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A (LONG) PERSPECTIVE ON BULKHEADS

D. F. Flora
 

In Summary:

The present state of Puget Sound’s shore is the sum of myriad 
small biologic and physical disasters across several millennia.  
Beaches and their biota have washed away, waves and currents 
have etched the banks, backshores have collapsed, burying 
intertidal habitats and carrying upshore habitats to oblivion.  
Every shoreline reach has been pummeled. 

People and their defenses are numerous beside Puget Sound.  
Repeating practices from around the world, many shore residents 
have installed protective shields against bank erosion.

Nine persistent apprehensions about residential bulkheads are 
examined.  For most there remains a dearth of impact discovery 
and measurement.  Of the nine concerns eight appear to be 
resolved by current rules and practice that put shore protection 
tightly against banks.  Harm from the other matter, retarded 
downdrift sediment, (a, below) is strangely unsupported by 
quantitative research. 

Puget Sound’s beach history is short geologically.

5000 years ago, “...much of [Puget Sound’s] coastal terrain was 
probably smooth and rounded like the present upland areas of the 
central Puget lowlands.”1  Shoreline erosion, and beaches as we know 
them, were just beginning.  Sandspits and other tidewater erosion 
artifacts were yet to come.

The great change agent is erosion that in time will move whole hills 
and mountains into the ever-shallower Sound.  Downing2 indicates that 
major rivers yield about 3.5 million tons of sediment to the Sound 
annually, while about 3 million tons comes from beach and bluff 
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erosion.  He mentions an estimate that 90 percent of the river 
sediments don’t linger on beaches, presumably going directly to the 
depths.  Unstated are the share of bluff sediments that also proceed 
directly to the deep, and the role of the Sound’s myriad small ravine-
fed creeks3 with their seasonal discharge. 

Erosion next to the Sound is more than a gentle shedding of weathered 
strata.  Collapse of tall shores is profound and largely unpredictable 
as to specific site and timing.  Bluff failure is typically caused by 
joint action of saturated upper slopes and undercutting of the toe.4  
Erosion at the toe sets up a bank for collapse, with rain saturation 
at the top a common trigger.  A 2007 analysis of 1308 Seattle 
landslides, spanning a century, confirms this observation.5  Over five 
millennia, 60 percent of Puget Sound’s margin has been converted to 
bluffs from gentle slopes.6  Concurrently at least that many beaches 
have been dismantled by natural forces and rebuilt shoreward.

Stormwater management policies address the saturation problem and are 
not mentioned here, beyond remarking that shore-top vegetative 
buffering is not a palliative for saturation here for several reasons.7    

The other great force affecting bluffs and beaches is wind, especially 
storm winds that drive waves against the shore.  Hence toe erosion.  
Thence bulkheads.

Shoreline defense has been around for those five millennia.

But not here.  Shoreline protection has been installed along rivers 
and tidal shores for several thousand years.  Some of the great 
engineering feats in Mesopotamia and Egypt related to guiding waters 
and securing shores, as much as 5000 years ago. 

150 years largely bracket the time of shoreline alteration and 
protection around the Sound.  Shoreline alteration of some kind has 
come to most beaches, even parks.  Even in my memory every shoreline 
cabin or farm had a boat and a backshore place to put it.  Trails and 
stairs to the beach let folks cut up drift logs for firewood and 
gather shellfish.  Livestock grazed as close to the beach as they 
could get.  Miles of dikes were installed to support oyster culture.  
Fish canneries, docks and mills were supported on piles but tied to 
bulkheads.  

It is said that about a third of Puget Sound currently has bulkheads.8  
On Bainbridge Island the fraction is estimated at one half.9  Whether 
this is too many – or too few - is hard to perceive. 

Shoreline residents do not install bulkheads casually: They are 
expensive and not so charming as to be shown off obliquely at garden 
parties.  Still, the one-storm capture of several feet of a low-bank 
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yard can be as ominous as a voluminous beach plop caused by 
undercutting of a high bank’s toe.  A 10-foot bank seems far less 
likely to cause mischief than a 40-foot bank.  But over decades toe 
erosion of, say, 6 inches per year on any exposed beach will do the 
same horizontal gnawing of the upland. 

