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1 Introduction 
The North Parcel/Leonard Ranch Seasonal Wetlands Enhancement Project promotes shallow 
ponds as seasonal wetland habitat for shorebirds, waterfowl, and other seasonal wetland-
associated wildlife and plants. The 279-acre North Parcel and the 244-acre Leonard Ranch sites 
are located on diked baylands in southern Sonoma County, California (Figure 1). The Sonoma 
Land Trust (SLT) owns these sites. Most of North Parcel (excepting a narrow strip along 
Highway 37) and the western 40-acre field at Leonard Ranch have been converted from oat-hay 
farming to seasonal wetlands. The remainder of Leonard Ranch and North Parcel continues in 
agricultural use. During the wet season, storms saturate the sites, raising shallow groundwater in 
the porous tilled soils. Seasonally high groundwater fills naturally occurring topographic 
depressions and creates a matrix of ponds across the landscape. To encourage the development 
and longevity of these ponds, Wetlands and Water Resources, Inc. (WWR) prepared the 
Seasonal Wetlands Enhancement Plan for the North Parcel and Leonard Ranch (WWR 2003) 
that (1) routes as much surface water runoff as possible on to North Parcel, (2) retains this 
surface water on North Parcel, (3) minimizes groundwater and surface water outflow from North 
Parcel and (4) promotes direct rainfall surface ponding on Leonard Ranch. Figures 2 displays the 
locations of enhancement features. SLT constructed the wetland enhancement project in Fall 
2003.  
 
Monitoring activities consist of three components: 
 

• Surface- and groundwater level monitoring 
• Vegetation observations 
• Avian surveys 

 
Previous Monitoring Reports. Four previous reports pertaining to project monitoring 
have been prepared for this project: 
 

1. The Seasonal Wetlands Enhancement Plan presents the project design which formed 
the basis for conditions to be monitored (WWR 2003). 

 
2. The Operations, Management and Monitoring Plan, prepared by WWR and Peter 

Baye in 2003 and finalized in 2005, provides direction for the operation, management 
and monitoring of the site in order to maximize the potential for seasonal wetland 
enhancement (WWR 2005a).  

 
3. The Year 1 (2003-2004) Monitoring Report presents the results of monitoring 

conducted from October 2003 to September 2004, representing Project Year 1 (WWR 
2005b). 

 
4. The Year 2 (2004-2005) Monitoring Report presents the results of monitoring 

conducted from October 2004 to August 2005, representing Project Year 2 (WWR 
2005c).  

 
 



 
 

1037.54_2005-2006 monitoring report_2007-0306trc 2

 

2 Operations, Maintenance, and Management Activities 
Table 1 displays the general monitoring schedules for Monitoring Years 1, 2 and 3. Most 
operation and maintenance activities at North Parcel and Leonard Ranch from 2005-2006 were 
associated with cattle, vegetation, mosquito, or water level management: 
 

 
Beginning in December 2005, SLT implemented a grazing plan as part of the Operations, 
Management, and Monitoring (OMM) plan which utilizes North Parcel as seasonal range for 
beef cattle. Marin Sun Farms (www.marinsunfarms.com), an organic, grass-fed beef cattle 
operation based in Point Reyes Station, grazed 66 head of cattle from December 2005 to June 
2006. David Evans of Marin Sun Farms worked in conjunction with SLT to manage grazing 
operations. Marin Sun Farms notes that the property presents a challenging grazing cycle since 
they must wait until the seasonal ponds recede sufficiently which may shorten the 2 – 3 month 
springtime grazing period.  Based upon lessons learned this year about the property and timing, 
Marin Sun Farms may secure more livestock for next year to match grass production at the Site.    

3 Surface and Groundwater Monitoring 
Surface water levels monitoring occurred at four locations on or immediately adjacent to the 
North Parcel from November 2005 to May 2006. Groundwater level monitoring occurred at one 
location on December 2005 to July 2006. Water level data supports understanding the 
enhancement project results, operating the site’s water control structures, and adapting site 
management activities.  

