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Over View 
 
The Draft Mad River Total Maximum Daily Loads for Sediment and Turbidity (Draft 
TMDL) appears technically sound and properly assigns a substantial pollution load to 
land use activity, particularly logging and associated road building.  The U.S. 
Environmental Protection Agency (U.S. EPA) is to be commended for funding collection 
of sediment transport and turbidity data to plug data gaps and to truly assess the 
magnitude and origin of the Mad River sediment pollution problem.  The Draft TMDL 
sets appropriate targets for indicators of sediment pollution and recommends their use for 
long term trend monitoring with the only exception being a reluctance to set a numeric 
standard for mainstem Mad River turbidity.   
 
The Draft TMDL makes strong recommendations for pollution abatement, calling for a 
98% reduction of sediment loading from human activities. The U.S. EPA defers to the 
California State Water Resources Control Board on TMDL implementation, but none the 
less, the final Mad River TMDL needs to be explicit with regard to setting prudent risk 
thresholds for timber harvest, road densities and the number of road crossings so that 
further damage from cumulative watershed effects can be prevented. Prioritization for 
action should reflect a “best science” approach to Pacific salmon restoration similar to 
that put forth by Bradbury et al. (1995).  Alteration of sediment transport processes by 
gravel mining in the lower Mad River has also compromised attainment of beneficial use 
with regard to fisheries; therefore, the need for changes in gravel management practices 
should be discussed in the final Mad River TMDL.  
 
While the Draft TMDL recognizes overall declines in Pacific salmon populations, there is 
no recognition that coho salmon may go extinct, if emergency actions to remediate 
pollution are not implemented.  The final Mad River TMDL needs to take immediate 
steps to prevent pollution in sub-basins critical to coho salmon recovery. 
 
Sediment Source Analysis/Cumulative Watershed Effects 
 
The Draft TMDL uses standard techniques for devising a sediment budget and assessing 
sources.  The findings indicate that only 26% of sediment is from natural sources and that 
loading is 400% over background levels primarily as a result of watershed disturbance 
due to timber harvest and road building. The most highly disturbed sub-basin is the 
Middle Mad, where sediment yield was estimated to be 1103% over background.   
 
Figure 1 shows the triggering mechanisms of various types of recent landslides within the 
Mad River watershed. Roads triggered the most earthflows and were significantly linked 
to debris flow and debris slide initiation as well.  Previous, recent timber harvest activity 
also triggered debris flows, debris slides, earthflows and inner gorge failures.  Chronic 
erosion from roads is an even greater source of sediment in some sub-basins.  
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Figure 1. This chart shows the number of landslides and mechanisms that triggered them 
within the Mad River watershed.  Data from Graham Matthews and Associates 
(Appendix A) for U.S. EPA.  
 
Montgomery and Buffington (1993) point out that major storm events may cause 
previously managed hillslopes to fail and that sediment entrained as bedload in streams 
can increase inner gorge failure risk downstream. Jones and Grant (1996) found that 
roads profoundly alter watershed hydrology, becoming extensions of the streams, thereby 
increasing peak flows during major storm events. The widespread logging and associated 
increasing road densities in the Middle Mad River watershed have likely elevated both 
bedload transport and peak flows and contributed to streamside landslides along the Mad 
River and its tributaries during major storm events.  It was beyond the scope of sediment 
analysis associated with the Draft TMDL to assess cumulative effects; however, it is 
likely that human caused factors likely played a role in some inner gorge failures ascribed 
to natural causes. 
 
Dunne et al. (2001) studied cumulative watershed effects related to timber harvest in 
northern California.  They point the problems that arise when timber harvests or road 
segments are looked at individually and not in conjunction with all activities in a 
watershed and warn that at risk populations can be lost, if cumulative effects are ignored 
and anthropogenic stressors continued:  
 

“The concern about cumulative effects arises because it is increasingly 
acknowledged that, when reviewed on one parcel of terrain at a time, land use 
may appear to have little impact on plant and animal resources. But a multitude of 
independently reviewed land transformations may have a combined effect, which 
stresses and eventually destroys a biological population in the long run.” 
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Dunne et al. (2001) also point out that effects of disturbance are not necessarily linear and 
are sometimes hard to quantify but known to occur: 
 

“Generally speaking, the larger the proportion of the land surface that is disturbed 
at any time, and the larger the proportion of the land that is sensitive to severe 
disturbance, the larger is the downstream impact. These land-surface and channel 
changes can: increase runoff, degrade water quality, and alter channel and riparian 
conditions to make them less favorable for a large number of species that are 
valued by society. The impacts are typically most severe along channels 
immediately downstream of land surface disturbances and at the junctions of 
tributaries, where the effects of disturbances on many upstream sites can interact.” 

