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SUMMARY 

 
 
The paper under review (hereafter “Brennan et al”) moves toward 
proposed widths for buffers adjacent to Puget Sound shorelines.  
The destination is widths for each of seven buffer “functions”.   
Three routes are involved.  The first ventures to a 1993 “FEMAT” 
report for data, from which 80-percent levels of buffer 
“effectiveness” are entrained.  The second route is an excursion 
through selected literature.  The third takes a group of experts 
aboard for counsel and affirmation. 
 
This review criticizes the conjecture that buffer objectives and 
efficacy on headwater streams in old-growth forests, and buffer 
performance in erosion-prone farms and feedlots, have direct 
relevance for nearshore tidewater ecotones.  Most of the Brennan 
paper’s science sources are irrelevant to tidewater buffering. 
 
The paper discusses seven functions of freshwater riparian areas 
and associated buffers.  All seven, considered desirable for 
streams, have effects deleterious to marine nearshores. 
 
Despite the well-known diversity of aquatic and marine shore 
situations, the paper advances one-size-fits-all-places 
buffering, and arrives at buffer widths by improper use of 
averages and ranges.  It also arrives at “effectiveness” levels, 
generally without defining effectiveness in quantitative terms. 
 
Brennan et al relies only fractionally on recent research; and 
many statements are unfounded.   
 
At no point does the paper indicate the relevance of upshore 
ecosystems, whether buffers or residential places, for marine 
biota.  Nor does it treat socioeconomic aspects of nearshore 
buffering, despite obvious reasons to do so. 
 
These problems and others are discussed here, as well as the 
cautious conclusions reached by a panel of experts.  While the 
paper cites some interesting research it offers little valid 
guidance fur tidewater nearshore buffering.  
 
This paper drew my attention because I had been involved in 
research leading to the 1993 FEMAT report, and because later I 
became interested in various aspects of buffering.  I reviewed 
over 3700 published, peer-reviewed papers on buffers and related 
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subjects.  That exploration generated considerable skepticism 
about the relevance of freshwater studies to Puget Sound 
buffering, as well as the general efficacy of tidewater buffers, 
which scepticism has not been diminished by Brennan et al. 
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THE 1993 BUFFER-EFFECTIVENESS VENTURE 

 
 
Brennan et al relied heavily on this earlier enterprise for 
buffer-efficacy relations. 
 
 
FEMAT, in 1993, assembled science relating to old-growth 
headwater streams  
 
The Forest Ecosystem Management Assessment Team (FEMAT), a large 
group of scientists, joined to devise a version of forestry that 
would be applied throughout the range of the northern spotted 
owl.  This was response to a court-ordered halt in Northwest 
federal timber sales.  The work was hasty, driven by anxiety of 
the timber industry to get back to work, and by equal anxiety of 
the environmental community to forestall further loss of old-
growth forests.  The FEMAT report2 appeared quickly, and large 
areas of federal backcountry (as much as 85 percent, varying by 
national forest and Bureau of Land Management district) were put 
into reserves.  
 
The work included planning for more than spotted owl welfare.  
In fact most of the reserved lands were streamside (‘riparian’) 
reserves to protect flowing waters.  The analysts were surprised 
by the extent and roles of small and intermittent streams in 
freshwater habitats: They account for over 70 percent of stream 
channel lengths in PNW mountain watersheds.3 
 
 
Those findings and associated conjecture were embedded in the 
Northwest Forest Plan4 
 
That plan, issued in 1994, replaced standard fixed-width 
riparian buffers, usually 100 feet along fish-bearing streams, 
with purportedly site-specific widths that, in practice, were 
invariant across broad portions of watersheds.   
 
 
“Site-Potential Tree Height” was introduced as a metric 
 
This apparently came out of increasing interest in fallen trees 
relative to stream geometry.5  The intent was to identify the 
greatest distance from which a down tree could engage the 
stream’s bank.  It was understood that many if not most buffer 
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trees would not actually reach the stream.6  Another reason given 
for using tree heights was that it was “...a better 
indicator...of degree of shade than is an arbitrary distance.”7 
 
In any case, the SPTH measure remains in use. 
 
 
This measure presents certain problems in the forest and even 
more if applied in the tidewater nearshore 
 
First, “site potential”.  Site is a classification (usually I 
through V) indicating the relative productivity of the place for 
trees.  If no trees are present site class is sometimes judged 
from stumps’ growth rings; more often just guessed from other 
vegetation.  Tables have been developed to relate height to age 
for the various sites, however another problem is that sites are 
often enhanced with fertilizers, competing veg is removed, or 
thinning is done, all of which can change heights and thus 
apparent site quality. 
 
Another SPTH issue is which species to use, given that different 
kinds of mature trees have different heights.  FEMAT chose old-
growth Douglas-fir trees, even though many streamsides support 
alders, willows, and other species.  Along tidewater add cedars 
and madrones.  All are much shorter at maturity than firs. 
 
Finally is the mere matter of relevance.  SPTH is a code whose 
comprehension involves consulting a manual for each organization 
that uses the tree-height metric. 
 
Buffer widths were based on old-growth heights.  This made sense 
where old trees were present; little sense where streamsides had 
been harvested, with old-growth-like conditions and ancient-
forest character recessed perhaps for centuries.  Later it was 
conveniently concluded that “late-successional” features, 
presumed to accrue by age 100 or so, would suffice. 
 
Indeed, even in federal forests the notion of relating 
management to old-growth parameters was dubious.  “It is 
estimated that the amount of old growth forest probably ranged 
from 25 to 75 percent during the last 3,000 years.”8 
 
All stream buffers were assigned width classes varying only by 
stream size and the presence or absence of fish.  This on 
federal forests throughout virtually all of western Washington 
and western Oregon. 
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FEMAT adopted conifer-oriented Site IV for almost all places.  
This meant a SPTH of 150 feet.9  All buffer widths were expressed 
as ½, 1, or 2 SPTHs.  Shorter SPTHs were identified for alders 
and other common shoreside trees, but were not used.  So much 
for diversity. 
 
 
“Effectiveness percentage” begged the real effects issue. 
 
FEMAT never identified ‘effect’ in measurable terms.  There was 
vague reference to ‘percent of attributes’ and ‘percent of 
functions and processes’ without signaling how one would 
recognize a hundred percent or any other proportion.  Thus, for 
example, would 50 percent of shading effectiveness mean that 
shade occurred over half the space, or cut off half the 
insolation, or accomplished half of whatever shade was expected 
to generate, or protected half of whatever shade was considered 
able to defend? 
 
 
FEMAT considered habitat factors important to streams.  There 
are fallacies entwined in transposing science from old-growth 
high-country streams to tidewater.   
 
The FEMAT factors were10  
 

Microclimate (soil and air temperature, soil moisture, 
relative humidity, radiation, and wind speed) 

 
 Root strength (slope stability) 
 
 Litter fall 
 
 Coarse wood debris to stream (large woody debris or LWD) 
 
 Shading 
 
The Brennan et al buffer functions were those plus11 
 
 Water quality 
 
 Fine sediment control (surface erosion) 
 
 
In dealing with the FEMAT functions that group produced plotted 
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curves of buffer effectiveness.  
 
Those curves are in Figure 1, attached.  Note that 
‘effectiveness’ is not really defined, and that distances are 
given in 150-foot SPTHs. 
 
Notice too that incremental effects of riparian vegetation 
decrease with an increasing distance from the streambank.  
“Generally, most ecological processes occurred within 100 feet 
[the old standard buffer width] (about two-thirds the height of 
a site-potential tree).”12     
 
Brennan et al borrowed similar curves for water quality, from a 
publication discussed later. 
 
 

IRRELEVANCE: HEADWATER ECOLOGY AND TIDEWATER ECOTONES 
 
 
Brennan et al is largely wrong in equating marine nearshores 
with freshwater riparian areas. 
 
Marine life is very different from aquatic fauna.  A Scripps 
Institution professor has remarked, “...seawater is a toxic 
material to most land organisms and highly inimical to their 
survival...”13  
 
Few marine shore birds stroll the margins of streams. 
 
The effects of trees falling toward other trees are very 
different from trees falling toward nearshore houses.  And trees 
falling into streams have dynamic roles, while those in 
tidewater are largely static.  Even in the best of windthrow 
worlds, the roles of downed trees are very different along 
streams relative to tidal shores. 
 
The biota of stream-held logs are different from those in beach 
logs. 
 
Most waters in country covered by FEMAT are seasonal; those on 
the Sound are diurnal. 
 
Wind’s role along streams is very different from its intertidal 
activities. 
 
Old-growth forest headwater streams are typically high-gradient 
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and narrow  
 
Fire has played a determining role in backcountry forests and 
riparian areas; burning bushes along the bay are rare. 
 
Aquatic insects are key players in streams; neither they nor 
other insects have much to do with tidewater, where they play a 
minor role in diets of juvenile salmon. 
Nutrients are scarce, limiting, and welcome in forest streams; 
they are (perhaps wrongly) considered hostile in the Sound, 
where oceanic sources are immense.  $15 million is about to be 
spent at the Central Kitsap sewage plant to keep nitrogen out of 
Puget Sound; meanwhile volunteers are hand-carrying high-
nitrogen salmon carcasses to forest streams.  A noted marine 
biologist has suggested that primary production in tidewater is 
constrained by light, not nutrients.  
 