3.1 Sampling Station Placement Rationale 
Site hydrology is monitored only at the North Parcel due to the lack of water control structures at 
Leonard Ranch. Hydrologic data collected at North Parcel includes surface water levels 
measured by pressure transducers located in drainage ditches, groundwater measure by a 
pressure transducer deployed in a shallow well (piezometer), and a rain gauge to record the 
amount and timing of rainfall. The five water level locations (Figure 3 and 4) provide data that 
enables evaluating project performance and site operations and management: 
 

Month Activity 
Fall 2005 SLT installed weir boards at NP, cleared inflow culverts, removed algae 

from flapgates 
October 2005 WWR deployed rain gauge along Ditch 5 
November 2005 WWR deployed water level sensors at five locations on and around NP 
December 2005 Cattle (66 head) grazing begins 
March 2006 Mosquito treatment (Argo) by Marin-Sonoma Vector Control District 
May 2006 Annual vegetation observations by Peter Baye, Ph.D. and Nathan Boone 
May 2006 WWR removed surface water level sensors (ETSW, ITSW, NWC, C2E) 
June 2006 Cattle removed from site for season 
July 2006 WWR removed groundwater sensor (PØ) 
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• Internal Telemetry Surface Water (IT-SW) is located within the enhancement area 
along the eastern, inflow side of the site along Lakeville Highway (Figure 4). This station 
monitors water levels within the enhanced wetland area, with the assumption that once 
storm inflows have spread across the site, water levels are generally equivalent 
throughout the site. Unlike the two previous years, monitoring via telemetry was not 
utilized for the 2005-06 monitoring. The previous two years monitoring provided 
sufficient understanding of site inflow and drainage response to water control structure 
management (i.e., weir board placement/removal) that the near real-time monitoring 
provided by telemetry was not required to maintain pre-project flood protection levels for 
adjacent properties.  A water level pressure transducer was deployed and periodically 
downloaded at IT-SW.  

 
• External Telemetry Surface Water (ET-SW) is located external to the enhancement 

area upstream of the eastern, inflow side of the site along Lakeville Highway at the 
diversion to the bypass ditch (Figure 4). It monitors water levels immediately “upstream” 
of the enhancement area. In the previous two years, this station was monitored via 
telemetry in order to provide near real-time data to aid in determining when excess inflow 
waters need to be routed around and/or through the enhancement area during storms, thus 
maintaining pre-project flood protection levels for adjacent properties. As with IT-SW, 
telemetry was no longer considered critical for water level management and flood 
avoidance and therefore was discontinued for the 2005-06 monitoring. A water level 
pressure transducer was deployed and periodically downloaded at ET-SW.   

 
• Groundwater (PØ-GW) is located in a shallow piezometer (approximately 8 feet deep) 

in the center of the site (Figure 3). Its purpose is to provide data for relating shallow 
groundwater levels to surface water levels within the enhancement area. A solar powered 
electric cattle exclusion fence was set up around PØ (Figure 3) at the time of sensor 
deployment. 

 
• Northwest Channel Surface Water (NWC-SW) is located in the western boundary 

drainage channel “downstream” of the enhancement area in the northwestern corner of 
North Parcel (Figure 3). Its purpose is to provide data for relating surface water levels in 
the drainage receiving waters to water levels within the enhancement area.  

 
• Culvert 2 (C2) crosses under Lakeville Highway at the northeast corner of the project 

(Figure 3). Monitoring is conducted on its upstream (east) end. Its purpose is to monitor 
how the Silva property upstream of the site is draining in relation to water level 
management at North Parcel.  

3.2 Methods 
From November 2005 through May 2006 atmospherically vented water level sensors were 
deployed within simple stilling wells (surface water) or piezometers (groundwater) at all four 
locations shown in Figure 3 and described in Section 3.1 above. A sensor was also placed in the 
eastern end of Culvert 2, which moves water from east to west under Lakeville Highway. The 
four surface water sensors (IT-SW, ET-SW, NWC, C2) were deployed from November 8, 2005 
to May 10, 2006. The groundwater level sensor (PØ) was deployed from December 2, 2005 to 
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July 20, 2006. The pressure transducers at the five locations measure and record water levels 
simultaneously at the top of every hour. Elevation surveys conducted in 2003 tie sensor 
elevations to permanent reference benchmarks and enable converting raw water level data (feet 
of water above sensor head) to elevations in a fixed vertical datum (NGVD). Routine 
maintenance, water level offset calibrations, and data downloads occurred periodically. A 
tipping-bucket rain gauge was deployed at the Site (Figure 3) during the same time period in 
order to relate local precipitation to site ponding.  