 
The geologic setting of the Mad River makes the landscape highly susceptible to erosion 
and patterns of land use on industrial timber lands within the Middle, Lower and North 
Fork Mad River sub-basins are well over those recognized as triggering watershed and 
water quality degradation. Consequently, the final Mad River TMDL should specifically 
note the prior failure of the timber harvest review process to prevent water pollution, loss 
of fish habitat and the decline of Pacific salmon and call for a change in approach to 
future timber harvest oversight to reverse these problems.  
 
Timber Harvest: Ligon et al. (1999) and Dunne et al. (2001) recognized that a critical 
shortcoming of the California Forest Practice Rules (CFPR) was the lack of prudent limit 
or threshold for timber harvest to avoid cumulative watershed effects.  Reeves et al. 
(1993) studied eight Oregon Coastal basins that were less than 25% timber harvested and 
compared them to adjacent watersheds with greater harvest levels. They found that 
streams draining watersheds cut in over 25% of their area within a 30 year period were 
usually dominated by one Pacific salmon species, while basins with less disturbance 
maintained several species. Reeves et al. (1993) traced the root cause to channel 
simplification associated with pool filling and large wood depletion. The value of 25% 
harvest in a 30 year period is roughly equivalent to a harvest rate of 1% of a watershed 
per year or 1% of inventory (POI).  Klein (2003) found elevated turbidity in watersheds 
with greater than 1.5% POI, a slightly higher harvest rate wherein a basin would be 
harvested in roughly 35% of its area in a 25 year period. 
 
Age class data provided as part of the Simpson Timber (2002) Coho Salmon Habitat 
Conservation Plan indicates that timber stands in the Mad River and North Fork Mad 
River are primarily early seral stage, indicating a very rapid rate of recent logging (Figure 
2).  The aerial image below (Figure 3) indicates that timber harvest within the Lindsay 
Creek watershed is approaching or exceeding the threshold recognized by Reeves et al. 
(1993) as causing damage to fish habitat and a decline of Pacific salmon species 
diversity.  The Draft TMDL mentions that Lindsay Creek is one of the last of Mad River 
tributaries supporting coho salmon, but makes no recommendation regarding limiting 
further timber harvest in this sensitive watershed or elsewhere. 
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Figure 2. This chart of tree age classes of Simpson Timber holdings in lower Mad River 
and North Fork Mad River show a paucity of trees over 80 years old and indicate 
extensive timber harvest in recent decades, especially in the last two in Mad River.  
 
Roads: Cedarholm et. al. (1981) found that road densities greater 4.2 miles (mi) of road 
per square mile (mi2) of watershed yielded sediment levels 260% to 430% over 
background and increased fine sediment in salmon spawning gravels by 2.6 - 4.3 times. 
U.S. Forest Service (1996) studies in the interior Columbia River basin discovered that 
bull trout were absent in basins with road densities greater than 1.7 mi/mi2.  They ranked 
road-related cumulative effects risk as Extreme when road densities exceed 4.7 mi/mi2 
(Figure 4).  National Marine Fisheries Service (1996) guidelines for salmon habitat 
characterize watersheds with road densities greater than 2.5 mi/mi2 as "Not Properly 
Functioning" while "Properly Functioning Condition" is defined as less than or equal to 2 
mi/mi2 with few or no stream side roads.  The Draft TMDL indicates that the Mad River 
watershed as a whole has 4.6 miles of road per square mile of watershed and much higher 
densities in sub-basins with recent, active timber harvest (Figure 5).  This is well above 
density thresholds known to cause sediment and flow related cumulative watershed 
effects.  Figure 6 shows high road density in Canon Creek in the Middle Mad River sub-
basin. 
 
Armentrout et al. (1999) noted the increased risk of sediment delivery from failed road 
crossings when there were multiple (or stacked) crossings on one stream channel. Failure 
of a culvert and road prism near the top of a drainage can cause successive failures of 
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Figure 3. This Google Earth image shows extensive patch clearcuts in the Lindsay Creek 
watershed approaching or exceeding the threshold of prudent risk for maintaining salmon 
(Reeves et al., 1993). 
 