Snow and ice are common arrivals in FEMAT-related riparian 
areas; not so along the Sound. 
 
Eroded tidelands are considered problems along tidal routes; 
eroding beds are a natural part of the aquatic profile.  
 
No research has shown that humidity, air temperature, windspeed 
gradients, nor soil-moisture profiles are the same above 
tidewater shores as those adjacent to streams. 
 
FEMAT deals with surface erosion (sediment) from old-growth 
logging on steep slopes.  Most of the literature cited by 
Brennan et al on this subject is from the East and Midwest, 
involving row-crop agriculture, overgrazed pastures, and 
feedlots.  No research has shown that Puget Sound nearshores 
share any of these causes, nor the effects whatever their cause. 
 
Mosses, lichens and amphibians have major presences and are 
major concerns in managing forest nearshores.  They are absent 
or minor matters along Puget Sound. 
 
Shade is important to water temperatures in streams; virtually  
irrelevant to tidewater.  
 
 
Brennan et al’s general approach to buffer-width conclusions is 
convoluted. 
 
Brennan et al curiously defines buffers as representing “mature 
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vegetation”.14  Since the report extrapolates from FEMAT findings 
for old-growth forests, we must assume that trees are implied.  
Yet 80 percent of Bainbridge Island is developed, much of it 
landscaped with perfectly functional lesser vegetation that is 
not “mature” nor looming like trees.  Obviously “mature” needs 
further explanation. 
 
In their employment of FEMAT curves, Brennan et al inexplicably 
‘grew’ site-potential tree heights (SPTHs) to 200 feet from the 
officially prescribed 150 feet.  This alteration appears 
throughout the Brennan et al paper.  Its effect is to falsely 
indicate buffer ‘needs’ one-third wider than FEMAT counseled.  
Where the paper notes that FEMAT curves flatten at 80 percent 
effectiveness15 at .6 SPTH, they convert this to 122 feet when it 
should be 91 feet.16  This leads to a one-third overstatement of 
indicated buffer widths. 
 
 

LOOKING BEYOND FEMAT 
 
 
Passing on from the distorted FEMAT material to other 
literature, Brennan et al assembled six other review documents, 
listed at their page 3, dealing with buffers.  They were 
considered “thorough, frequently cited, scientifically sound”, 
and relevant to the region.  It is not clear how they were 
employed; presumably as sources of specific studies reviewed 
later and listed in Appendix C. That appendix summarizes buffer 
findings from 20 studies.  
 
“Relevance to the region” meant, to Brennan et al, Washington 
State or the Puget Lowland or coastal systems.17 
 
“Relevance” is certainly relative.  Of the six non-FEMAT sources 
all had six defects.   
 
One is the ecogeographic sources of the studies reviewed.  Even 
the nearby-authored science reviews relied mainly on fetched-far 
studies, dealing mostly with agricultural pollutants.  I picked 
two of the Brennan et al-chosen literature surveys to examine 
their analytical worth: Desbonnet et al and May (I used the May 
2003 report to Kitsap County).18  The May collection covering 
pollution buffering included 23 studies of pollutant buffering 
and 24 studies of fine sediment removal.  Desbonnet used 16 
studies for nitrogen, 17 for phosphorus, 10 for sediment.  
Almost without exception the research had been done in the 
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Midwest and East Coast, involving manure or cropland.  
 
Second, given the very large number of such studies world-wide, 
it is not clear what criteria May and Desbonnet (and the others) 
used in choosing the cited studies.  For water quality studies 
to be relevant to Puget Sound, most should have been done in 
places with: 
 
 Slopes like ours, above and within the study buffers 
 
 Shallow soils like ours, underlain by hardpan or bedrock 
 
 Fall-winter research when vegetation is dormant like ours 
 
 Prolonged rains, not short burst typical of Midwest and 
East 
 
 Threats that aren’t farm-related 
 
 Threats of long duration, not short pulses  
 

Buffers that are exclusively grass or shrubs or trees.  The 
kind of vegetation, like slope, is highly important to 
buffering. 

 
These criteria exclude most studies included in Brennan et al’s 
research surveys. 
 
Third, Many of the study reports seen by the Brennan et al 
analysts do not report key factors like those listed just above.  
Those reports should be excluded pending full information. 
 
Fourth, the Brennan et al paper deals in averages (Appendix G) 
and ranges (Appendix C) of effects but does not portray effects’ 
dispersion.  These are available in at least the May and 
Desbonnet reports (FEMAT shared this failing).  When WDFW 
resorted to averaging19 Buell20 commented: 
 

There is no scientific or technical basis for the use of 
averaging, taking the median value, or any other measure of 
“central tendency” when arriving at a conclusion regarding 
the effectiveness of protective measures, such as 
streamside buffer widths, without first evaluating the 
relevance or appropriateness of each of the values being 
used in the analysis to the watershed or stream types 
subject to protection.  At the very least, some reasoned 
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analysis must be performed and a weight assigned to each 
value reflecting the similarity of the watershed, 
vegetation condition, and fish and wildlife resources 
present prior to arriving at a conclusion....The best way 
to use the research is to choose one or more scientific 
studies which apply particularly well...and use those 
studies for guidance. 

 
Fifth, where effects data, relevant to buffer width, is 
tabulated, there are no tests of its statistical relevance.  I 
did so for May’s compilation for fine sediments and Desbonnet’s 
on sediments, nitrogen and phosphorus, using nonlinear 
regression suggested by Desbonnet.  In every case except 
phosphorus the equations could reasonably predict intercepts but 
not slopes.  This supports the hypotheses that buffer width had 
an effect, but that effect did not change with buffer width.  A 
change of buffer width did not produce a predictable change, up 
nor down, in pollutant reduction.  Phosphorus met conventional 
standards of predictability. 
 
Sixth, few studies report the absolute quantitative reduction in 
pollutants, in addition to percentages.  (Desbonnet’s Table 2 is 
an exception.)  So Brennan et al follows the easy route, to 
percentages.  Yet the streams are affected by absolutes, not 
proportions. 
 
 
Brennan et al chose a one-width-fits-all-sites approach. 
 
The authors gave little recognition and no quantification to the 
diversity of conditions in forests and along saltwater shores.  
This despite the wide range of ecologic circumstance implicit in 
the broad spectrum of buffer widths found in the literature.  
There seems, in the paper, to be an underlying unverified 
presumption that one size fits all across wide ecologic strata. 
 
 

THE PANEL OF EXPERTS 
 
 
A panel of specialists had concerns about extrapolating old-
growth streamside science to marine shores. 
 
The tables and curves were handed to a group of specialists in 
marine or freshwater matters.  The experts agreed that the 
effectiveness curves (in Figure 1 here) are conceptually correct 
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(Brennan et al page 8).  Diminishing marginal returns are 
fixtures of analytical ecology and appear in all the FEMAT 
curves. 
 
The group was asked to “provide their opinion on the capacity of 
undisturbed marine riparian areas to provide each function or 
process on a scale of 1(lowest) to 10 (highest)” (p. 108).  The 
panel chose woody and leafy debris, runoff and erosion as most-
important near-marine concerns (p. 129). 
 
The panel clearly did not choose to draw tidewater buffer-width 
guidance from streams.  They were cautious about ascribing the 
conditions and dynamics of transitional stream riparia to the 
abrupt ecotones at marine fringes.  They did not subscribe to 
notions that marine pollutant dynamics are analogous to those of 
streams (p. 111).  They noted that the mechanisms and benefits 
of shade differ between streams and the marine environment (p. 
114).  They learned that most marine driftwood comes from 
distant places, while large woody debris in streams is mostly 
from adjacent slopes.  They agreed that while leaf litter has 
comparable roles, associated insects dominate fish diets in 
streams but are minor in tidewater (p. 119).  They identified “a 
strong contrast in natural and anthropogenic sediment issues in 
freshwater and marine systems” (p. 122).   
 
 

THE SEVEN RIPARIAN FUNCTIONS 
 
 
Following are comments on individual functions: FEMAT’s 
treatment, subsequent research, Brennan et al’s research 
selections, and the science panel’s conclusions. 
 
 
MICROCLIMATE 
 
FEMAT was “...aware of no reported field observations of 
microclimate in riparian zones...21  They relied on a single 
study of the microclimate factors inside old-growth forests, 
relative to distance from adjacent clearcuts, at two places in 
the Cascades.22  That this study had little relationship to the 
structure and dynamics of stream riparia was necessarily 
overlooked. 
 
Riparian microclimate is influenced heavily by wind exposure, on 
both the uphill and stream sides.  Not only are usual conditions 
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affected but also the range of variability.  These matters were 
under discussion at the time of FEMAT but not quantified.23  
Indeed the first sentence in the previous paragraph was repeated 
verbatim eight years later.24 
 
FEMAT emphasis on microclimate was based primarily on the needs 
of mosses, lichens, and amphibians.25 [Mosses are present in 
Island tidewater yards to nuisance degree, while amphibians stay 
well away from the shore.] FEMAT ascribed the distinct 
microclimate along stream channels to cold air drainage and the 
presence of turbulent surface waters.26 
 
Subsequent research has included studies of water seepage into 
and away from streams at levels below the water’s usual surface 
(hyporheic flow).  It is this two-way interchange that is 
primarily responsible for the kinds of life adjacent to 
backcountry streams, because of bacteria and invertebrates that 
ride along.27 [Such kinship would be fatal to upland biota along 
tidewater shores.] 
 