3.3 Results 
Rainfall Data. The 2005-2006 water year exhibited atypical rainfall conditions. December 2005 
proved fairly wet, much of January and especially February 2006 were very dry, and Marsh and 
April 2006 were unusually wet. This rainfall pattern drove the season’s unusual ponding of 
limited early ponding and prolonged later ponding (see below). Figure 5 displays data for all five 
water level stations overlaid with rainfall data for 2005-2006. Figures 6 and 7 display these data 
for the 2004-2005 and 2003-2004 monitoring years. In the 2005-06 monitoring year, a total of 
approximately 28 inches of rain fell at the site. The first rain fell on 24 November 2005, and the 
final recorded rain fell on 21 May 2006. Both the 2004-2005 and 2005-2006 monitoring years 
were above average rainfall years. The 2005-2006 monitoring year had above average 
precipitation occurring later in the year than usual.  
 
The top perimeter of the rain gauge was previously outfitted with bird barrier spikes (4” metals 
spikes; http://www.nixalite.com) used to deter birds from nesting on and clogging rain gauges. 
However, during the 14 April 2006 site visit, the top of the rain gauge was found displaced from 
and lying adjacent to the rain gauge apparently having been knocked off by a cow as there was 
cow hair on the gauge and hoof marks in the vicinity. The rain gauge data logger was still 
operational, so the top was replaced and the rain gauge was relocated adjacent to groundwater 
sensor PØ within boundary of the surrounding the electric cow fence. For the period when the 
raingauge was disturbed (1 March 2006 to 14 April 2006), rainfall estimates for North Parcel 
were based upon rainfall totals at the San Rafael Civic Center. Prior months indicate rainfall at 
North Parcel is approximately 57% of total, which formed a basis for the estimates.   
 
Water Levels and Ponding. Water levels at all stations closely correlated to precipitation events, 
with visible increases in water surface elevations during and immediately following storms and 
gradual decreases of water levels during periods of little to no rainfall (Figure 5). Water levels at 
the NWC fluctuate dramatically in response to off-site agriculture pumping. Off-site pumps 
enhance drainage from the surrounding watershed and operate to reduce flood hazard and 
otherwise manage surface water levels in accordance with surrounding land management.  
 
In comparing water levels between all stations, several patterns were evident, most of which 
were expected and evident in prior years: 
 

• There was approximately 4.5 inches of rainfall at the Site prior to seeing any rise in 
surface and groundwater levels. This indicates the approximate amount of rainfall 
necessary to saturate the watershed prior to yielding rainfall runoff. Approximately 9 
inches of rainfall fell prior to surface ponding at the Site. 
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• During storms, there is a gradient from high to low water surface elevations from 
C2E to IT-SW to NWC. In between storms (once the watershed is saturated), the 
gradient is generally IT-SW to PØ to C2E to NWC.  

 
• C2E has a “flashy” response to storms, with water levels subject to rapid rises and 

falls.  
 
• IT-SW is “responsive” to storms, gradually building a base water level over the 

season.  
 
• The downstream receiving water (NWC-SW) is almost always the lowest level as 

offsite agricultural pumps keep it drained. It responds rapidly to storms, reflecting 
watershed runoff inputs that are external to North Parcel. 

 
• All surface water stations respond rapidly to storm runoff; the groundwater station 

responds slightly slower.  
 
• As observed in previous years, water levels at the internal drainage ditch station 

(IT-SW) and external drainage ditch station (ET-SW) respond rapidly to weir 
board installation and removal.  

 
• Late in the rainy season (mid-May), groundwater at PØ still responded to 

precipitation events. PØ water levels were at -7.34 ft NGVD at the time of 
instrument removal in July 2005.  

 
The target ponding level for the North Parcel is -2.5 ft NGVD at peak periods under average 
rainfall conditions (WWR 2003). Water levels at the IT-SW, NWC-SW and C2E stations first 
briefly peaked above this mark for a brief period at the end of December and beginning of 
January, prior to declining gradually over the course of the subsequent two months during which 
there was no significant precipitation (Figure 5). Water levels at IT-SW, NWC-SW, PØ, and 
C2E rose above -2.5 around early March in response to rainfall. 
 
The 2003-2004 monitoring report presented an algorithm developed to relate IT-SW water level 
elevations in NGVD to ponding acreage across the North Parcel (WWR 2005b). This same 
algorithm was applied to the 2004-2005 and the 2005-2006 IT-SW data (Figure 8). In two prior 
monitoring years, the acreage estimates based on the algorithm predicted slightly smaller 
acreages (ca. 10%) than the estimates calculated using aerial photographs (Figure 9 for 2005, 
Figure 10 for 2004). For the 2005-2006 acreages, the algorithm predicted a peak ponding of 
slightly greater than 169 acres occurring on 6 March 2006. A second peak period occurred one 
month later on 5 April 2006 with slightly less than 169 acres of ponded area.  

