features. 
  

Habitat Type Area-Length (ha/ft) Change 
 Historical Today Area-Length Percent  
Spit (length) * 600 ft 560 ft - 40 ft - 7 
Spit (area) 0.40 ha 0.14 ha - 0.26 - 65 
Salt marsh 0.19 ha 0.49 ha + 0.30 ha + 158 
Lagoon 0.89 ha 0.68 ha - 0.21 ha - 24 
Total (spit, marsh, lagoon) 1.48 ha 1.31 ha - 0.17 ha - 11 

* Spit length is of east spit only. 
 

 
Figure 52.  1957 air photo of the Mystery Bay Lagoons habitat complex. 
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Figure 53.  Photo from the west spit and lagoon of the Mystery Bay Lagoons 
complex looking toward the east spit and lagoon in the background.  The large rock 
wall (just right of center) occurs between the two lagoons.  Photo taken June 2004 
by Steve Todd. 
 
Relative Condition 
 
Despite few overall changes to tidal marsh and lagoon habitat (8% gain), there appears to 
have been past impairments to connectivity in the west lagoon, and considerable 
encroachment along the shoreline with possible fill, bulkheads, and a boat ramp in a 
critical location at the base of the east spit.  Therefore, we consider this habitat complex 
“Moderately Impaired”. 
 
Habitat Complex:  Sand Point 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The 1871 T sheet shows no salt marsh at this small cuspate spit; it only outlines a low-
lying shape of the shoreline seaward of a backshore bluff (Figure 54).  This probably 
does not mean that marsh did not occur at the site, but it appears that the surveyor simply 
forgot to indicate the symbols.  We therefore bring some assumptions to the assessment 
of historical changes at this habitat complex.  No regular surface water connection with 
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Kilisut Harbor is evident in the historical record, and no freshwater inputs are known to 
occur at this spit.  
 
Description of Historical Habitat Changes 
 
This configuration of the spit probably has changed little except for the presence of a 
house on the north end of the marsh, which has resulted in minimal filling (Figure 55).  
This house was not present in 1957, but did occur by 1977 (air photos).  A few additional 
houses occur in the immediate uplands adjacent to the marsh.  The estimates are that 0.74 
ha of salt marsh occur at the site today. 
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54.  1871 T sheet showing the Sand Point habitat complex at “Hyland” on the 
Notice that no vegetation symbols were inked on the sheet, an apparent 
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Figure 55.  2001 WDOE oblique photo of the Sand Point complex showing a house 
at the north end. 
 
The Sand Point Spit complex occurs within a divergence zone (WDOE 2002, Keuler 
1988).  Few bulkheads occur north of the spit, but much of the shoreline is bulkheaded at 
the base of bluffs to the south (Hirschi et al. 2003 and 2001 WDOE oblique photos). 
 
Relative Condition 
 
Though we lack more definitive historical information, we assume that this complex has 
probably changed very little with the exception of the home built at the north end of the 
spit.  Because the fill comprises only about 10% of the overall spit area, we consider that 
a minimal loss of habitat, and therefore rate this complex “Functional”.  
 
Habitat Complex:  Ditch Marsh 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Ditch Marsh takes its name from the word shown on the 1871 T sheet at this site.  The 
1856 (T 582-1) and 1871 (T 1255) T sheets show a relatively blunt-shaped spit enclosing 
a tidal marsh that appears connected to open waters through a channel exiting at the north 
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end of the spit (Figure 56 and see Figure 34 in the Northeast Indian Spit habitat complex 
narrative above).  Freshwater inputs are not known to enter the marsh. 
 

 
Figure 56.  1871 T sheet of the Ditch Marsh habitat complex.  A 1856 T sheet of this 
complex showed salt marsh extending north to the small south-pointed arm (see 
Figure 34 in the 1856 T sheet image in the Northeast Indian Spit habitat complex 
narrative). 
 