Bulkheads are the common protection against toe erosion (and sweeping 
away of whole low banks in extreme storms).  In times past some 
bulkheads were placed well out on the beach to create dry upland.  
That practice is now outlawed; bulkheads are placed above the high-
water line.10  

Experience has also shown that landslides descending upon an inshore 
bulkhead can override the barrier and plop onto the beach.11  
Remarkably, success rates for bulkheads in various circumstances have 
not been reported.  However occasional failures of (mostly undermined 
concrete) bulkheads have been given wide notice.12

Nine Concerns Have Been Raised About Bulkheads

These have appeared singly or in groups in the popular ecology press.  
They were displayed together in a 1994 review of their validity13 and 
can be seen in even the Puget Sound Partnership’s presumably learned 
Action Agenda14.  So they deserve review in light of whatever new 
research has emerged.

(a) By eliminating undercutting of the bank and discouraging 
collapse of ‘feeder bluffs’, bulkheads rob down-drift beaches of 
sediments, which

(b) Lowers the level of the beach,

(c) Leaving behind only bigger rocks, thus ‘coarsening’ the 
beach,

(d) Increasing turbidity and thus releasing sediment-tied 
nutrients and pollutants,

 
(e) By occupying beach space bulkheads preempt lebensraum for 
passing fish and upper-beach marine life, 

 (f) While altering lower-beach habitat,

(g) And displacing washed-in algae and its companions (wrack),

 (h) After the beach is disrupted by equipment access,

(i) Meanwhile hindering backshore and above-bank vegetation.
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Some of these concerns relate to early bulkheads placed in the 
intertidal zone to increase upland area.  As mentioned earlier, modern 
bulkheads, by law, are installed snug against the bank, above MHHW. 

Concern (a)  Downdrift sediment reduction and its impacts

Although bulkheads are interesting ecosystems, the key reason for 
their existence is to absorb and diminish wave energy that drives 
substrate flux.  Read erosion of banks’ toes.  Deflected waves move 
sediment; more without than with bulkheads of course.  

The surfaces of about 4/5 of Puget Sound beaches, with and without 
bulkheads, are moving slowly, carried by currents and wind-driven 
waves.15  Some sands and small gravels move outward to deep water; some 
move laterally.  Lateral movement has received the most attention.  
Its speed varies mostly with ‘fetch’ (wind exposure) and beach length.  
It is considered good for bringing sediments to ‘sinks’ and for 
covering areas shorn of sediments; and bad for generating the shorn 
places.  These beaches have a low donor end and a high sink end. 

Drift reaches have been mapped.  There are at least 230 Puget Sound 
transit-neutral beaches that have not budged for decades.  However 
there are 860 places where sediment is clearly in motion along the 
beach.16  Like bluff failures and toe erosion, drift is mostly a storm-
driven winter activity.  It is a slow business and untidy.  The 
insertion of bluff sediments into the beach procession is rather like 
hippopotami mating - episodic, impulsive, ponderous, with thumps, 
bumps, and scattered piles of detritus.   
Downwind drift takes decades to make a difference in most settings, 
depending on the beach’s profile, fetch (the distance over which waves 
build up), the length of the beach, its composition, the sink’s 
buildup, and of course the donor bluffs’ height and fragility.17  I 
have estimated that 60 percent of the variance in alongshore sediment 
movement rates is explained by fetch and drift-cell length.18  That 
leaves only 40 percent to be explained by bulkhead existence or 
placement, bluff geometry, sediment sizes, beach profiles and other 
known drivers of beach dynamics.  Individually these factors, 
including bulkheads, may be relatively unimportant in the greater 
scheme of things.