4 Vegetation Observations 
Formal vegetation monitoring is not conducted at North Parcel or Leonard Ranch; instead, 
periodic observational efforts occur to assess qualitatively Site conditions and appraise 
vegetation management strategies. Prevailing conditions of the site during the 1990s were 



 
 

1037.54_2005-2006 monitoring report_2007-0306trc 6

described in Section 2.3 of the Vegetation Management Plan (VMP), found in the OMP (WWR 
2005b). 
 
Peter Baye, Ph.D. (botanist and coastal plant ecologist) and Nathan Boone (Sonoma Land Trust) 
visited the Site on 11 May 2006 to observe and assess vegetation conditions. Peter Baye 
provided the following synopsis of vegetation and site conditions as observed on that day. 

4.1 Descriptive overview of vegetation and habitat conditions  
 
Vegetation pattern. The seasonal wetland vegetation appears to have again differentiated into a 
patterned landscape of large winter-spring pools in a matrix of grassland (pasture) plains, with 
variable vegetation gradients. The plains are dominated by (seeded) pasture ryegrasses (Lolium 
spp.) and a minor component of non-native weeds and native forbs. Ryegrass growth was most 
productive in topographic high areas with better drainage. Pool/pasture vegetation gradients vary 
from gradual to relatively sharp and abrupt discontinuities, usually marked by mostly bare litter 
mats, mineral films, or algal mats. The pools have been modified by explosive spread of Agrostis 
avenacea, a seasonal wetland weed. A. avenacea dominates pools along their upper edges and 
the shallower beds, and is also emerging later in the deeper depressions. Lower pool bed surfaces 
in May were either matted dried algae with mineral films, dried cattle-trampled mud, or litter 
mats; seedlings were only starting to emerge in pool beds on May 11 (some pools still supported 
shallow water). Ditches support residual Bolboschoenus maritimus (alkali bulrush) partially 
recovering from dieback, and some Typha spp. (cattail).  Ditch banks support scattered colonies 
of recovering Leymus triticoides (creeping wildrye).  
 
Long hydroperiods and ‘red pan’ pool beds. The seasonal wetland vegetation at the site has 
been subjected to prolonged periods of inundation. Stratified drift-line deposits of Lolium litter 
along ditch berms at the north end of the site indicate that the entire pasture plain was submerged 
by at least 15 to 20 cm for prolonged periods in late winter or spring. Pool depths appear to have 
been in the range of 30 to 40 cm or more over extensive areas for many weeks or months in late 
winter and spring. Prolonged spring flooding of pool beds appears to have resulted in strongly 
anaerobic (reducing) soil conditions with moderately high spring temperatures, resulting in 
apparent intensive “red pan” surface mineral deposits after bed emergence (iron oxide and acid 
sulfates), especially in the deeper pools. Dried or drying filamentous algal mats are abundant in 
deeper ponded depressions. Dried algal mats are either sun-bleached or coated or impregnated 
with iron oxide mineral films. Iron oxide and acid sulfates are apparently formed during 
emergence (drawdown) phases by oxidation of iron sulfides. Sulfide reduction occurs during 
anaerobic submergence phases. Accumulation of iron oxide deposits (rusty hue intensity) 
appears to correspond with water depth and duration of standing water in ditches and pools 
(during drawdown, iron sulfides oxidized to release abundant free iron oxide and acid sulfates, 
along with other precipitates). Iron staining of desiccated filamentous algal mats and standing or 
matted plant litter (residual 2005 plant matter) is widespread in pool beds.  
 
Ditch vegetation dieback. Depth and duration of submergence in ditches has resulted in dieback 
of Bolboschoenus maritimus (alkali bulrush) in much of the east-west trending drainage ditches. 
Dieback is associated with heavy algal matting and iron staining. This dieback of alkali bulrush 
in drainage ditches in the North Bay has not previously been observed except in drought years 
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(Peter Baye 2006). The dieback seems very likely to be due to flood depth and duration in excess 
of its submergence tolerance. Ditch beds appear to have been under over 1.5 m of water for 
months. These conditions are expected as the ditches are contiguous water bodies with the 
ponded fields and serve as the primary drainage routes via weirs constructed at their western 
ends. 
 