 
Figure 4.  The USFS (1996) Interior Columbia River basin criteria for ecological and 
hydrologic risk from road densities.  Mad River watershed wide road density is 4.6 
mi/mi2. 



 6

 
Figure 5. This map is a zoom of Plate 7 from the Draft TMDL showing high road density 
in the Canon Creek watershed. 
 
culverts with resulting catastrophic sediment yield and channel scour in downstream 
reaches.  Armentrout et al. (1999) recommended no more than 1.5 crossings per mile of 
stream to lessen the risk of cumulative effects in major storms. 
 
Management of Steep Slopes/Inner Gorges: The Draft TMDL notes that the Mad River is 
a highly erodible watershed with many sub-basins having steep slopes that are subject to 
landsliding.  Lavin and Lahre (1977) reported that management of steep unstable areas 
next to streams lead to massive inner gorge landslides on the South Fork Smith River.  
Steep slopes have much greater risk of failure when disturbed and computer models can 
be used to predict risk of shallow debris slides (Montgomery and Dietrich, 1994; Dietrich 
et al., 1998). Spence et al. (1996) note that inner gorge failures can cause catastrophic and 
long term damage to stream channels fish habitat. There are several steep inner gorge 
locations in the Middle Mad sub-basin with old growth forests owned by industrial 
timber companies that, if logged, may lead to catastrophic failures.  This elevated risk 
should be recognized in the final Mad River TMDL and land use on steep unstaable areas 
discouraged. 
 
Middle Mad Sub-Basin Tributary Cumulative Effects Case Study: The changes in Canon 
Creek following extensive logging demonstrate significant cumulative effects.  On a hike 
to Sweasey Dam in September 1966, I walked lower Can on Creek just above its 
convergence with the Mad River. Although flow was only slight between pools, the depth 
within the pools was 4-6 feet and there were numerous salmonid juveniles of several size 
classes.  More than 50% of the watershed was logged from 1980-1995.  Pools in lower 
Canon Creek were obliterated by sediment transport and channel widening killed riparian 
trees in low gradient response reaches that were formerly extremely productive for 
spawning and rearing salmonids (Figure 6). The convergence of Canon Creek and the 
Mad River is occupied by a large delta.  I attended a presentation at Humboldt State 
University in 1999 where a consulting statistician for Simpson Timber reported increases 
in channel width of Canon Creek from 50 feet to 150 feet wide from 1985-1999.  
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Figure 6.  The landscape of lower Canon Creek shows recent timber harvest and an 
extensive road network.  Sediment avulsed from the creek formed a delta at the 
convergence with the Mad River (upper left) and aggradation in lower reaches of the 
creek killed riparian trees.  Image from Google Earth. 
 
This stream was a coho salmon index stream for the Pacific Fisheries Management 
Council, but returns have averaged only five coho adults per year after logging (Zuspan 
and Sparkman, 2002). The delta at the mouth was impeding fish during low flows so that 
adult coho could not enter during dry falls in the early 1990’s, but USFWS has since 
funded a project to restore passage (Golightly, 1998). 
 
Turbidity 
 
The turbidity data collected for the Mad River TMDL and the combined analysis with 
existing data from Klein (2003; 2006) are a major highlight of the report and a significant 
contribution to regional scientific understanding.  The conclusion that “turbidity values 
for the Mad River sites are orders of magnitude greater than the background rates” is 
correct and well founded.  The Draft TMDL, however, does not sufficiently discuss the 
implications of the elevated turbidity on Mad River coho salmon and steelhead nor does 
it set a sufficiently specific target for turbidity.  
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Sigler et al. (1984) found that turbidity above 25 nephlometric turbidity units (NTU) 
inhibited feeding of juvenile coho salmon and steelhead trout juveniles and therefore 
reduced their growth rates.  Most coho and steelhead must spend one or two winters in 
freshwater, respectively. The NCRWQCB (2004) pointed out that: “reductions in growth 
decrease the chance of smolts to mature and return as spawning adults, which 
cumulatively jeopardizes population sustainability (Trush 2001).”  The extremely high 
chronic turbidity documented in the Draft TMDL showed that the lower Mad River 
exceeds 25 FNU (formalin turbidity units) over 80% of the period of record (Figure 7).  
For  assessing the impact to coho and steelhead juvenile growth NTU and FTU are used 
interchangeably here because there is only a minor difference between these metrics at 
low levels (0-25) (Randy Klein, personal communication).   
 