There is a rather simple concept of (unprotected) bluffs distributed 
above the beach contributing sediments at a steady rate, replacing 
intertidal sands and gravels in a proper proportion to maintain stable 
beach profiles and magically maintaining the right texture and depth 
for intertidal biota without burying creature comforts.  The biota 
include beach hoppers, forage-fish spawners, and the multitudes of 
tiny creatures (hundreds of species with thousands of members per 
square foot) just below the surface of sandy and muddy beaches. 
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With or without bulkheads, most Puget Sound beaches do not conform to 
the model.  For one thing, descent of the “right” sizes and amounts of 
sediments from banks and bluffs depends of course on what’s up there, 
how much comes down, and when.  Too much sediment buries beach 
habitat, often for scores of years.19 

In general, incoming sediments do not keep up with drift.  The result 
is steeper, less-sandy beaches than would occur with abundant supply.20

The research literature does not reveal the ‘right’ sediment yield, 
nor the best schedule for bluff failures, nor how to achieve them.  
Angst focuses on protected sediment-source banks and bluffs, implying 
that there is never a problem with too much sediment.  Yet, “Human 
impacts on kelps probably consist largely of processes that increase 
sedimentation in shallow waters.”21  Too, there can be too much 
sediment for eelgrass welfare.22

Clearly bulkheads succeed in their primary mission of impeding toe 
erosion and thus sediment mobility from behind and above.  It is clear 
also that high bluffs round down over time, ravelling or careening 
over shore protection and plopping onto the beach.  However there seem 
to be no numbers whatever on the effect of bank protection on beach 
sediment supplies and longshore beach dynamics.  And no data is 
reported on the shrinkage of down-drift spits or other features 
affected by residential shore protection. 
A recent synthesis report says, “Although the cumulative impacts to 
the coastal geomorphic system and nearshore habitats resulting from 
severe anthropogenic loss of sediment supply are unknown, impacts are 
likely to be substantial and pervasive.”23  In other words, “There must 
be a problem here somewhere.  We looked but couldn’t find it.”

About (b) beach profile impacts, 

During at least recent centuries the Sound has been swashing its way 
into the land at rates between 2 and 8 inches per year.24

Virtually all Puget Sound beaches are concave upward: They are steeper 
at the top than farther down.25  This regardless of their position on 
the drift zone.  These separate slopes vary considerably. A study of 
23 beaches found upper beaches’ slopes varying by a factor of ten; the 
same for lower slopes.26  Of course slope is irrelevant for isolated 
beach plops whose bulges on the beach may endure for years.

No geologist has suggested the ‘right’ nor ‘best’ beach profile.  Nor 
the ‘appropriate’ beach elevation; interesting questions considering 
that an active drift beach has both high and low ends.  In any case, 
the beach migrates inland as bluffs and banks recede.  On an actively 
eroding, unprotected shoreline a place that is a foot underwater at 
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high tide will be farther under eventually.  If, for example, over a 
decade a bluff recedes 4 inches annually and the slope of the upper 
beach is .10, the beach profile will have moved 40 inches and dropped 
4 inches.  At that rate, on a natural beach, any spawning patches for 
forage fish will have been swept away every year.27  Perhaps their 
salvation lies in some of the spawning gravels being pushed uphill 
rather than rolled away in the longshore drift.  The literature 
doesn’t help here.

Do unprotected low-bank beaches move inland faster than those with 
high banks?  Perhaps.  Over time, assuming the same amount of wave 
energy, low banks drop less material to interrupt toe erosion.  
However faster landward movement of the beach face means more material 
moves off the lower parts of the beach profile, offshore or longshore.  
This narrows the difference in dispersal of dislodged sediments and 
exposure of the banks’ toes.  Visual evidence is complicated by the 
possibility that jutting, tall headlands may be the remnants of tall 
ridges of millennia ago, with low banks between having always curved 
inland.  It is even more interesting considering the many (300-plus) 
beaches where sediment does not move.  The Puget Sound literature 
seems silent on this whole matter.

With bulkheads landward of MHHW “...the structure will in general not 
cause narrowing of the fronting beach.”28  This in places where the 
water table is not elevated in front of the bulkhead, a condition that 
seems unlikely on our relatively steep Puget Sound beaches.