Cattle trampling of saturated soil. Cattle trampled vegetation and the Reyes clay soil extensively 
during periods of soil submergence and saturation, and during drawdown, when soil shear 
strength was minimal. The soil surface microtopography is generally pitted by cattle hoof prints 
10 to 20 cm deep, concentrated in areas supporting some grass cover. Emergent beds of 
unvegetated or late-germinating pools were less pitted.  
 
Phenology: Most of the pool (seasonal pond) beds were only beginning seedling germination by 
May 11. This delay in seedling emergence is likely due to combined effects of late drawdown 
and prolonged deep seasonal pond flooding associated with the extensive late rains. Similarly, 
the seasonal development of Lolium appears to be delayed relative to the project site vicinity, 
probably due to delays in site drainage. Growth and productivity of Lolium appears to be limited 
by the interaction of late drawdown/drainage and significant grazing pressure early in its 
development, due to its scarcity.  
 
Habitat for shorebirds and waterfowl: Hydroperiods of seasonal pool beds are successfully 
inhibiting the growth of tall, dense vegetation, and development of extensive mud/litter pool 
beds. The beds, however, may not be available to shorebirds in winter and spring (high tide 
refuge, roost habitat) because of excessive pond depths in pond interiors and too tall of 
vegetation along shallower pond perimeters. The original design envisioned that the gentle slope 
of the ponds would provide a range of depths at all stages, with the location of a particular depth 
expanding and contracting as ponds rise and fall. As a result, throughout the season a range of 
depths would be available with the acknowledgement that at maximum stage the center of the 
ponds would be too deep for target wildlife species and that those deep areas would become 
available later in the season during pond drawdown. However, achieving the desired low-
vegetation edges at all pond stages depends on a broad expanse of such low-vegetation areas, 
which has not been borne out as described above. Consequently, conditions observed over the 
2005-2006 winter and spring may have been counter-productive for wildlife habitat objectives. 
Winter-spring flood depths of pools, even along pool edges in Lolium/Agrostis grassland, appear 
to be significantly deeper than the optimal six inch (ca. 15 cm) depth for migratory shorebirds. 
Pond depths may also exceed the optimal 15-30 cm depth for dabbling ducks.  
 
Large numbers of clam shrimp (native vernal pool invertebrates) were found in draining pools at 
the southwest end of the site. Otherwise, soil invertebrates during the emergent phase of the 
pools were very scarce.  
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4.2 Selected plant species trends  

4.2.1 Non-Native Invasive Species 
Agrostis avenacea (Australian bentgrass). The spread of the non-native invasive perennial 
wetland grass, A. avenacea, was not controlled in 2005, prior to cattle grazing. This species is 
effectively dominant across nearly all (if not all) seasonal wetland pools this year, and also 
occurs in higher pasture. It is unclear whether cattle grazing will restrict its seed production in 
2006. This site now supports the largest single population in western San Pablo Bay (Peter Baye 
2006). If it produces seed (“tumbleweed” panicles) in 2006, it will exert strong seed dispersal 
pressure along Highway 37 ditches, Sears Point seasonal wetlands, and perennial and deeper 
seasonal wetlands in Novato.  
 
Centaurea solstitialis (yellow starthistle). Starthistle is still present, but is not widespread, and 
its seedlings appear to be only locally abundant so far this year. Areas of standing dead starthistle 
stems from 2005 were lacking seedlings in May 2006, and this is likely due to prolonged soil 
saturation and competition from seasonal wetland species. Starthistle is a noxious weed in 
pastures, and it appears to be progressing towards control at North Parcel. Some problem areas 
persist at the west-central portions of North Parcel.  
 
Parentucellia viscosa. P. viscosa is a hemi-parasitic annual non-native weed, abundant in the 
pastures of Lakeville Highway and Sears Point. A few small plants were detected at the north 
end of North Parcel among trampled and grazed Lolium with sparse cover. This is the first 
occurrence of this species observed by Peter Baye at the site, or in diked baylands.  
 
Senecio jacobaea (tansy ragwort). This non-native pasture weed was detected as a small colony 
along ditch banks at the northeast end of the site, near the east end of at least one ditch. This 
species was previously observed once at Leonard Ranch by Peter Baye. It is highly toxic to 
livestock, and is a noxious pasture weed in the North Coast. It may have arrived with hay or 
farming equipment: it was not previously thought to be present at North Parcel.  
 
Xanthium strumarium (cocklebur). Cocklebur (variously interpreted as a non-native wetland 
weed or cosmopolitan native annual forb) was detected for the first time in an emergent pool bed 
on the site. In San Pablo Bay, it is associated with beds of ditches and late-emerging seasonal 
pools with prolonged flooding.  