Given that microclimate in riparian areas is defined largely by 
cold-air drainage and interaction with fresh water,28 it is hard 
to find a logical tie between headwater-stream microclimates and 
those of the Puget Sound nearshore. 
 
Brennan et al’s research selections are not specific to 
microclimate within buffers but rather to shade beyond. 
 
 
SHADE 
 
FEMAT relied apparently on two reports, both suggesting that 
old-growth buffers (of unknown character except 100 feet wide) 
could create as much shade as broader ancient forest.29 
 
Dr. John Pizzimenti30 has reported: 
 

The Oregon Forest Industries Council commissioned a review 
study of the scientific evidence supporting the FEMAT 
riparian shade effectiveness curve.  The resulting 1999 
report found that neither the scientific source nor the 
technical basis of the FEMAT shade curves could be 
independently verified.  In addition, the data and curves 
from the FEMAT-referenced studies did not fit the published 
FEMAT shade relationship.  The same study also found 
empirical data that indicated that the FEMAT curve 
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underestimates the shade contribution from riparian 
vegetation. 

 
Subsequent research has been considerable, with special emphasis 
on shade along small streams, where trees and shrubs may arch 
over the waterway or shade it from a distance.  The possibility 
of temperatures lethal to fish has been confirmed and the wide 
variation in, and numbers of, factors affecting temperature have 
been measured.  Temperature has little to do with buffer width, 
much to do with buffer height, stream width and its compass 
orientation, and solar angle.31 
 
Biomass studies have substantially altered professional thinking 
about stream temperatures.  Net biomass production in streams 
can increase with high temperatures even when (rarely) the heat 
is lethal32.  This because juvenile fish mature faster and their 
prey are more numerous and also faster growing.33   
 
Biomass production may depend inversely on buffer presence.  In 
western Oregon, “net primary production” of biomass in clearcut 
streams was 8 times that of closed coniferous forests.34  
Likewise, shade over smaller streams can “result in light levels 
that sustain only low levels of aquatic primary productivity, 
such as by algae and mosses”35.  In the south Sound coho spawners 
refused to enter several creeks because their sources were cold 
hyporheic (underground) water close to the Sound.36 
 
Brennan et al’s research selections come almost entirely from 
the realm of small backcountry streams, with shade arching over 
from both sides, and a primary focus on water temperature.   
They employed only one of the citations listed here and 
apparently ignored all of the numerous published reports showing 
that shade can retard stream biomass production, including fish.  
I have listed more than a dozen such reports in end notes 
herein. 
 
Two of the Brennan et al tidewater citations (Rice and 
Sobocinski) are of little use because of study design37 and   
another (Brennan and Culverwell) is not primary research. 
 
There is reference to a discussion of barnacles’ seeming 
sensitivity to exposure in the latitude of La Jolla, accompanied 
by conflicting experience with limpets.38  Ricketts saw 
desiccation as separate from and more important than high 
temperatures, though both are factors in the upper-intertidal 
zone.  That reduced underwater time caused correspondingly lower 
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exposure to food supplies was given little emphasis.   
 
Brennan et al’s conclusions include an effectiveness percentage 
graph, related to buffer width, with every one of the faults 
listed earlier.  There is no explanation of which data set(s) 
they used nor how they were melded (if that was done).  A 
problem that permeates the Brennan et al report is that one tree 
height is taken to be 200 feet while the FEMAT curve displaying 
the same factor sets tree height at 150 feet.  Thus Brennan et 
al’s presentations to the panel and the public, such as 80-
percent-effective buffer widths, are 1/3 too large.  This, for 
example, in Table 2 of Brennan et al. 
 
There are three dimensions to shoreline shade: the height of 
vegetation, the outreach of branches, and above all the height 
and compass orientation of terrain.  There has been much 
analytical attention to height.  For example, at the summer 
solstice when shade might matter most, a (say) 40-foot tree 
casts only a 20 foot shadow.39

  If the tree is 10 feet from the bank, vertical shade reaches 
only 10 feet beyond.  None of the Brennan et al-cited research 
indicates how much forage-fish spawning beach this would affect.  
Nor does the cited work, for instance by Brennan, Pentilla, 
Rice, Sobocinski, nor Tonnes.  And nowhere does Brennan et al 
make even a casual examination of the amount of Puget Sound’s 
shoreline that faces the sun, in summer months, at low tide. 
 
The staff and their science panel seem not to have distinguished 
between dessication and temperature effects on intertidal life.  
Shade, however it is contrived, seems unlikely to prevent 
dessication. 
 
The text on upper-intertidal protection of forage fish is well 
taken but largely irrelevant to the central Sound where summer 
spawning of surf smelt occurs in only three places, all of which 
are openly exposed to sunlight and have been for a century.  Yet 
the smelt return. 
 
 
LARGE WOODY DEBRIS (FALLEN TREES AND BRANCHES) 
 
This was perhaps the most prominent element of the Aquatic 
Conservation Strategy associated with FEMAT and its resulting 
Northwest Forest Plan.  Where the FEMAT focus on shade was 
mainly for stream temperatures, the aim of large woody debris 
(LWD) was stream structure, notably pools and riffles. 
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In FEMAT’s time there were at least 27 studies (some of them 
literature reviews) of LWD, none oriented to tidal nearshores.  
The concern was to provide down trees to the ravines in which 
streams flowed, mostly to obstruct flows enough to rearrange the 
bottom sediments enough to encourage and maintain riffles and 
pools.  This proved, then and now, to be difficult because of 
surges of stormwater and snow melt that altered whole stream 
channels.  Indeed the natural course was annual flushing.40 
 
For buffering the concept was to create a tree-retention strip 
wide enough that any large tree falling directly downhill would 
reach the stream.  This concept was conjectural, of course, when 
buffering already-clearcut places, considering that well over a 
hundred years would be needed to make that width relevant.  This 
fact was apparently ignored when FEMAT-informed policies were 
created. 
 
Subsequent research has been prolific, still stream-related.  A 
book-length summary of the science, interesting even to casual 
readers, had been available by 1988.41  A fascinating portrayal 
of an enduring part of forestry: In time, every tree falls.  
With 350 references, it helped to counter long-standing 
practices of vigorously removing debris, natural and logging-
based, because they blocked fish passage, created log jams, and 
caused channel scouring.  A correct perception but the cure, 
intensively pursued, was perverse. 
Research has shown that fallen trees bridging across small 
streams and supporting mosses and ferns, also house 
invertebrates, some of whom fall into the nutrient-short waters 
below.  Such logs hang about for decades, deteriorating at 
perhaps one to two percent per year, though some pieces have 
been in channels for 200 years or more.42  About 60 percent of 
LWD in streams comes from trees growing within 15 feet of stream 
banks; about 90 percent comes from trees within 50 feet.43 
 
Brennan et al’s research selections start with FEMAT, deriving a 
plotted relationship between LWD recruitment “effectiveness” and 
tree height.  The error related to site-potential-tree-height 
reappears.  And what does full (100 percent) effectiveness mean?  
The proportion of trees in the buffer that touch the stream?  
The proportion of what is deemed needful?  Over what period of 
time?  For what conditions of slope, stream width, fish 
occupancy, or biota presence?  Brennan et al reveals nothing.  
 
All this makes Brennan et al’s conclusion, translating FEMAT 
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relationships to tidewater, rather dubious.  First, the 
vegetative complex in low-order streams (which comprise 70 
percent of the running waters in spotted-owl country) is not the 
same as Puget Sound’s.  Second, and obviously, the receiving 
waters have entirely different dynamics and biota.  Third, the 
critical nature of LWD in streams is well known and to some 
degree quantified, while the functions, even the presence, of 
LWD on marine shores have not been measured nor linked 
analytically to source uplands.  How much driftwood is “needed”? 
 
A driftwood study by Tonnes44 is mentioned.  Well done, it could 
be the foundation for a book, for which I have suggested chapter 
titles.  However a finding that beach temperatures are lower 
under logs than elsewhere45 seems to have little relevance for, 
say, forage fish spawning.  
 
The research panel apparently had little to add to the deifying 
text on large debris.  They found FEMAT’s effectiveness curve 
“conceptually valid”, a finding they repeated regularly for 
upland circumstances. 
 
Brennan et al’s conclusions, that more driftwood is better, are 
questionable.  For instance, studies in log-storage areas have 
suggested that bark leachates are chemically hostile to benthic 
marine life.46  Smothering by logs and sloughed-off bark has been 
well-documented for decades.47  Contrarily, log booms have 
apparently had both good and bad effects on fish.  And the 
Brennan et al statement that “Backshore areas can be relatively 
dry, exposed and nutrient deficient, and driftwood may play an 
important role in providing...moisture and nutrients...” (p. 18) 
is conjectural to a fault.  Driftwood may in fact be pickled.  
Another overreaching statement is that “Buffer width 
effectiveness is strongly influenced by...potential height of 
mature trees” (p. 19).  This begs the question of beach welfare 
during the centuries past and future without “mature” trees. 
   