Also, “Only armoring that continually interacts with waves and 
sediment can cause permanent profile lowering.  In areas of coarse 
beach material (not capable of maintaining an elevated water table) 
armoring must be positioned waterward of OHW [≈MHHW] to influence the 
beach in that way.”29  Many Puget Sound beaches are coarse; see (c).

Scouring connotes turbulence-caused scooping of the beach at any beach 
level but usually refers to wave momentum reflected downward at the 
face of a bulkhead or bank.  It also alludes to the beach-top washing 
away of just smaller sediments, leaving cobbles.  The common dynamic 
here is erosion at the toe of the bank or bulkhead.30

A recent study of bulkhead effects on Thurston County beaches31 
involved 29 paired comparisons of bulkheaded with unprotected shores.  
No scouring was found, and no statistically significant difference in 
beach profiles in front of bulkheaded versus bareheaded shores.

The effects of even massive bulkhead projects on beach levels are 
apparently uncertain, as at Steilacoom’s Sunnyside Beach and Seattle’s 
Lincoln Park; both have miles of offshore exposure (fetch).32  A 
researcher seems to cap the shoreline-geometry discussion with, “The 
‘anything-that’s-not-natural-is-not-good’ argument of some 
geomorphologists is inconsistent with the historical and philosophical 



Page 7 of  20

basis that drives humans to improve their living conditions.”33

Coarse beaches (c) are commonly seen around the Sound.  26 years ago, 
Downing34 said, “The most prevalent coastal landforms to evolve from 
the last glaciation are the coarse sand and gravel beaches and high 
bluffs so common along the shores of Puget Sound.”  Macdonald echoed 
that: “The morphology of much of Puget Sound’s shoreline is that of a 
narrow beach fronting steep shore bluffs...The high tide beach has a 
steep face and is composed of coarse sediment.”35  “Coarse” generally 
refers to cobble, i.e. stones of about fist size,36 known for spraining 
the ankles of beach walkers while harboring some key intertidal 
inhabitants.  

Cobbled upper beaches can readily be found in front of bulkheads, and 
in front of unprotected shores as well.  Their development is fairly 
clear: The interplay of waves and currents carries away smaller 
sediments but isn’t strong enough to make the bigger stones travel.37  
There are variations on this theme, with some cobble moving sometimes 
but not as actively as smaller stuff.  There are places where, by some 
mechanism, large round cobbles have been pushed into piles without any 
apparent sorting away of smaller sediments.38  The upper beach is 
especially susceptible because there are more high tides than low, and 
because the uprush of waves is stronger than the downrush.39  “The most 
important ramification of this...is the definition of a narrow high-
tide corridor where wave energy is concentrated and sediment transport 
is most active.”40 One can interpret the literature as saying that 
cobble drives beach steepness, while steepness uncovers the cobble.

Do bulkheads encourage cobble?  As with beach erosion generally, it 
can be increased by wave energy diverted downward at a bulkhead’s 
face, if the bulkhead is reflective and below the high-tide line.  I 
know of no studies measuring cobble volumes relative to the many 
factors involved.  Is cobble bad?  It can be seen as a distinct 
ecosystem (as is riprap, by the way), neither good nor bad in the 
large scheme of things.  However, once exposed, cobble helps capture 
and hold smaller sediments.41

Turbidity (d) is the constant companion of waves crossing the beach. 

Turbidity (suspended sediment) is essential to beach nourishment and 
longshore beach movement, considered desirable.  The choices presumed 
by this issue are at the beach’s top, between a bank and a bulkhead, 
either of which generates turbulence, hence sediment erosion, hence 
transport of nutrients and pollutants if they are attached to 
sediment.  Phosphorus, a nutrient, is an example.  

Bulkhead observations have shown that riprap reflects less energy 
downward than smooth concrete bulkheads, and any bulkhead above the 
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high-tide line is fairly harmless relative to the beach.42  So, if 
sediment-borne nutrients and/or pollutants are an on-site concern, a 
beach-top riprap bulkhead will presumably restrain upshore sediments 
with, relative to a vertical shore, tamed turbidity.

Occupation of upper-beach habitat (e) is an issue readily surmised 
from aerial images of beaches with bulkheads imposed well out from the 
backshore.  These are from another time, and they tend to fail sooner 
than bank-hugging structures.