In addition, because much of the Lower Mad, North Fork and Middle Mad are in private 
ownership and intensively managed, there are no lightly managed sub-basins where fish 
may find refugia of clear water during winter periods of high flow.  Collison et al. (2003) 
characterized this pattern of homogeneous watershed disturbance as a “press disturbance” 
and distinguished it from natural “patch” disturbance regimes that only affected small 
areas in varying sub-basins during periodic disturbance from fire, floods or earthquakes. 
The lack of clear water refugia and extreme, chronic turbidity can be directly linked to 
coho salmon population falling to levels of fewer than 100 adults annually.  The CDFG 
(Sparkman, 2003) finding that 88% of steelhead in the angler catch are of hatchery origin 
is consistent with poor survival of wild steelhead juveniles due to highly turbid over-
wintering conditions. 

 
Figure 7.  This chart from the Draft TMDL shows that turbidity exceeded levels known to 
inhibit coho and steelhead feeding greater than 80% of the time during the period of 
record in late 2005 and early 2006. 
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Setting a Target for Turbidity: The Draft TMDL notes that reference data for turbidity 
(Klein, 2003; 2006) are from small watersheds (<10 sq. mi.) and, therefore, cannot be 
directly applied to the mainstem Mad River. Surely, setting a standard for the mainstem 
similar to small pristine watersheds (less than 1% exceedence of 25 NTU/FNU) might 
not be achievable or necessarily appropriate. However, setting a limit of 10% exceedence 
of the 25 NTU/FTU level should be considered. The Oregon Department of 
Environmental Quality’s (ODEQ, 2005) exhaustive review of literature on turbidity 
concurs with Newcombe (2003) that while the duration of exposure is important, 25 NTU 
should be a benchmark for impairment for salmonids: 
 

“This is not out of line with Newcombe’s (2003) assessment model regarding 
clear water fishes which predicts that a long-term turbidity level of 25 NTUs 
would be at the threshold for ‘severely impaired’ or ‘poor’ water quality 
conditions.” 

 
The NRCWQCB (2006) acknowledged that the work of Klein (2003) suggests that a 
threshold for turbidity of a number of days over 27 NTU or a 10% exceedence limit for 
this value might be appropriate. They also take note of a different approach suggested by 
Trush (2001) that would require that turbidity be below 27 NTU “when the measured 
flow rate is at ten percent of the daily average late-winter baseflows…This criteria allows 
reliable measurements for the development of baseflow turbidity rating curves.” 
 
Status of Pacific Salmon Populations and Extinction Risk 
 
The Draft TMDL does acknowledge the beleaguered condition of Mad River salmon and 
steelhead populations: 
 

“Information indicates that the populations have declined in numbers and their 
geographic extent has been reduced. Excessive sediment has contributed to 
salmonid problems in the Mad River watershed. For example, spawning gravel 
filled with fine sediment has caused decreased survival to emergence, pool filling 
has reduced juvenile carrying capacity, and high turbidity levels have led to 
reduced feeding and growth (NMFS 2004). Thus the available information 
indicates problems with the COLD beneficial use.” 

 
What Draft TMDL fails to do is to provide a regional context for extinction risk for 
species like coho salmon and information on known climate and ocean productivity 
cycles that will influence recovery.  Brown et al. (1994) noted that populations of coho 
salmon in California were at less than 5% of historic levels and that there were only 
seven streams with adult returns numbering in the hundreds and the Mad River did not 
number among them. The California Department of Fish and Game (CDFG, 2002) Status 
Review of Coho Salmon North of San Francisco stated that “California coho salmon 
populations have been individually and cumulatively depleted or extirpated and the 
natural linkages between them have been fragmented or severed.” This means that any 
additional loss of populations is extremely undesirable and that recovery of coho without 
substantial human intervention is unlikely. 
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The Draft TMDL states that “recent studies conducted during the winter months of 1999-
2003 by CDFG estimated only 46 coho salmon in the Mad River (Sparkman 2003),” but 
fails to recognize that this represents an extreme risk of loss of the Mad River coho 
salmon population.  Canon Creek adult coho salmon returns have showed a declining 
trend from 1985-2000 (Figure 8), representing the decline of one production unit or Mad 
River sub-population in response to habitat loss due excess sediment produced by logging 
and roads. 
 