 
LITTER FALL / ORGANIC MATTER 
 
FEMAT noted that “Riparian vegetation contributes leaves, twigs, 
and other forms of fine litter that are an important component 
of the aquatic ecosystem food base”48.  This has never been an 
issue in that stream nutrients, that feed bacteria, aquatic 
insects and other invertebrates, have to come from beyond the 
waters.  There is an issue with regard to how much during what 
seasons for what order of stream to nourish how many fish.  That 
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was partially answered by Erman et al49 in 1977: 
 

The composition of benthic invertebrate communities in 
streams with riparian buffers greater than 100 feet were 
indistinguishable from those in streams flowing through 
unlogged watersheds.”  “The effectiveness of floodplain 
riparian forests to deliver leaf and other particulate 
organic matter declines at distances greater than 
approximately one-half a tree height away from the 
channel.”   

Another study available at the time was generally consistent 
with Erman.50  A 1992 paper51 provides an estimate that small 
streams receive 300-600 grams of carbon per square meter 
annually from above-ground vegetation and water-carried 
underground particles.  Included are cones, twigs, leaves, and 
needles, plus the hyporheic particles.  They take one to several 
years to decay. 
 
FEMAT said, “We are unaware of studies examining litter fall 
from riparian zones as a function of distance of litter sources 
from the channel.”52  Meanwhile most of the questions indicated 
above have persisted, despite the clear importance of “litter” 
to aquatic welfare.  So the FEMAT curve associated with litter 
fall is conjectural for sites in general, not to mention 
particular streams, banks, and vegetation. 
 
Subsequent research has been preoccupied with large woody 
debris.  However there has been increasing interest in the roles 
of intermittent streams in the backcountry, which are typically 
fishless but contribute greatly (because of the immense number 
of such streams) to insect and organic matter downstream.53 
 
Brennan et al’s research collection on litter is correspondingly 
wan.  Only four citations pertain to tidal waters of which two 
relate to outer coasts.  Of the two relevant to Puget Sound one 
raises questions about the difference between ‘altered’ and 
‘natural’ beaches.54   
 
The research panel remarked on the importance of insects to 
streams and their probable importance to tidewater fish.  They 
apparently were unaware that, based on four juvenile-salmon diet 
studies, about 12 percent of the fishes’ intake is insects; 
about 12 percent of those are probably tree-sourced.55 
 
The proceedings imply that nutrients, from decaying carcasses or 
animal and bird excreta and arriving above the shore, are a good 
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thing.  This is certainly pertinent to forest streams.  However 
it seems to run counter to the current wave of alarm about 
nutrients conveyed into Puget Sound and ignores the vast oceanic 
nutrient source. 
 
Brennan et al concluded that the panel did not know enough about 
litter delivery to tidewater wrack to render judgments.  An 
expert on nearshore marine biota has commented that, on a 
regional basis, most marine detritus is composed of eelgrass and 
macroalgae. 
 
Brennan et al’s conclusion (Figure 5,page 23) is that 80 percent 
“effectiveness” is attained within 80 feet of the edge.  Brennan 
et al never suggests how one would recognize full effectiveness 
nor fractions thereof. 
 
 
ROOT STRENGTH AND SLOPE STABILITY 
 
FEMAT faced the bipolar perceptions of shoreline trees that are 
still with us.  Falling trees that plunge into streams are 
encouraged for fish habitat reasons.  But they carry with them 
rootwads laden with sediments unwanted in the streams, nests, 
perching places for raptors, windbreaks, and microclimate; an 
ecotone moves landward and an ecosystem is altered.   
 
FEMAT relied on literature and professional counsel that roots 
are physically functional in gripping soil within half a tree 
crown’s width.  For slopes less than 30% they concluded that 
mass soil movements were an issue and could be reasonably 
secured by roots on trees within 50 to 75 feet of streams.56 
 
This says nothing, of course, about the debris slides and flows 
that dominate the sediment budgets of pristine watersheds and 
start far above riparian areas.57  These major, episodic slides 
can and do barrel right on through treed buffers. 
 
Subsequent research on forest streams’ mass soil movements has 
been considerable.  The literature embraces geology, 
engineering, plant physiology and botany, and forestry.   
 
Scarcely mentioned by Brennan et al but more to the point of 
contemporary Puget Sound slope stability are the papers by 
Shipman, Finlayson, Johannessen, and Schulz and the works they 
cite.58Schulz, William H. Landslide susceptibility revealed by LIDAR imagery 
and historical records, Seattle, Washington. Engineering Geology 89:67-87. 
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Bipolar perceptions appear again on Puget Sound, with mass soil 
collapse seen as beneficial to beach processes, hostile to 
upland functions.  Concerning the former, no research tells us, 
for any site, over any time period, the right amount of slope 
instability.59  Concerning the latter, The Department of Ecology 
has warned repeatedly about the perils of trees close to the 
shore: 
 

"In the Pacific Northwest, forested buffers are often "created" 
as leave-strips around wetlands or along streams when the 
surrounding forest is cleared for land development.  These 
forested strips are then exposed to winter windstorms, which are 
common, often resulting in substantial loss of large trees due to 
blowdown."60 

 
"Large trees should be used on the face of slopes sparingly and 
with caution.  Should these trees collapse because of undermining 
of the root system by erosion or by windthrow, large volumes of 
earth can be disturbed by the tree roots when they pull from the 
slope.  The resulting large, bare areas are opened to further 
erosion, which may endanger adjacent land and vegetation.  New 
major trees should not generally be established on the face of 
coastal slopes."61 

 
"Any process that adds weight to the top of a potentially 
unstable slope can increase the risk of sliding."   "Vegetation 
growth increases weathering of soils and root action can, 
particularly in compact units like glacial till, loosen natural 
fractures and joints in the material, leading to failure.  
Movement of trees by wind stress may loosen soils, enhancing 
infiltration, and in some cases, may impart significant loads to 
the slope itself that may trigger failure."62 

 
Brennan et al lists a dozen research selections, mostly dealing 
with surface runoff rather than bank stabilization.  None 
suggests ranges of buffer widths for the Northwest generally nor 
for Puget Sound in particular.  
 
However the Brennan et al document twice displays (at pages 27 
and 127) suggested “setbacks” from bluffs, for structures, 
attributed to a 1994 Macdonald et al publication63 which draws on 
a 1992 paper by Griggs et al64.  Brennan et al does not reveal 
that the senior author of the original paper, Dr. Gary Griggs, 
was referring to ocean-facing California beaches, nor that his 
figures assume 50 years’ retreat of tops of bluffs above a 
protected (bulkheaded or bedrock) toe, nor that the tops of 
“stable” slopes are assumed to retreat up to 50 feet in 50 
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years.   
It is appropriate to question the Macdonald-Griggs et al 
assumptions about potential slope angles.  That shoreside banks 
will ravel to an ultimate angle of repose of 45 degrees, seems 
unrealistic for Puget Sound, where toe-protected bluffs remain 
nearly vertical and support irrepressible vegetation as they 
relax.  Puget Sound shores are surely different from 
California’s coastal sites. 
 
Brennan et al err in describing Griggs et al figures as 
“setbacks”.  Macdonald et al, echoing Griggs et al, (reproduced 
here as Figure 2) proposes not blanket setbacks but rather a 
construction zone within which geologic stability must be 
demonstrated.  Inland from that zone structures are not impeded.  
If the bluff is judged stable, the zone extends inland as far as 
the bluff is high (thus assuming a 45-degree potential slope), 
measured horizontally from the bluff’s toe.  If moderately 
stable, the zone reaches as far as a 30-degree angle of repose 
would reach: the bluff’s height multiplied by 2 and measured 
horizontally from the bluff’s current toe.65  If the bluff is 
unstable development would be excluded within the first-
mentioned zone, and stability must be demonstrated the rest of 
the way to the 2x point.  Given a favorable geologic report, 
this is quite a different thing from outright setbacks.   
 
Another error lies in Table 6 and Figure 6, (Brennan et al page 
27) where the figures for unstable bluffs are incorrect.  That 
zone is not the sum of the 45 and 30-degree zones, but rather 
only the 30-degree zone, even with an unfavorable geologic 
report.  
 
The Macdonald et al figures and Brennan et al’s discussion imply 
a precept that the 60 percent of Puget Sound shores that are 
bluffs will descend with and without shore protection, providing 
after all the much-sought longshore sediment movement. 
 
The research panel savored the setbacks but pointed out that 
vegetation on the bank may reduce the setback need.  Yet they 
liked erosion and blown-down trees.  Bipolarism again.   
Brennan et al’s conclusion is that buffering above the shore is 
good, without regard to alternative management of such sites and 
without suggesting buffer widths.  Brennan et al believes that 
buffers can control runoff (presumably by infiltration of winter 
rains), providing “normative” rates of erosion, whatever those 
are.  Nobody has ever devised buffer guidelines to meet 
quantitative levels for those goals. 
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FINE SEDIMENT CONTROL 
 
FEMAT had good reason to be concerned about surface erosion and 
its arrival in streams as “fine sediment”.  Agriculture, the 
prime universal source of surface erosion, was not present in 
federal forests, but logging was.  On the West Side, the region 
of FEMAT’s concern, vegetation is largely irrepressible, but 
surface erosion was a factor in the interim between harvesting 
and plants’ return. 
 