How many, how far, how soon, and so what are interesting questions.  

The concern for upper-beach habitat centers mostly on spawning places 
for forage fish, particularly sand lance and surf smelt.  However, for 
surf smelt, there is said to be a surplus of habitat.  This means that 
many beach reaches with characteristics seemingly right for the fish 
are unused.43  The reason is unknown.

Removing protruding bulkheads is sometimes touted.  This seems to beg 
the question of beach smothering by subsequent bluff failures.  And 
most Puget Sound beaches are below steep slopes.

An inventory of beach habitats on Bainbridge Island has shown that 
about half of the habitat suitable for sandlance spawning is in front 
of bulkheads.  The figure for surf smelt is almost three-fourths.44  
This does not mean that bulkheads are good for spawning.  However 
given that many bulkheads have been in place for decades, and some 
beaches heavily protected for more than a century, it suggests that 
bulkheads may not be vile.

Lower-beach habitat degradation (f) associated with bulkheads is more 
likely habitat change.  This issue starts with the presumption that a 
bulkhead will effectively forestall beach plops to a wave-active 
beach, and that this will cause a decline in the beach profile, 
perhaps to a hardpan layer.  First, this is unlikely at the accretion 
end of the drift zone and of course isn’t relevant to non-drift 
reaches.  Second, there is no documented reason to believe that, on 
unprotected beaches, sediment contributions from banks and bluffs keep 
up with their sweeping away by storms and currents.   Third, even 
hardpan has its biota.45  

Open sand would erode to mixed-course sand, gravel, hardpan, and 
finally, bedrock.  This would mean a shift from an assemblage 
dominated by small crustacea (harpacticoid copepods, amphipods) 
at higher elevations and eelgrass...in the lower intertidal zone; 
through an Ulva [sea lettuce]-hardshell bivalve habitat; to one 
containing primarily crustaceans such as isopods and larger 
amphipods; to barnacles and rock-boring bivalves; and finally to 
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barnacles and seaweed.46

...a mix of sand and gravel would change from an assemblage of 
small crustacea, bivalves, and eelgrass to rocky/hardpan 
communities composed of barnacles, seaweed, and other associated 
flora and fauna.47

So there is certainly a change in the ecosystem at those sites.  Its 
extent is, curiously, not estimated in the King County shoreline 
assessment mentioned nor in a Thurston County study of bulkhead 
effects48.  Hardpan exposure is not even mentioned among 36 kinds of 
data in a shoreline assessment for Bainbridge Island.49  It is a local 
change in a perennial landscape of change as bluffs retreat and 
beaches slide landward.  And the replacement organisms all are useful 
prey for other marine creatures.  

Bulkheads were indicted in two studies in which traps were set to 
catch insects and other arthropods on upper beaches that have, versus 
have not, bulkheads.50 Bulkheaded sites had no trees, and produced 
fewer invertebrates.  However in one study the results were 
compromised by differential placement of the traps relative to the 
shore, and in both studies findings were confounded by the presence of 
standing and flowing fresh water in the non-bulkhead places; water and 
riparian vegetation were sure to produce inverts.51  It was interesting 
too that even the bulkheaded sites received substantial numbers of 
insects and their cousins.

Another study52 looked at benthic fauna (critters within the beach) in 
the intertidal area below bulkheads set above mean high water, 
comparing them with sites at the same level on beaches lacking 
bulkheads.  52 samples were taken around Puget Sound, with varied 
vegetation situations.  There was no significant difference in biota 
between bulkheaded and bareheaded beaches.53  This was confirmed in a 
study mentioned earlier,54 in which there was no difference in the 
number of subsurface macroinvertebrates (worms, beetles, beachhoppers, 
et al) between ‘altered’ and ‘natural’ beaches’.