Description of Historical Habitat Changes 
 
Table 19 provides a quantitative summary of historical habitat changes to the Ditch 
Marsh complex.  The overall connectivity of the Ditch Marsh habitat complex has been 
impaired by filling across the marsh for a residential lawn.  At least some of this filling 
may be evident as early as 1957 and certainly by 1977 (air photos)(see Figure 35 of 1957 
image in the Northeast Indian Spit habitat complex narrative above).  Drift logs occur in 
the marsh today.  The shoreline up-drift of this habitat complex is probably less than 5% 
bulkheaded (Hirschi et al. 2003 and 2001 WDOE oblique photos). 
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Table 19.  Summary of habitat changes to the Ditch Marsh habitat complex based 
on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 0.66 ha 0.81 ha + 0.15 ha + 23 
Tidal marsh 2.04 ha 1.60 ha - 0.44 ha - 22 
Lagoon 0.36 ha 0 ha - 0.36 ha - 100 
Total 3.06 ha 2.41 ha - 0.65 ha - 21 

 
Relative Condition 
 
Based on moderate losses of tidal marsh and lagoon habitat and some impairment to 
overall connectivity that probably affects tidal exchange in the marsh, we rated the Ditch 
Marsh complex as “Moderately Impaired”. 
 
Habitat Complex:  Long Spit 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The 1856 T sheet shows Long Spit and its tidal marsh and a substantial lagoon prior to 
large-scale filling of the complex (see Figure 34 in the Northeast Indian Spit habitat 
complex narrative above).  
 
Description of Historical Habitat Changes 
 
The salt marsh and lagoon habitat features have been almost entirely eliminated with a 
tiny remnant of historical marsh remaining (Table 20).  A 1953 USGS map (USGS, 
Nordland quadrangle) and 1957 air photo indicate a road access to the spit and filling was 
either underway or completed at the time.  Fort Flagler was established as a military base 
at least as early as WWII, and was later made into a State Park with campsites along the 
spit and former salt marsh/lagoon.  The breaching of the spit is a subject addressed by 
Hirschi et al. (2003).  The spit in the 1856 T sheet was very narrow but extended without 
a breach.  Although Ray Lowrie (personal communication cited in Hirschi et al. 2003) 
maintains that the breach may have been started by military maneuvers and portages 
about 60 years ago, the spit appears intact in air photos from 1942 and 1957 (see Figure 
35 in Northeast Indian Spit habitat complex narrative above).  A 1973 USGS photo-
revised map (USGS, Nordland quadrangle) and 1977 air photo certainly indicate the spit 
was breached by that time.     
 
A boat ramp located immediately up-drift to the east along the spit shows visible signs of 
obstructing sediment transport to the spit, and thus is probably a contributing factor to 
maintenance of the spit breach (Hirschi et al. 2003 and see Figure 57).  A second boat 
ramp and shoreline rip-rap located near the base of the spit to the south may also disrupt 
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sediment transport to the spit.  Neither of these boat ramps is evident in the 1957 air 
photo, though a pier occurred at the approximate location of the ramp along the north 
shore of the spit.  By 1977, both boat ramps were present.  Shoreline modifications up-
drift of the spit to the east do not exist and drift cell function appears unimpaired.  
Bulkheading south of the spit makes up less than 8% of the drift cell (Hirschi et al. 2003). 
 
Table 20.  Summary of habitat changes to the Long Spit habitat complex based on a 
comparison of the 1856 T sheet with current day air photo delineation of habitat 
features. 
  

Habitat Type Area-Length (ha/ft) Change 
 Historical Today Area-Length Percent  
Spit (length) 7240 ft 3700 ft - 3540 ft - 49 
Spit (area) 6.63 ha 4.25 ha - 2.38 ha - 36 
Salt marsh 6.06 ha 2.04 ha - 4.02 ha - 66 
Lagoon 4.16 ha 0 ha - 4.16 ha - 100 
Total (spit, marsh, lagoon) 16.85 ha 6.29 ha - 10.56 ha - 63 
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Figure 57.  1994 WDOE obli
of the spit is shown in the for
1977.  Two boat ramps can 
(left), the other near the base

 

fill
 

boat 
ramps

breach in spit

que photo of the Long Spit habitat complex.  A breach 
eground, which appeared sometime between 1957 and 
be seen occupying the spit, one along the north shore 
 of the spits’ south shore (right). 
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Relative Condition 
 
Very little salt marsh remains at this site and none of the former lagoon habitat.  In 
addition, there are impacts to the stability of the spit ranging from mechanical breaching 
to the disruption of immediate up-drift sediment transport.  The spit has become 
fragmented as a result.  For these reasons, we consider the Long Spit habitat complex 
“Severely Impaired”.  With any further deterioration of the spit feature, we would 
consider the complex “Lost”. 
 