Some of the surface-erosion concern was reflected by FEMAT in 
water quality and slope stability measures, but some was 
explicit.66  FEMAT apparently relied on five publications of 
which two were Northwest research reports and one was a 
literature review that repeated those two PNW studies but 
recited no others dealing with Northwest water quality, much 
less fine sediment.67 
 
Subsequent, as well as earlier, research has been abundant.  As 
mentioned above, most of the literature on this subject is from 
the East and Midwest, involving row-crop agriculture, overgrazed 
pastures, and feedlots.  It demonstrates that vegetated buffers 
can, on moderate slopes, impound sediments that are otherwise 
headed for streams, and thereby constrain contaminants, such as 
phosphorus, that attach to soil particles.  Depending on local 
circumstances of soil character, stormwater flow rates and 
durations, season of the year, topography, use of the land above 
the buffer, and the kind and density of buffer veg, buffers can 
be quite narrow for this function.68 
 
Brennan et al’s science selections (ten, mostly literature 
reviews) on surface erosion demonstrate the wide variation in 
buffer efficacy.  Their inclusion of Desbonnet and May, 
mentioned here earlier, reinforces the low correlation between 
buffer widths and effectiveness, simply because of the manifold 
factors controlling buffer utility.  Desbonnet’s sediment data69 
portrays the diversity that is concealed in Brennan et al’s 
sediment control curves (p. 122) said to be ‘adapted’ from 
Desbonnet.  Statistical analysis of Desbonnet’s data suggests 
that 6-foot buffers are as strongly associated with sediment 
restraint as are 200-foot buffers. 
 
The research panel preferred to maintain upland sediment 
movements beachward, where they are seen as part of the natural 
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system and not an impediment as they would be in streams.  That 
those sediment may convey pollutants (metals and organic 
compounds) was apparently seen as secondary.  Which is not 
surprising given the absence of quantitative research relating 
pollutants to sediment arrivals in Puget Sound below, say, 
residential areas like Kitsap County’s.  
 
Brennan et al’s conclusions about whether erosion in the 
neighborhood of marine shores should be corralled by buffers, or 
by any other of the available methods, are unknown.  Their 
statements relate entirely to stream buffering. 
 
Statements by both the panel and the authors reflect yet another 
instance of bipolarism alongshore. 
 
 
WATER QUALITY 
 
Here we have another convolution.  Brennan et al quotes FEMAT 
which quotes Castelle which quotes the other sources that 
Brennan et al quotes.  Embedded here are bipolar views of “water 
quality”.   
 
To FEMAT water quality meant negligible sediments, low water 
temperatures, and high dissolved oxygen.  All but oxygen are 
covered in other sections of the Brennan et al paper.  Aeration 
is not mentioned, though it is a tidewater issue in various 
places.  
 
Brennan et al’s science selections overlap those for fine 
sediment.  To Castelle and Brennan et al water quality includes 
pollutants that either weren’t in FEMAT’s domain or were welcome 
there (nitrogen).  Still another instance of bipolarism. 
 
Nitrogen and  metals interested Castelle as pollutants, though 
he cited only one metals study70.  Yard chemicals are mentioned 
by Brennan et al (p. 34) but are not included in their cited 
literature. 
 
Brennan et al borrows effectiveness curves from Desbonnet for 
water quality.  These are subject to the same criticism 
mentioned above for sediments. 
 
Brennan et al portrays agriculture as significant to Puget 
Sound’s welfare, ignoring the minuscule occupancy of nearshore 
spaces by farms, their bare ground and nutrients.   
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Concerning buffers’ role, the science panel observed, “relative 
to the larger watersheds that deliver pollutants to Puget Sound, 
marine riparian areas contribute a small fraction of the 
ecological function in mitigating water quality impacts at a 
landscape scale”.71 
 
Brennan et al’s conclusions for tidewater buffers are obscure.  
They cite effectiveness curves from Desbonnet that have nothing 
to do with tidewater nor the Puget Sound region.  (Nor does the 
Desbonnet data that I used to find that incremental increases in 
buffer widths are not associated with increases in water 
quality.) 
 
 
FISH AND WILDLIFE HABITAT 
 
FEMAT had little to say about wildlife other than fish and 
spotted owls.  There is a one-sentence reference to ungulates 
(Appendix V-F) and reference to 1991 state guidelines for 
wetland wildlife buffers.72  There is a discussion of problems 
faced by amphibians (irrelevant to this critique because there 
are no tidewater amphibians unless one redefines river otters).   
 
FEMAT also drew on a literature review done for Washington’s 
Timber Fish and Wildlife program.73  It dealt with freshwater 
riparian areas and mentions beavers, muskrats, nutria, mountain 
beavers, marsh shrews, and other species specific to fresh 
water.  Also covered are 23 birds that are obligate freshwater 
riparian inhabitants across the Pacific Northwest. 
 
Still one sees statements like “359 of the 414 wildlife species 
of western Washington and Oregon use riparian habitats”74 which 
smoothly became “Approximately 85% of Washington’s terrestrial 
vertebrate species use riparian habitat...”75  This is an 
acknowledgment that mobile living things use surface water, not 
that they require a certain vegetative mix along the margin.  On 
the other hand, in a residential setting the figures suggest an 
hypothesis that primary productivity is higher in people’s 
waterfront yards, thereby fueling a more robust food chain than 
is found in inland woods. 
 
Subsequent research has shown the limited relevance of buffers 
for stream-oriented wildlife.  A study of 62 Olympic Peninsula 
streams and associated riparian zones concluded that the 
characteristics and even the presence of the riparian forest had 
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no influence on the persistence of fishes and stream-related 
birds and mammals.76  Research on 18 Washington Cascades streams 
found that total abundance and species richness of birds and 
small mammals using areas close to streams before any timber 
harvest were comparable to the number and kinds after harvest.77  
A 16-stream study in southwest Washington showed that, on 
average, total salmon biomass was twice as high on clearcut as 
on old-growth sections.78  Corresponding results have been found 
in research in Oregon and British Columbia.79 [These several 
studies have implications for tidal shores.] 
 
A 1997 update of the abovementioned state guidelines80 has been 
cited widely and recently.  The following statement is from 
Buell:81 
 

Appendix C [of the 1997 update] is usually appealed to as 
representing the minimum buffer ‘needed to retain’ 
functions.  This is not true...these values were the 
maximum distance studied by investigators.  This distance 
is nearly always significantly in excess of that required 
for complete or nearly complete protection of 100% of fish 
and wildlife needs....the [Appendix C] table itself is a 
rather egregious exaggeration and misrepresentation of the 
underlying science and the facts. 

 
Brennan et al’s research selections for wildlife welfare are 
scant and almost wholly drawn from freshwater studies. 
 
The science panel did not identify obligate upshore marine 
species but knew that many terrestrial species pass through.  
They felt that absence of buffering might affect species 
diversity and/or abundance, but did not indicate what conditions 
were assumed to prevail in the absence of buffers.  They 
suggested more study of ecotones, presumably their barrier 
and/or synergistic roles.  Somebody felt that animal excrement 
in buffers would migrate helpfully to tidewater, apparently one 
of the faulty translations of aquatic to marine perceptions. 

 
Prof. John Marzluff, a member of the science panel, has been 
critical of the wildlife research community for its lack of 
rigorous experimental design and paucity of quantification.82  He 
has done much to change that situation, especially with regard 
to urban and exurban birds.   
 
On Bainbridge Island alternatives to wildlife buffers are 
already in place.  They are the residential shoreline places 
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already landscaped, plus wetland buffers already proclaimed, 
plus parks and other already-dedicated open spaces.  Together 
they total at least 30 percent of the Island’s area.  All of 
these are in regular use by upland species for nesting, 
burrowing, hunting, feeding, and breeding. 
 
As is most of the Island’s other 70 percent.  The wild things 
are with us almost everywhere.  Byways, backyards, and open 
places provide creature comforts to wildlife from birds to 
voles.  Day and/or night the four-legged kinds sally near, as do 
the aviators. 
 
Shoreside yards clearly share that abundance, by day, night, or 
both.  Indeed some nearshore transients, including raccoons, 
river otters and deer, are increasing,83 despite the fact that 
4/5 of the Island’s tidewater shore is developed. 
 
From where do they come?  From hideouts in holes and cavities, 
under boards and beneath bushes and brambles.  From treetops, 
grassy clumps, fence corners, yard burrows, and shrub lands.   
 
Repeated studies along Northwest forest streams have shown that 
birds, small mammals, invertebrates and fish prosper in the 
absence of buffers.84  Bainbridge back yards and verges are 
surely far more hospitable than streamside forest clearcuts. 
 
The State’s Department of Fish and Wildlife has listed ‘priority 
species’ across the state.  Among the 51 priority marine birds 
are 17 that visit Puget Sound.  Most are passing through toward 
nesting sites to the north and east.  Five may nest on 
Bainbridge island.85  Of those, one is oriented to fresh water, 
leaving bald eagles and great blue herons.   
 
Plus two: pigeon guillemots and terns which, if here, nest in 
self-dug holes in bluffs.  For these, best protection may be 
shore protection.   A collapsing bluff would not help these 
priority birds. 
 