Sediment displacement, or lack of it, to the benefit of kelp, 
eelgrass, and other seaweeds may be a zero-sum exchange, depending on 
how the matter of the right amount of substrate needed is resolved 
someday.55  Shellfish endure the same uncontrollable variance in 
substrate conditions.  Bluff failure can cause major sediment overload 
problems where shellfish is farmed or growing naturally.56  

And there is no way to adjust ‘feeder bluffs’ to feed just the right 
amount to drift in the right direction in the right amounts at the 
right tides during the right winds to suitably succor eelgrass 
substrate without overdoing it.  Too, recent research indicates that 
water temperature can be more critical to eelgrass than sediment flows 
in some venues.57
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On Bainbridge Island the mileage of eelgrass exceeds by half the 
extent of herring spawning.  Given that herring prefer eelgrass as 
egg-laying sites, is this a case of too much eelgrass, too few 
herring, or something else?  The literature does not say.  It does not 
seem to signal a scarcity of eelgrass, a conclusion supported by 
surveys elsewhere in the Sound.58

About wrack (g), the upper-beach line of decaying seaweed, leaves, 
kelp, and general drift debris, smelly at times, is haven to certain 
amphipods (beachhoppers)59 consumed occasionally by passing fish60.  

Whether there is a need for or sufficiency of leaves in the leaf-
shedding season is unknown and unexamined.  Fall may not be a needful 
time for more soggy plant tissue considering this is also the time of 
kelp and other seaweed demise.  The whole wrack matter may be 
irrelevant to bulkhead policy: an above-mentioned study found no 
difference in wrack invertebrates between bulkheaded and bareheaded 
beaches.61

Here again, bulkhead placement makes a difference.  Although 
invertebrates may feed on seaweeds wherever they wash, including 
riprap fissures, prone and wet is the popular posture for wrack.  
Beach space clearly counts.

Construction disruption (h) is controllable.  Rules already limit the 
seasons for bulkhead work.  When I raised this issue with the DNR 
piling pullers, their head said that the barge never touches the 
beach.  A barge on the beach would certainly crush some benthic biota, 
including clams and small invertebrates, whose recovery volume and 
time are on the order of millions and months.  Assuming two barge 
visits per century, This may not be a ponderous problem.  Particularly 
considering the alternative: bluff collapse with beach-plop burial of 
these biota, in some cases for decades62.

Backshore vegetation and diversity (i) may or may not be affected by 
bulkheads, depending again on how close the protection is to the bank, 
the character of the backshore, and the propensity of the upper bluff 
to descend, with and without the bulkhead.  As Grandma said, “Bluffs 
will be bluffs,” unpredictable and driven by seeping demons.

Trees overhanging upper beaches have been considered a habitat asset.  
Their mention here reflects several analysts’ incorrect assumptions 
that bulkheads are somehow hostile to trees and their shade.63  
Relative to exposed banks, bulkheads may be the salvation of trees.  
Inspection of shorelines reveals many instances of trees leaning out 
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from behind bulkheads.64

The no-tree presumption has led to scholarly mischief.  Two recent 
studies purport to find bulkheads at fault in the (summer) heating of 
upper beaches, leading to surf-smelt egg mortality.65  Their results 
are hopelessly confounded by the authors’ decisions to compare no-tree 
bulkheaded sites with treed no-bulkhead beaches.  Sure enough, beach 
temperatures and egg mortality were higher in front of the bulkheads.  
But “shoreline modification” was not the cause.  ‘Twas shade’s 
absence.

Another artifact of the bulkheads-discourage-shoreline-trees dogma is 
that without trees, insects will not fall from the foliage to nourish 
passing juvenile salmon.  Diet studies have shown that insects make up 
about 12 percent of young salmons’ diets.  However tree-dependent 
insects account for only about 1.5 percent of diets.66

Two more arguments, both lacking any research basis, about shoreline 
trees.  On is that shade is important to passing fish.  This is 
relevant to streams, but hardly to salmon that travel long distances, 
in many directions, in open water.  Too, shade for them is relevant 
only at highest tides, in daytime, on sunny days, in sun-exposed 
reaches.  