Higgins et al. (1992) provided the following information on assessing critically low 
Pacific salmon populations and extinction risk: 
 

“When a stock declines to fewer than 500 individuals, it may face a risk of loss of 
genetic diversity which could hinder its ability to cope with future environmental 
changes (Nelson and Soule 1986). A random event such as a drought or variation 
in sex ratios may lead to extinction if a stock is at an extremely low level (Gilpin 
and Soule 1990). The National Marine Fisheries Service (NMFS, 1987) 
acknowledged that, while 200 adults might be sufficient to maintain genetic 
diversity in a hatchery population, the actual number of Sacramento River winter 
run Chinook needed to maintain genetic diversity in the wild would be 400-l 
100.” 

 
Summer steelhead are not recognized specifically as a distinct species in the Draft 
TMDL, but they are a separate stock and qualify as a species under ESA.  NMFS (2005) 
estimated annual adult returns of summer steelhead as 162-384, but Halligan (2003 in 
NMFS, 2004) estimated adults at a much lower level (8-59 fish).  Therefore, the summer 
steelhead population is also at elevated risk of loss.  
 
Collison et al. (2003) note that northwestern California climate and ocean productivity 
for Pacific salmon species varies greatly with ocean current cycles that occur on a scale 
of decades (Hare et al., 1999).  Positive ocean cycles and wet on-land conditions (1900-
1925, 1950-1975) can be positively correlated to Pacific Northwest coho salmon 
abundance (Hare et al., 1999) and alternate with dry-on land and less favorable ocean 
conditions (1925-1950, 1975-1995).  Collison et al. (2003) point out that the switch to 
wet on-land and productive ocean conditions occurred in 1995 and that a reversion to less 
favorable conditions is likely sometime between 2015 and 2025.  They warn that unless 
freshwater habitat conditions are substantially improved by that time, Pacific salmon 
stock loss is likely.  The U.S. EPA should make note of Collison et al. (2003) and stress 
the need for urgent action to reverse sediment pollution. 
 
The South Fork Trinity and Hayfork Creek Sediment TMDL (U.S. EPA, 1998b) set 
numeric targets for recovery of spring and fall Chinook because “diminished fish 
population is the strongest indication of impaired habitat conditions; thus, recovered 
populations are the strongest indication of recovered habitat conditions.”  The final Mad 
River TMDL should have explicit targets for minimum viable populations of all Pacific 
salmon (>500 adults annually) and higher targets for species where historic baseline data 
support them. 
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Figure 8. This chart shows the results of CDFG adult coho salmon surveys in Canon 
Creek from 1985-2000.  High flows and turbidity may confound surveys, so estimates 
should be considered conservative.  Data from Trinity Associates and HBMWD, 2004. 
 
Lower Mainstem Conditions and Gravel Mining 
 
There is no precedent for a TMDL to assess contributions to sediment pollution from 
gravel mining and it was not dealt with in this Draft TMDL.  However, Leopold and 
McBain (1995) pointed out that gravel mining flattens the profile of a stream for a 
considerable distance upstream and downstream of operations.  Cessation of gravel 
mining on the Garcia River, as well as reduction of sediment from uplands through 
successful TMDL implementation (U.S. EPA, 1998a), has lead to a recovery of pool 
depth in the lower mainstem (IFR, 2003).   
 
If gravel mining harvests more material than is being supplied, bed degradation may also 
occur.  The Draft TMDL notes that  
 

“The California Department of Transportation (CalTrans) has surveyed channel 
cross sections at the Highway 101 and Highway 299 bridges since 1928, showing 
significant bed degradation, although one of the gravel operators also conducted a 
survey and came to a different conclusion.” 

 
I have personally witnessed major flattening of the stream profile of the lower Mad River 
and indications of down-cutting.  Pool frequency and depth have dropped dramatically 
since 1985.  A pool just above the Highway 101 bridge has decreased from greater than 
15 feet deep to 6 feet. Summer steelhead used to hold in pools just upstream from this 
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location all summer long from 1985-1988, but pools have become too shallow to allow 
such behavior since the mid-1990’s.   
   