The growing inventory of bald eagles comes at the expense of 
herons.  This because eagle predation of heron eggs and chicks 
is causing herons to abandon rookeries, even where herons have 
long ignored nearby human disturbances.  Such tradeoffs may be 
far more significant to wildlife welfare than the Island’s long-
existing nearshore development.  In any case, while herons pace 
the water line, eagles perch on dock railings and piling as well 
as the Island’s million treetops. 
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It is interesting that Brennan et al’s discussions of habitat 
turn on amounts of land to set aside, the ‘supply side’.  There 
is no reference to the ‘demand side’–-how many of what species 
we want here and how much habitat that requires.  It isn’t even 
clear that habitat is a limiting or enabling factor for fish or 
wildlife; other things may be more important.  Nor are we 
offered quantitative information on the useful habitat roles of 
developed land. 
 
 

CONCLUSIONS 
 
The Brennan et al paper invites a number of rather negative 
concluding comments. 
 
The paper tries to rationalize buffering for old-growth 
headwater forest streams with that of tidal saltwater shores.  
It ignores the difference between streams’ smooth incremental 
transitions from waterways to woodlands, and the abrupt ecotonal 
breaks at tidewaters’ banks.  The key defining feature of 
freshwater riparian areas is the two-way interchange of water 
between the stream and the shore, to their joint benefit 
including a clearly apparent boost to macro- and micro-organisms 
in both environments.  Contrarily, upland ecosystems beside 
tidewater traffic only one-way in fluids, conveying organisms 
that perish in saltwater.  Upland places are crucial to few 
marine creatures. 
 
The paper reveals the resulting bipolarity of the seven 
“riparian” functions.  The functions of falling trees differ 
between streams and tidewater.  Mass soil movement and fine 
sediment are bad for streams, presumed good for tidal beaches.  
Nutrients considered bad for the salt chuck are welcomed for 
headwater streams.  Shade may have merit on upper-beach 
spawning; it can be deleterious for fish rearing in woodland 
streams.  Organic matter from the shore supports most of the 
aquatic food chain; intertidal litter and wrack can be of little 
consequence to general marine nutrition and welfare.  And, while 
a number of wildlife species have an obligatory relationship 
with streamside areas,86 the science panel was uncertain whether 
any wildlife species are obligate upon upland places adjacent to 
tidewater. 
 
Tidewater circumstances are mentioned little, except where 
(conflicting) goals are cited for shade, sediment, nutrients, 
woody debris, and slope stability.  And there is no mention of 
ecologic nor wildlife values of the extensive residential uses 
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of the upland. 
 
The paper proposes common buffer widths for all shores, ignoring 
diversity of functionality, need, opportunity, and alternatives. 
 
There are two significant mensurational errors, one having to do 
with mature-tree heights, the other with the setback 
implications of low-stability bluffs. 
 
For the various ecologic functions the paper uses ‘effectiveness 
curves’ each “characterized” mostly from a handful of decade-old 
studies hurriedly melded for spotted-owl territory.  The curves 
have several faults, including failure to define effectiveness 
and absence of quantitative measures.  The curves cannot be 
independently verified.  Their seemingly sole benefit is 
demonstration of diminishing returns.  Brennan et al’s choice of 
80-percent effectiveness as indicative in some cases depends 
entirely on a normative decision on where to put an inflection 
point in a curve.  Similarly, Brennan et al’s use of the 
literature’s averages depends entirely on which literature is 
selected.  Brennan et al’s reference list is hardly exhaustive. 
 
Unmentioned in the paper are scientists’ recent concerns about 
those curves and their interpretation in terms of buffer widths.   
An early conclusion had been that “Generally, most ecological 
processes occurred within 100 feet (about two-thirds the height 
of a site-potential tree)”.  A decade later a review group 
surmised that adequate protection could be attained with 
narrower buffer strips and/or alternative silviculture 
approaches.87   
 
Also unmentioned is downhill relevance.  Neither for fresh water 
nor salt does this report indicate the relevance to what is 
really being protected, the biota below.  To what degree are 
invertebrates and their piscine predators affected by changes in 
the various nearshore “ecological functions”?  For, say, litter 
fall, what amount of biologic response can be expected per unit 
volume of litter?  That can be estimated; where are the numbers?    
In some places the report is misleading – a decade of studies 
has shown that, in western Washington, an absence of shade is 
beneficial.  Along tidewater shores an abundance of sediment is 
considered nice. 
 
Missing, curiously, is a discussion of Puget Sound nutrient 
budgets and their dependence, if any, on existing inshore 
circumstances (largely residential).  
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Among the most important failings of the paper is the authors’ 
ignoring socioeconomic analysis, available in FEMAT and many 
other places.  Although FEMAT was largely concerned with old-
growth communities and activities, it established a protocol for 
human-welfare assessments.  
 
Finally, much research has shown that the welfare of headwater 
streams and their occupants is heavily influenced by arriving 
upstream waters.  These findings do not translate to tidewater.  
However the effects of arriving oceanic upwelling are being 
recognized and to some extent quantified.88  Curiously no 
measured nutrient budgets for Puget Sound nearshores are 
presented by Brennan et al. In fact, Brennan et al offers not a 
single quantified nearshore relationship. 



 Page 31 of  39 

 
 
 

NOTES 
 
 
                         
1. Brennan, Jim, et al. 2009. Protection of Marine Riparian Functions in 
Puget Sound, Washington. Seattle: Washington Sea Grant. 

2. Forest Ecosystem Management Team [FEMAT]. 1993. Forest Ecosystem 
Management: An ecological, economic, and social assessment. Portland, OR: US 
Departments of Agriculture and Interior, et al. 

3. Scientific Analysis Team [SAT]. 1993. Viability Assessments and Management 
Considerations for Species Associated with Late-Successional and Old-Growth 
Forests of the Pacific Northwest. Portland, OR: USDA Forest Service, p. 447. 

4. Tuchmann, E. T., et al. 1996. The Northwest Forest Plan: A report to the 
president and Congress. Portland, OR: USDA Forest Service, Pacific Northwest 
Research Station. 

5. Haynes, Richard W., et al. 2006. Northwest Forest Plan - The First Ten 
Years (1994-2003), A Synthesis of Monitoring and Research Results. Gen. Tech. 
Rpt. PNW-GTR-651. Portland, OR: USDA Forest Service, Pacific Northwest 
Research Station, p. 201. 

6. Haynes et al 2006, above, p. 201. 

7. FEMAT 1993, above, p.  V-34. 

8. Wimberly, M. C., et al. 2000. Simulating historical variability in the 
amount of old forests in the Oregon Coast Range. Conservation Biology 
14(1):167-180. Cited in Spies, Thomas A., et al. 2002. The ecological basis 
of forest ecosystem management in the Oregon Coast Range. In: Hobbs, Stephen 
D., et al., eds. Forest and Stream Management in the Oregon Coast Range. 
Corvallis, OR: Oregon State University Press. 

9. FEMAT 1993, above, used 170 feet, but this was reduced in Table V-5 and 
in: 
 USDA Forest Service and USDI Bureau of Land Management. 1994. Standards and 
guidelines for management of habitat for late-successional and old-growth 
forest related species within the range of the northern spotted owl, 
Attachment A, p. C-30 In: Record of Decision for Amendments to Forest Servce 
and Bureau of Land Management Planning Documents within the Range of the 
Northern Spotted Owl. 
 
The 150-foot SPTH figure is repeated in Haynes et al 2006, above, p. 201, 
203.  
 
This figure is misrepresented by Brennan et al as 200 feet (Sea Grant 2009 p. 
16, 20, et al).  The pre-FEMAT Scientific Analysis Team (above) had 
recommended 150 feet.  For Bainbridge Island 149 feet has been recommended 
by: Herrera Environmental Consultants. 2005. City of Bainbridge Island 



 Page 32 of  39 

                                                                               
Critical Areas Update - Review of Best Available Science: Stream Riparian 
Areas. Seattle. 

10. FEMAT 1993, above, p. V-27. 

11. Brennan et al 2009, above, p. 3, 31 ff.  

12. Haynes et al 2006, above, p. 201. 

13. Isaacs, John D. 1978. Testimony on modification of secondary treatment 
requirements for discharges into marine water. In: Hearings before the 
Subcommittee on Water Resources of the Committee on Public Works and 
Transportation, House of Representatives, 95th Congress, May 24-5, 1978. 
Washington DC: GPO. 

14. Brennan et al 2009, above, p. 6. 

15. For example, at p. 19. 

16. At p. 20. 

17. At p. 3. 

18. Desbonnet, Alan, et al. 1994. Vegetated Buffers in the Coastal Zone, A 
Summary Review and Bibliography. Narragansett, RI: University of Rhode 
Island;  
 
May, Christopher. 2000. Protection of Stream-Riparian Ecosystems: A Review of 
Best Available Science. Prepared for Kitsap County. 

19. Knutson, E. Lea et al. 1997. Management Recommendations for Washington’s 
Priority Habitats - Riparian. Washington Department of Fish and Wildlife, 
Appendix C. 

20. Buell, J. W. 2000. Review of Kitsap County draft “Land Use & Development 
Policies”, “Critical Areas Ordinance”, and supporting documentation. 
Portland, OR: Buell & Associates, Inc. 

21. FEMAT 1993, above, p. V-28. 

22. Chen, J. 1991. Edge effects: microclimatic pattern and biological 
responses in old-growth Douglas-fir forests. PhD dissertation. University of 
Washington. 