The second point is that leaves from trees, especially alders, 
contribute nutrients, especially nitrogen, to the salt chuck.  
Research in Hood Canal is showing that more nutrients are hardly 
welcome, with nitrogen in excess in a number of places.67  

The bottom line seems to be that where bulkheads keep bank and upslope 
vegetation from collapsing, upshore habitat is helpfully maintained.  
A no-net-loss situation.

SOME CONCLUSIONS ABOUT THE ISSUES

(a) Surface sediments are pushed along most but not all beaches, with 
and without bulkheads.  The speed is slow; the volumes may or may not 
be large depending on a half-dozen factors.

Sediment reduction is an almost certain product of bulkheading plus 
whatever protection measures are taken at the tops of tidal shores.  
However the ‘right’ volume of sediment plops is elusive, partly 
because equilibrium beach levels are typically decades long in 
development, with interruptions by storms and slides that are erratic 
in timing and size.  The effect of residential bulkheads is much 
proclaimed but little measured.  However a Thurston County study 
showed no significant sediment-related effects from protected relative 
to unprotected beaches. 
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(b) Beach profiles (at right angles to the shore) migrate shoreward as 
beaches invade banks.  Beach plops slow this process, and bulkheads 
largely stop it.  A Thurston County study found no significant profile 
effects of residential shore protection.  That study should be 
replicated northward.  However the literature indicates that bulkheads 
placed above ordinary high water (≈mean higher high water) will not, 
in general, cause narrowing of the beach.

(c) Coarse upper beaches (gravels and cobbles) is the common condition 
on Puget Sound, with and without bank protection.  So are concave-
upward beach profiles, for the same reason: wave action.  Again, 
bulkheads beyond waves’ reach are blameless (if coarseness is a 
problem, which is debatable).

(d) Turbidity may be generated by waves hitting the beach, a bulkhead 
or bank, whichever waves attack.  Whether turbidity occurs depends on 
fines in the beach and bank.

(e) Putting bulkheads on upper-beach habitat is illegal.  

(f) Beach-habitat “degradation” is more like habitat change.  Much 
depends on whether sediment on site is a lot, a little, or ‘just 
right’ for a particular array of beach life.  Those arrays vary among 
sediment situations.  Research has found no difference in benthic 
(beach surface and just below) fauna between protected and bareheaded 
beaches.

(g) Wrack’s presence clearly depends on unfettered upper beaches, as 
well as abundant seaweed and backshore contributions.  Tree 
(especially alder) leaves are acquiring displeasure because of their 
nitrogen content.  Ditto for lawn clippings.  Yet wrack residents 
(beach hoppers et al) depend on these and other nutrient sources.  In 
any case, a legally placed bulkhead does not block wrack’s arrival.

(h) A third of Puget Sound beaches are bulkheaded.  There is no 
evidence that their construction has affected the present nor past 
welfare of beach life.  Equipment disruption covers so little of the 
Sound at a time, so briefly, that it must be trivial relative to, say, 
the impacts of a single major storm.

(i) Backshore and upshore vegetation differ.  Active beaches typically 
have no backshore (a terrace just above the reach of most tides).  
Accretion (sediment-receiving) beaches may have.  Sea grasses, some 
shrubs, and even trees may reside there.  Removing that area to site a 
bulkhead is presumably illegal.

The upshore (above the bank or bluff) is, after all, protected by 
bulkheads to the extent that they forestall landslides.  Trees in this 
zone are risky and discouraged.  Other vegetation may include lawn 
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grass and landscaping; the former is the best cover for discouraging 
surface erosion.  In any case, a premier reason for toe protection is 
to guard this area.

SOME IMPLICATIONS

For Restoration –- 

Given a desire by some people - the natural world manifests no preferences - 
for a shoreline world of another time, a first question is, “What shall we 
mimic?”  Perhaps the most interesting and different environment would be that 
of 5000 years ago, when shoreline slopes were fluted but gentle, the climate 
was warm, an oak-grass savannah prevailed, and our more familiar shrub-
conifer environ waited in the foothills.

Relative to that time, natural forces have totally destroyed 60 percent of 
Puget Sound shores by converting them to bluffs.  Beaches have been 
dismantled and rebuilt landward, from original shapes that we know not.