Habitat Complex:  Marrowstone Point 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Historically, the 1856 T sheet describes a grassland-covered cuspate spit enclosing a 
small freshwater marsh (suggested by T sheet symbology) separated by a very narrow 
berm on the north shore of the spit (Figure 58).  Salt-tolerant plants surround the current 
day pond (Figure 59), suggesting that saltwater seepage through the spit/berm may be 
occurring.  Although storm surges are known to temporarily breach parts of the spit in 
recent years, there is no historical evidence of a regular surface water connection with the 
adjacent open water.  Freshwater inputs are unknown except for the T sheet indication of 
a freshwater marsh. 
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Figure 58.  1856 T sheet and 2000 WDNR orthophoto showing changes at the 
Marrowstone Point habitat complex. 
 
Description of Historical Habitat Changes 
 
A number of major alterations have occurred at this location, though the effects on 
hydrology and habitat are not entirely clear and require further investigation.  Most of the 
overall habitat losses are attributed to the conversion of historical grassland spit habitat to 
fill or an upland plant community such as scrub/shrub or forest (Table 21).  However, 
lagoon and marsh habitat still exist today.  The military, US Coast Guard, and USGS 
have all occupied this site at one time or another.  A Coast Guard reserve and lighthouse 
occupies the end of the spit, and the remainder of the spit is part of Fort Flagler State 
Park, although a USGS Fish Research Facility currently occupies buildings near the end 
the spit (Correa 2002).  A road from the upland bluffs has long accessed the buildings 
near the end of the spit. 
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Table 21.  Summary of habitat changes to the Marrowstone Point habitat complex 
based on a comparison of the 1856 T sheet with current day air photo delineation of 
habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (grassland area) 7.33 ha 2.76 ha - 4.57 ha - 62 
Marsh (fresh/salt) 1.28 ha 1.05 ha - 0.23 ha - 18 
Lagoon 0 ha 1.12 ha + 1.12 ha + 100 
Total 8.61 ha 4.93 ha - 3.68 ha - 43 

 
The north shore of the spit is heavily armored with riprap, apparently to protect the 
existing structures, including the active lighthouse at the tip of the spit (Figure 60).  
Shoreline bulkheading and other modifications to the drift cells affecting the spit to the 
west and the south are very few, generally less than 5% of the shoreline (Hirschi et al. 
2003). 
 
Relative Condition 
 
Due primarily to large-scale conversion of historical grassland and alteration of wetland 
habitat at the Marrowstone Point habitat complex, we rate the Relative Condition as 
“Moderately Impaired”. 
 

 
Figure 59.  Pond and surrounding marsh vegetation at the Marrowstone Point 
habitat complex.  Old fence posts suggest past use for grazing.  Photo taken in June 
2004 by Steve Todd. 
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Figure 60.  2001 WDOE oblique photo of the Marrowstone Point habitat complex.  
Note what appears to be the erosion of the shoreline at the tip of the spit, 
immediately adjacent to the riprap. 
 
Habitat Complex:  East Beach Spit 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The historical characterization of this habitat complex is not well-defined.  Similar to the 
Sand Point spit on the opposite shore of Marrowstone Island, the 1871 T sheet does not 
indicate any symbology at this location, only a low-lying area suggesting the shape of an 
accretion beach or small cuspate spit (see Figure 48 in the Mystery Bay South habitat 
complex narrative above).  One might assume it was vegetated with grassland or 
scrub/shrub plants, based on what is present at the site today.  There is no historical 
evidence of a surface water connection or freshwater inputs to the site. 
 
Description of Historical Habitat Changes 
 
A large part of this accretion shoreform has been developed as a county park, with a 
parking lot that fills out beyond high water (Figure 61).  Estimates show that historically 
1.75 ha of native grassland or other vegetation occurred at the site.  However, today just 
0.38 ha of mainly scrub/shrub vegetation occurs at the site.  Shoreline modifications up-
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drift of this complex (including a divergence zone at the southeast end of Marrowstone 
Island) include 1-2% bulkheading (approximation based on Hirschi et al. 2003). 
 