23. Scientific Analysis Team. 1993. Viability Assessments and Management 
Considerations for Species Associated with Late-Successional and Old-Growth 
Forests of the Pacific Northwest. Portland, OR: USDA Forest Service. 

24. Haynes, Richard W., et al. 2001. Northwest Forest Plan Research 
Synthesis. General Technical Report PNW-GTR-498. USDA Forest Service, Pacific 
Northwest Research Station, p. 119. 

25. SAT 1993, above, p. 281. 



 Page 33 of  39 

                                                                               
26. FEMAT 1993 above, p. V-25. 

27. Montgomery, David R., et al, eds. 2003. Restoration of Puget Sound 
Rivers. Seattle: University of Washington Press, p. 261. 

28. Kauffman, J. Boone, et al. 2001. Wildlife of riparian habitats. In: 
Johnson, David H. And Thomas A. O’Neil. Wildlife-Habitat Relationships in 
Oregon and Washington. Corvallis: Oregon State University Press. 

29. Beschta, R. L., et al. 1987. Stream temperature and aquatic habitat: 
fisheries and forestry interactions. In: Salo, E. O., et al, eds. Streamside 
Management: Forestry and Fisheries Interactions. Contrib. No. 57. Seattle: 
University of Washington, Institute of Forest Resources. 
 
Steinblums, I. 1977. Streamside bufferstrips: survival, effectiveness, and 
design. MS thesis. Corvallis: Oregon State University. 

30. Pizzimenti, J. 2002. Efficacy and economics of riparian buffers on 
agricultural lands, State of Washington.  Englewood, CO: GEI Consultants, 
Inc. 

31. Montgomery et al 2003, above. p. 255. 

32. In the relatively sunstruck area near Roseburg, OR, mortality has been 
seen at 80 degree F water temperatures, “a level that is seldom reached” 
(personal statement by Prof. Michael Newton, Oregon State University).  At 72 
degrees fish slow their feeding. 

33. Montgomery et al 2003, above, p. 255; Beschta et al 1987, above; also: 
 
Moldenke, A. R. and C. Ver Linden. 2007. Effects of clearcutting and riparian 
buffers on the yield of adult aquatic macroinvertebrates from headwater 
streams. Forest Science 53(2):308-319. 
 
Gregory, S. V. 1980. Effects of light, nutrients, and grazing on periphyton 
communities in streams. PhD dissertation. Corvallis: Oregon State University. 
 
Newbold, J. D., et al. 1980. Effects of logging on macroinvertebrates in 
streams with and without buffer strips. Canadian Journal of Fisheries and 
Aquatic Science 37:1076-1085. 
 
Murphy, M. L., et al. 1981. Effects of canopy modification and accumulated 
sediment on stream communities. Transactions of the American Fisheries 
Society 110:469-478. 
 
Murphy, M. L. and J. D. Hall. 1981. Varied effects of clear-cut logging on 
predators and their habitat in small streams of the Cascade Mountains, 
Oregon. Canadian Journal of Fisheries and Aquatic Science 38:137-145. 
 
Hawkins, C. P., et al. 1983. Density of fish and salamanders in relation to 
riparian canopy and physical habitat in streams of the northwestern United 
States. Canadian Journal of Fisheries and Aquatic Sciences 40:1173-1185 
 
Gregory, S. V., et al. 1987. Influence of forest practices on aquatic 



 Page 34 of  39 

                                                                               
production. In: Salo, E. O. and T. W. Cundy, eds. Streamside Management: 
Forestry and Fishery Interactions. Contribution No. 57. University of 
Washington Institute of Forest Resources p. 233-255. 
 
Meehan, William R. 1996. Influence of riparian canopy on macroinvertebrate 
composition and food habits of juvenile salmonids in several Oregon streams. 
Research Paper 496. Portland: US Forest Service, Pacific Northwest Research 
Station. 
 
Raphael, Martin G., et al. 2002. Effects of streamside forest management on 
the composition and abundance of stream and riparian fauna of the Olympic 
Peninsula. In: Johnson, Adelaide C., et al, eds. Congruent Management of 
Multiple Resources. General Technical Report PNW-GTR-563. Portland: US Forest 
Service, Pacific Northwest Research Station. 
 
Bisson, Peter A., et al. 2002 Influence of site and landscape features on 
vertebrate assemblages in small streams. In: Congruent Management..., next 
above. 
 
Hauer, F. R. et al. 2003. Landscapes and ecological variability of rivers in 
North America: Factors affecting restoration strategies. In: Wissmar, Robert 
C. et al, ed. Strategies for Restoring River Ecosystems. Bethesda, MD: 
American Fisheries Society. 

34. Gregory, S. V., et al. 1991. An ecosystem perspective of riparian zones. 
Bioscience 41(8):540-551. 

35. Lindenmayer, D. B. and J. F. Franklin. 2002. Conserving Forest 
Biodiversity - A Comprehensive Multiscaled Approach. Island Press, p. 101; 
 
Strahler, A. N. 1957. Quantitative analysis of watershed geomorphology. 
Transactions of American Geophysical Union 38:913-920. 

36. Konovsky, John. 2008. Temperature regimes and coho production in south 
Sound lowland stream systems. 2008 South Sound Science Symposium Abstracts 
41. 
Washington State Department of Ecology. 

37. The Rice citation describes a week of diurnal beach temperatures and two 
surf-smelt egg counts several days apart, all in front of a bulkheaded 
treeless backshore and a nearby treed, unprotected shore.  He fails to 
document the size and configurations of the bulkhead and the vegetation.  No 
indication is given of the relative roles of the two features; only 
vegetation is mentioned vaguely in the report.  Indeed the study’s design 
precludes the comparison.  The total number of smelt eggs was larger at the 
treed site, as was the number of dead eggs, though the latter was not 
statistically significant.  The report mentions but does not quantify the 
presumably more-rapid cycling of egg maturation at the unshaded site, which 
may be producing more and larger juvenile fish per unit time.   
 
It is difficult to share the author’s willingness to extrapolate the findings 
of this 1-site 1-week study to all of Puget Sound. 
 
The Sobocinski thesis is more elaborate, but it is confounded by the presence 



 Page 35 of  39 

                                                                               
of fresh water, flowing and/or stationary, at most of her tidewater study 
sites.  This is important because of the role of aquatic insects in her 
invert traps.  Differences in insect capture may well be attributable to 
aquatic matters rather than (her supposition) the presence or absence of 
trees.    

38. Ricketts, Edward F., et al. 1939 (5th ed. 1985) Between Pacific Tides. 
Stanford University Press, p. 453 ff. 

39. Berg, Dean Rea et al. 2003. Restoring floodplain forests. In: Montgomery 
et al, above, p. 256. 

40. Maser, Chris, et al. 1988. From the Forest to the Sea: A Story of Fallen 
Trees. General Technical Report PNW-GTR-229. Portland, OR: USDA Forest 
Service, Pacific Northwest Research Station.  Cited incorrectly by Brennan 
et al. as Maser and Sedell.   

41. Maser, et al 1988, above. 

42. Maser et al 1988, above, p. 64. 

43. Murphy, M. L., et al. 1987. The relationship between stream 
classification, fish, and habitat in Southeast Alaska. Research Paper R10-MB-
10. USDA Forest Service, Tongass National Forest;  
 
VanSickle, J. and S. V. Gregory. 1990. Modeling inputs of large woody debris 
into streams from falling trees. Canadian Journal of Forest Research 20:1593-
1601.;  
 
McDade, M. H., et al. 1990. Source distances for coarse woody debris entering 
small streams in western Oregon and Washington. Canadian Journal of Forest 
Research 20(3):326. 

44. Tonnes, D. M. 2008. Ecological functions of marine riparian areas and 
driftwood along north Puget Sound shorelines.  Master’s thesis, University of 
Washington, School of Marine Affairs. 

45. Brennan et al p. 18, citing Tonnes 2008, above. 

46. Log storage has been an environmental issue in Puget Sound and waters 
northward until log barging and lower harvests diluted the issue.  Studies of 
bark toxicity include: 
 
Jackson, R. G. 1986. Effects of bark accumulation on benthic infauna at a log 
transfer facility in southeast Alaska. Marine Pollution Bulletin 17(6):258-
262. 
 
Graham, J. L. And F. D. Schaumburg. 1969. Pollutants leached from selected 
species of wood in log storage areas. Proceedings, Industrial Waste Conf. 
 
Freese, J. L. And C. E. O’Clair. 1987. Reduced survival and condition of the 
bivalves Protothaca staminea and Mytilus edulis buried by decomposing bark. 
Marine Environmental Research 23(1):49-64. 



 Page 36 of  39 

                                                                               
 
Servize, James A., et al. 1971. Toxicity and oxygen demand of decaying bark. 
Journal of the Water Pollution Control Federation. 43(2):278. 

47. Overall, log booms in tidewater have been both beneficial and harmful for 
fish and their prey, as discussed in Sedell, J. R., et al. Water 
transportation and storage of logs. Chapter 9 in Meehan, William R., ed. 
1991. Influences of Forest and Rangeland Management on Salmonid Fishes and 
Their Habitats. Special Publication 19. Bethesda, MD: American Fisheries 
Society.  However these are quite different matters from storm-driven, 
derelict, borer-riddled logs upon the backshore. 