A more recent setting would be that of the “Medieval Warming” period of 
1400-1650, when conifers came down to the low lands.  This might be more 
consistent with the global-warming epoch that some perceive or expect.  By 
then, perhaps only half of Puget Sounds edges had been shorn away.68

Another target for the Puget Sound’s edges might be the “pre-settlement” 
surround of, say, 150 years ago, though it ignores the earlier Native-
supporting woodland backdrop, frequently afire and thus a patchwork of 
vegetative and habitat types in proportions largely unknown today but 
apparently only partly ancient forest.  One estimate is that only 30 to 70 
percent of oldgrowth stands were really old: The rest had burned or was 
otherwise destroyed.69

Cutting through these visions of olden times has been the inexorable storm-
driven episodic erosion of shores, landslides, and landward invasion of 
beaches.  Were it not for invasiveness, these local catastrophes would have 
meant extinction by geocalamity for most intertidal biota.  Is that our 
preferred shoreline dynamic?

If not, at what point do we want to stop the clock of paleohistory?  Perhaps 
the aim is not to stop the clock at all, but rather to perpetuate a rate of 
change.  On Puget Sound that presumably means some momentum toward a flatter 
earth, shallower tidewater, and bluffs all round.  Is the present rate about 
right?  If not, how does one rationalize a different dynamic?

Meanwhile, the shoreline environment - upshore, backshore, beaches - probably 
does not care.  Shore life will ebb and flow, always occupying our 
irrepressible biome.
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For equilibrium –-

This paper has painted a picture of constant small ecologic disturbance along 
wave-pressed shores.  But in all that turmoil there can be composure.  Those 
230 transit-neutral beaches are examples, on which sediment arrives from 
bluffs and creek-supplied sediment fans at the same rate as it disperses.70  
This is dynamic equilibrium, like an engine purring along at a constant 
speed, fed by a constant flow of gas.

The concept is applied as well to up-down sediment movement across the beach, 
with waves’ energy just enough to preserve the beach’s profile without 
scouring into the bank for new material.71  Sediment moves, but the amount 
pushed uphill equals the amount washed down.  This is most likely where storm 
winds come straight into the beach.  Equilibrium may not occur until fine 
sediments have mostly been bounced down the beach, leaving cobbles too heavy 
for the surf to budge.72

Another longshore case of equilibrium occurs when the receiving end of reach 
‘fills up’ with sediment.  By this I mean that the longshore gradient 
(steepness) of the bank has increased enough that storm waves exhaust their 
energy against that slope.  How often this occurs I know not.

Equilibrium also occurs when sediment inputs to a drift reach are zero, with 
wave energy dispersed across bedrock or cemented hardpan.
Over time the downdrift end of the beach may depress from its previous 
fulsome level, while the intermediate beach may or may not change depending 
on wave behavior.  Habitat implications of such drift cells are “species 
assemblage shifts”73 (changes in the arrays of species).  See the discussion 
of habitat change (f) earlier.

For research –- 

Interactions of wave, current, and sediment dynamics remain elusive even at a 
conceptual (model) level, because most research has come from vastly wide 
water bodies with wide-sloped, largely sandy beaches.

Not yet quantified are such basic dynamics as the steepness of beaches 
relative to natural circumstances; destinations of colluvium (offshore versus 
lateral) and time frames relative to bluff geometry; temporal changes in 
down-drift beach profiles; relative effects of seawalls, riprap protection, 
and left-alone shores; joint relationships of toe exposure and bluff-top 
hydrology in activating failure of key geomorphic structures; the tendency of 
colluvium to override bulkheads; nor even the relative importance of small 
streams in delivering sediments to the shore.  Concerning beach coarsening, 
it is not clear whether steep beaches encourage big stones, or the reverse.  
Nor, apparently, is there much evidence as to whether beach changes trigger 
protection decisions or the reverse.  Nor, in much of Puget Sound, whether 
shoreline protection has much effect at all on marine life.

Research on these subjects continues to be sparse, and the outlook is not 
bright considering fiscal circumstances and the determination of leadership 
at the state level to place action well above science.
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