Figure 61.  1994 WDOE oblique photo of the Ea
located just right of the unvegetated bluffs. 
 
Relative Condition 
 
Because of the lack of information regarding the histo
did not provide a Relative Condition rating. 
 
Habitat Complex:  South Indian Lagoon 
Complex Type:  Spit/marsh 
 
Physical Description 
 
The 1871 (T 1255) and 1872 (T 1304) T sheets show
enclosing a tidally-connected lagoon and fringing m
September 1858 GLO survey (Trutch 1858) confirm m
site.  A small stream apparently enters this habitat com
 

 

intertidal fill
 
st Beach Spit habitat complex, 

rical character of this complex, we 

 a westward-pointed spit partially 
arsh (Figure 62).  Notes from the 

any of the T sheet features at this 
plex (WDNR 2005). 
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South 
Indian 
Lagoon

Little Oak 
Bay Lagoon 

Figure 62.  1872 T sheet (top) and 2000 WDNR orthophoto (bottom) showing the 
Little Oak Bay Lagoon and the South Indian Island habitat complexes.  Storm 
surges in early 2006 eroded the spit away from the west jetty at the entrance to the 
dredged canal to the boat launch (see map).   
 
Description of Historical Habitat Changes 
 
A Jefferson County survey map from 1900 differs from the early T sheets in that it shows 
a tidal opening far to the east of what is indicated in the 1871-72 T sheet, with the main 
spit oriented to the east rather than the west as shown in 1871-72, suggesting a prevailing 
west-to-east sediment transport direction at the head of Oak Bay, the opposite direction 
suggested by the T sheets.  However, seeing that this early county survey map was made 
principally to show roads, the accuracy of natural shoreline features should be perceived 
cautiously.  Air photos from 1957, 1977, 1994, and in more recent years indicate a spit 
feature similar to that seen in the 1871-72 T sheet surveys (Figures 63 and 64).    
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lex appears to have considerably more tidal marsh habitat 
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790 ft 1760 ft - 30 ft - 2 
.03 ha 0.94 ha - 0.09 ha - 9 
.16 ha 4.56 ha + 2.40 ha + 111 
.51 ha 4.09 ha - 1.42 ha - 26 
.70 ha 9.59 ha + 0.89 ha + 10 
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Figure 64.  1977 WDOE oblique photo of the South Indian Lagoon habitat complex, 
showing a similar configuration to that seen in the early T sheets and 1957 air photo 
(see Figure 63 above).  Note the existence of shallow submerged spits or bars located 
just off-shore. 
 
The drift cells (including divergence zone) to the east of the South Indian Lagoon habitat 
complex include about 15% bulkheading (Hirschi et al. 2003).  However, it is likely that 
the ship canal jetties and wake generated by boat traffic through the canal, have affected 
sediment processes in the area around the South Indian Lagoon complex.  In recent years, 
it appears that sub-spits or bars form immediately offshore, possibly a result of deflection 
of sediment from extension of the jetty (see Figure 63 above). 
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Relative Condition   
 
Considering that overall tidal wetland habitat has gained in surface area slightly, and 
overall connectivity appears unimpaired, we rated the South Indian Lagoon complex as 
“Functional”. 
 
Habitat Complex:  Little Oak Bay Lagoon 
Complex Type:  Spit/marsh 
 
Physical Description 
 
Historically, this complex consisted of a “grassland” spit that connected Indian Island 
with the mainland (see Figure 62 in the South Indian Lagoon complex above).  Open to 
Port Townsend Bay the to north, the spit was fringed by salt marsh and a broad tidal flat.  
At the time of the 1856 T sheet survey, a boat “portage” existed across the spit.  This is 
confirmed by the September 1858 GLO survey where “a portage of about 100 yards is 
necessary (across the isthmus)” (Trutch 1858).  A small stream, Little Goose Creek, 
historically entered the tidal lagoon near the western origin of the spit. 
 