I used to stand on a car body at the head of a pool near Azalea Park on the lower Mad 
River, which later protruded 3-4 feet above the bed. When wading the lower Mad River 
in recent years, the extremely small average particle size of the bed is noticeable and pool 
tail crest areas, formerly suitable for spawning, are now highly mobile and unsuitable for 
egg deposition.  Continual disturbance of the river bar for gravel mining retards 
colonization by willows, alder and cottonwood trees thereby perpetuating extremely poor 
channel definition and fish habitat conditions.   
 
Summer fog blankets the lower Mad River offsetting water temperature problems and, 
the lower river and estuary should be acting as one of the centers of recovery for Pacific 
salmon species. Instead this reach has become too shallow to hold adult fish or to allow 
for substantial rearing capacity.  USFWS (1960) noted that 1,000 Chinook salmon 
spawned in the lower Mad River mainstem and that suitable spawning habitat was 
available for 2500 fish. As noted above, spawning conditions are now poor due to bed 
load mobility.   
 
Figure 9 shows the flood terrace of the Mad River between Blue Lake and Glendale with 
an extremely wide and unstable gravel bar.  Eggs deposited would likely be scoured from 
the bed or buried so deeply that survival to emergence would be unsuccessful (Nawa et 
al., 1990).  Changes in the course of the river, as meander patterns change with high 
flows, might also leave the nest isolated from the active channel.   
 
Improvement Needed in Implementation Section  
 
The U.S. EPA makes clear in the Draft TMDL that implementation is the responsibility of 
the California SWRCB, however, the final Mad River TMDL should be more explicit in 
the direction it gives for implementation given the need for urgent action to prevent 
irretrievable and irreversible loss of species like coho salmon, a key beneficial use. 
 
The Draft TMDL needs to be commended for recognizing that 74% of sediment pollution 
stems from land use activities and calling for a 98% reduction in human caused sediment 
sources.  Kaufmann et al. (1999) and Rieman et al. (1993) point out that salmonids 
cannot be recovered unless the anthropogenic sources of stress on habitat are lessened or 
abated.  Unfortunately, the Draft TMDL completely avoids any suggestion that timber 
harvest or road densities be reduced in the implementation section.  In order to recovery 
Pacific salmon habitat, timber harvest should be limited to 1-1.5% POI (Reeves et al., 
1993; Klein, 2003), road densities should be reduced to less than 2.5 mi/mi2 with 
streamside roads decommissioned (USFS, 1996; NMFS, 1996) and road crossings should 
be reduced to less than 1.5 per mile of stream (Armentrout et al., 1999). Furthermore, the 
final Mad River TMDL should recommend that road building and timber harvest be 
discontinued on steep unstable slopes, particularly in the inner gorge of the mainstem 
Mad River or its major tributaries, pending further study that is part of implementation.  
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Figure 9. The aerial image above shows the Mad River between Blue Lake and Glendale 
with meander patterns on the river bar indicating a high degree of channel instability. 
This area is actively gravel mined, which flattens the stream profile and retards 
establishment of riparian trees that could stabilize the channel. From Google Earth. 
 
The implementation section should recommend prioritizing action in watersheds known 
to be critical to persistence of coho salmon, such as Lindsay Creek, which Trinity 
Associates and HBMWD (2004) noted as “the primary spawning and rearing habitat for 
coho and coastal cutthroat trout.”  Bradbury et al. (1995) defined the steps for recovering 
Pacific salmon populations with one of the principal rules being to protect habitats that 
are least degraded (i.e. Upper Mad, Upper Middle Mad, Pilot Creek) and restore 
watersheds that are adjacent. Using this method of hierarchy, Maple Creek should be 
recommended as an early implementation target. 
 
Restoration activities also are needed for the lower mainstem Mad River, including 
reduction in disturbance from gravel mining and immediate action to accelerate riparian 
recovery. As mentioned above, the timeline for recovering coho habitat should be not 
more than 10 years.  The implementation section of the final Mad River TMDL should 
restate the preference for use of monitoring techniques consistent with the indicators 
presented in earlier sections.  The Blue Lake Rancheria and the Humboldt Bay Municipal 
Water District should be specifically referenced as potential participants in cooperative 
monitoring activities as part of implementation and adaptive management. 
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