48. FEMAT 1993 above, p. V-25, citing Vannote et al. 1980. The river 
continuim [sic] concept. Canadian Journal of Forest Research 20:1593-1601. 

49. Erman, D. C., et al. 1977. Evaluation of streamside bufferstrips for 
protecting aquatic organisms. California Water Resources Center, Contribution 
No. 165. Davis, CA: University of California; cited in FEMAT 1993 above, p. 
V-26. 

50. Gregory, S. V., et al. 1987. Influence of forest practices on aquatic 
production. In: Salo, E. O., et al, eds, above, p. 233-256. 

51. Naiman, Robert J., et al. 1992. Fundamental elements of ecologically 
healthy watersheds in the Pacific Northwest coastal ecoregion. In: Naiman, R. 
J., ed. Watershed Management - Balancing Sustainability and Environmental 
Change. New York: Springer-Verlag. 

52. FEMAT 1993 above, p. V-26. 

53. For example Reeves, G. H., et al. 1995. A disturbance-based ecosystem 
approach to maintaining and restoring freshwater habitats of evolutionarily 
significant units of anadromous salmonids in the Pacific Northwest. American 
Fisheries Society Symposium 17:334-349. 

54. Mentioned at page 33, the Sobocinski study involved four sites, each with 
an altered (bulkheaded) beach adjacent to a natural (vegetated) beach.  Only 
half the sites showed a statistically valid difference in wrack and leaf 
litter presence between beaches within pairs (her Table 2).  When I visited 
the sites in June, 2007, there was no wrack on any of the eight beaches.  

55. Flora, D. F. 2007. A perspective on insects eaten by juvenile Puget Sound 
salmon. Peer reviewed but unpublished; available from the author. 

56. FEMAT 1993 above, pp. V-26, V-38. 

57. Skaugset, Arne E., et al. Landslides, surface erosion, and forest 
operations in the Oregon Coast Range. In: Hobbs, Stephen D., et al, ed. 2002. 
Forest and Stream Management in the Oregon Coast Range. Corvallis, OR: Oregon 
State University Press. 

58. For example, Shipman, Hugh. 1995. The rate and character of shoreline 
erosion on Puget Sound. In: Puget Sound Research ‘95. Olympia: Puget Sound 
Water Quality Action Team. 



 Page 37 of  39 

                                                                               
 
Shipman, Hugh. 2001. Coastal landsliding on Puget Sound: A review of 
landslides occurring between 1996 and 1999. Report 01-06-019. Olympia: 
Washington Department of Ecology. 
 
Shipman, Hugh. 2004. Coastal bluffs and sea cliffs on Puget Sound, 
Washington. In: Hampton, M. A., et al, eds. Formation, Evolution, and 
Stability of Coastal Cliffs - Status and Trends. Professional Paper 1693. 
Denver: US Geological Survey. 
 
Finlayson, David. 2006. The geomorphology of Puget Sound Beaches. Technical 
Report 2006-02. Puget Sound Nearshore Partnership, published by Washington 
Brennan et al, Seattle. 
 
Johannessen, Jim, et al. 2007. Beaches and bluffs of Puget Sound. Technical 
Report 2007-04. Puget Sound Nearshore Partnership, published by Seattle 
District, US Army Corps of Engineers. 
 
59. Using nonlinear regression I have estimated that 60 percent of variance 
in net shore drift can be explained by fetch and drift-cell length.  This 
leaves only 40 percent to be explained by bluff geometry, sediment sizes, 
beach profiles, bulkhead existence or placement, offshore bathymetry, or 
other presumed drivers of beach dynamics.  The data was from Schwartz, 
Maurice L., et al. 1989. Net shore-drift in Puget Sound. Engineering Geology 
in Washington, Volume II. Bulletin 78. Washington Division of Geology and 
Earth Resources, pp. 1137-46. 

60. Sheldon, Dyanne, et al. 2003. Freshwater wetlands in Washington State, 
Volume 1: A synthesis of the science.  Publication 03-06-016. Olympia: 
Washington Department of Ecology.  p. 5-46. 

61. Myers Biodynamics, Inc. 1993. Slope stabilization and erosion control 
using vegetation, a manual of practice for coastal property owners. 
Publication 93-20. Olympia: Washington Department of Ecology. p. 25-26. 

62. Shipman 2001 above. p. 19, 20. 

63. Macdonald, Keith and Bonnie Witek. 1994. Management options for unstable 
bluffs in Puget Sound, Washington. Report 94-81. Olympia: Washington 
Department of Ecology, at page 5-16. 

64. Griggs, G. B., et al. 1992. [Title not given] Shore and Beach Vol 60 [pp 
not given]. 

65. The cotangent of 30 degrees, rounded up to 2. 

66. For example, FEMAT 1993 above, p. V-38; and standards and guidelines in 
Scientific Analysis Team 1993 above, p. 450. 

67. Castelle, Audrey J., et al. 1992. Wetland buffers: Use and effectiveness.  
Publication 92-10. Washington State Department of Ecology. 

68. I have written several papers on this matter, available on request. 



 Page 38 of  39 

                                                                               
69. Desbonnet et al 1994, above, Table 4 and Figure 4. 

70. Gallagher, J. L., et al. 1980. Marsh plants as vectors in trace metal 
transport in Oregon tidal marshes. American Journal of Botany 67:1069-1074. 

71. Brennan et al p. 111. 

72. Roderick, E., et al. 1991. Management recommendations for Washington’s 
priority habitats and species. Washington Department of Wildlife.  Cited in 
FEMAT Appendix V-E. 

73. In Appendix V-E.  The report is O”Connell, M. A., et al. 1993. Wildlife 
use of riparian habitats, a literature review. TFW-WL1-93-001. 

74. Oakley, A. L., et al. 1985. Riparian zones and freshwater wetlands. In: 
Brown, “E. R., ed. Management of Wildlife and Fish Habitats in Forests of 
Western Oregon and Washington. F&WL-192-1985. USDA Forest Service, Region 6. 

75. Knutson et al 1997, above, p. xi. 

76. Bisson, Peter A., et al. 2002. Influence of site and landscape features 
on vertebrate assemblages in small streams. In: Johnson, Adelaide C., et al, 
eds. Congruent Management of Multiple Resources: Proceedings from the Wood 
Compatibility Initiative Workshop. General Technical Report PNW-GTR-563. 
Portland: USDA Forest Service, Pacific Northwest Research Station. 

77. O’Connell, M. A., et al. 2000. Effectiveness of riparian management zones 
in providing habitat for wildlife. Final Report. Timber Fish & Wildlife 
Report 129. Olympia: Washington Department of Natural Resources. 

78. Bisson, Peter A. and James R. Sedell. 1984. Salmonid populations in 
streams in clearcut vs. old-growth forests of western Washington. In: Meehan, 
William R., et al, eds. Fish and Wildlife Relationships in Old-Growth 
Forests, Proceedings of a symposium in Juneau, Alaska, April, 1982. American 
Institute of Fishery Research Biologists, p. 121-129. 

79. Meehan, William R. 1996, above. 
 
Hall, James D. And Richard L. Lantz. 1969. Effects of logging on the habitat 
of coho salmon and cutthroat trout in coastal streams. In: Northcote, T. G., 
ed. Symposium on Salmon and Trout in Streams. H. R. MacMillan Lectures in 
Fisheries. Vancouver, BC: University of British Columbia, Institute of 
Fisheries. 
 
Ward, Bruce R., Donald J. F. McCubbing, and Patrick A. Slaney. 2003. 
Evaluation of the addition of inorganic nutrients and stream habitat 
structures in the Keogh River watershed for steelhead trout and coho salmon. 
In: Stocker, John G., ed. Nutrients in Salmonid Ecosystems: Sustaining 
Production and Biodiversity. Proceedings of the 2001 Nutrient Conference, 
Eugene. Bethesda, MD: American Fisheries Society. 
 
Beschta, R. L. et al. 1987, above. 

80. Knutson et al 1997, above. 



 Page 39 of  39 

                                                                               
81. Buell 2000, above. 

82. Marzluff, John M., et al. 2000. Understanding the effects of forest 
management on avian species. Wildlife Society Bulletin 28(4):1132-1143. 

83. Brown, Richard. 2007. Wildlife issues at the Bloedel Reserve. Bainbridge 
Island Broom. Winter 2007. 

84. See notes 76-79, above. 

85. Paulson, Ian and George Gerdts. 1996. Checklist of Bainbridge Island 
birds.  Bainbridge island Park and Recreation District. 

86. McGarigal, K. And W. C. McComb. 1992. Streamside versus upslope breeding 
bird communities in the central Oregon Coast Range. Journal of Wildlife 
Management 56:10.   
 
Kauffman, J. Boone, et al. 2001, above. 

87. Reeves, Gordon H. 2006. The aquatic conservation strategy of the 
Northwest Forest Plan: An assessment after 10 years. In: Haynes, Richard W., 
et al. Northwest Forest Plan, The First Ten Years (1004-2003). General 
Technical Report PNW-GTR-651. USDA Forest Service, Pacific Northwest Research 
Station. 

88. For instance, work by USGS and UW’s Applied Physics Lab in 
Hood Canal. 