Description of Historical Habitat Changes 
 
Major alterations in hydrology and habitat distribution have occurred at this site since the 
1800s (Table 23 provides a summary of quantitative estimates of tidal wetland habitat 
changes).  A 1900 Jefferson County survey map indicates a county road across the spit 
connecting the mainland with Indian Island.  Perhaps the first major change, and certainly 
most dominant in how it has affected the complex, appears in about 1915 when the Army 
Corps of Engineers dredged a deep water channel through the tide flat, marsh, and spit, 
connecting Port Townsend and Oak bays (Figure 65).  At least some of the dredged 
material was placed along the west shore of the “cut” [Hugh Shipman, email 
correspondence, Jan. 2004, citing Galster (1989)].  This dredging and filling action 
directly affected the historical tide flat habitat, converting nearly all of it to either a 
deepwater canal, upland fill, or salt marsh, lagoon, or tidal channel habitat.  At times, 
breaches of the historical spit have connected these newly formed marsh and lagoon 
habitats with Oak Bay, though the breaches typically heal over in a short time.  A 
substantial amount of driftwood now also occurs along the north end of the salt marsh.  
Little Goose Creek was diverted south into Oak Bay some time between 1900 (Jefferson 
County survey map) and 1957 (Figure 63 above), possibly at the time of the canal 
dredging around 1915.    
 
Rip-rap jetties were constructed on west and east ends of the south entrance to the 
artificial canal, affecting the deposition of longshore-transported sediment across the spit.  
The west side jetty is by far the larger and longer of the jetties today, extending about 175 
meters from shore.  In 1957 (Figure 63 above), the two jetties were approximately the 
same length and minimal compared with today.  Rip-rap and associated fill occurs along 
the western portion of the spit where a road access to picnic sites extends along the spit 
today.  The east side of the former spit now has a road and parking area adjacent to the 
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spit and a tidally-connected salt marsh.  About 13% of the shoreline up-drift of the spit 
(to the south) is bulkheaded (Hirschi et al. 2003). 
 
Table 23.  Summary of habitat changes to the Little Oak Bay Lagoon habitat 
complex based on a comparison of the 1871 T sheet with current day air photo 
delineation of habitat features. 
  

Habitat Type Area Change 
 Historical Today Area Percent  
Spit (area) 5.74 ha 2.14 ha ** - 3.60 ha - 63 
Tidal marsh 4.05 ha 6.90 ha + 2.85 ha + 70 
Lagoon 0 ha 8.72 ha + 8.72 ha + 100 
Tidal flat * 36.02 ha 0 ha - 36.02 ha - 100 
Total (spit, marsh, lagoon) 9.79 ha 17.76 ha + 7.97 ha + 81 

* Historical tidal flat located north of the spit has been converted to a deepwater canal, 
fill, and marsh and lagoon habitat.  We have no current day estimate of tidal flat, though 
we know it has been substantially reduced from its historical extent. 
** Much of the historical spit has been filled over by a road and bulkheading, and a 
“new” spit has formed along the east side of the dredged ship canal. 

 
Figure 65.  1915 T sheet (T 3528) and side note indicates that the ship canal had just 
been dredged “to a depth of 15 feet at mean lower low water”.  Notice the narrow 
portage or channel shown connecting newly created marsh behind the spit with Oak 
Bay to the south. 
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A substantial breach of the spit occurred about 220 feet east of the county park boat 
launch during a winter storm surge around Christmas 2003 (Figure 66).  During early 
2006 (particularly early February), a series of storm surges eroded the berm to the 
location of the boat launch, creating a significant tidal connection with the lagoon behind 
the spit. 
 
Relative Condition 
 
Based on the complete loss of a substantial historical tidal flat, a reduction or loss of 
overall connectivity with existing tidal wetland habitat, and disruption of longshore 
sediment processes affecting the historical spit and beaches at this site, we consider the 
Little Oak Bay Lagoon complex “Severely Impaired”.  That said, considerable tidal 
marsh and lagoon habitat occurs at this location today. 
 

 
Figure 66.  Breach of the spit that occurred in late December 2003.  During early 
2006, this breach was broadened extensively, flooding the lagoon and marsh behind 
the spit.  Photo January 2004 by Steve Todd. 
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