4.2.1 Native Invasive Species 
Glyceria occidentalis (manna grass). This native annual to perennial wetland grass, typical of 
late-emergent seasonal wetlands with sparse perennial cover, occurs sporadically in pools, 
especially at the northeast end. It is unlikely to persist in competition with Agrostis avenacea.  
 
Hordeum brachyantherum (meadow barley). An excellent stand of this native perennial/annual 
grass is consolidating and expanding along the entry access road to the gate. Otherwise, it is rare 
on the site. It has potential to be seeded and established in upper pool edges. Its tolerance to late 
spring grazing needs to be determined.  
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Leymus triticoides (creeping wildrye). Recovery of ditch-bank colonies of the native Leymus is 
proceeding. These stands are protected from grazing and trampling by cattle. Leymus stands 
under PG&E towers are declining significantly because of concentrated trampling and grazing. 
Cattle appear to accept Leymus for graze, at least during the wet spring of 2006 when other 
availability of other forage may have been limited.  Recovery of Leymus appears to be limited to 
natural regeneration from surviving remnants of the former ditch bank populations.  
 
Plagiobothrys bracteatus (popcornflower). This native seasonal wetland annual forb, typical of 
vernal pools, is now extensively distributed at North Parcel. It appeared spontaneously last year 
at the southeast corner of the site. It now has established large stands at the northwest corner (in 
heavily trampled shallow pools), and occurs sporadically in shallower pools and pool edges 
across the site. The vigor of the plants is high even in deep pools with strong iron staining 
(indicators of extreme low redox/high acid sulfate). It is expected to increase in pools except 
where Agrostis avenacea develops perennial cover.  
 

4.3 Vegetation trends  
The pool vegetation continues to exhibit very rapid increases in abundance of Agrostis avenacea. 
Pools currently low in cover by this species are probably still prone to invasion, and are merely 
lagging in dispersal and spread in time. There appears to be no physiological or competitive limit 
to its spread in pools. Pool beds not dominated by Agrostis continue to support abundance of 
low-growing annuals such as Juncus bufonius (toad rush; native annual rush), Polygonum 
arenastrum (nonnative doorweed, knotweed; possibly P. punctatum as well; flowers not present 
at time of visit), Lythrum hyssopifolium (annual hyssop-leaf loosestrife; nonnative), and Cotula 
coronopifolia (brass-buttons, non-native amphibious perennial/annual forb). Polygonum is most 
abundant at the northern end of the site. Lotus corniculatus (bird’s-foot trefoil; nonnative 
perennial forb), common in the site’s oat hayfields in the 1990s, appears to be returning in low 
density. Only two native wetland plants, Plagiobothrys bracteatus and Juncus bufonius, provide 
significant cover at North Parcel. No other locally abundant native seasonal wetland plants have 
been observed to establish in potentially suitable conditions, analogous with Sears Point seasonal 
wetlands and diked baylands (e.g. Eleocharis macrostachya (common spikerush), Lilaea 
scilliodes (flowering quillwort), Triphysaria versicolor var. faucibarbata (butter-and-eggs). L. 
scilloides was seeded at North Parcel by N. Boone, but no establishment has been detected in 
2006.  
 
The pasture remains dominated by seeded Lolium spp. (L. perenne, L. multiflorus), but its 
productivity in May appears to be constrained by late drainage and proportionally strong grazing 
pressure early in its development. Its productivity should be monitored to determine whether the 
reduced growth is mere delay in development or inhibition of growth due to adverse soil/grazing 
conditions. Raphanus sativa (radish) and Hypochaeris radicata (cat’s-ear) are terrestrial 
grassland weeds that persist on the site, but they appear to be less abundant than previous years. 
This may be due to the new grazing regime and last year’s mowing. Spergula arvensis (spurrey; 
annual, nonnative) and Convolvulus arvensis (bindweed; perennial, non-native) also persist in 
the pasture at low density, but do not appear to be increasing.  
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4.4 Discussion and Conclusions  
 
The “red pan” condition (strongly iron oxide-stained soil algal mats, litter) prior to seasonal 
wetland enhancement in the project vicinity was largely limited to ditches and a few deeper 
depressions at Sonoma Baylands (early 1990s). Red pan conditions generally do not occur 
abundantly in Sears Point baylands, even in late-emergent, poorly drained pools dominated by 
wetland plants. The frequency and intensity of red pans in North Parcel seasonal ponds indicates 
excessive hydroperiods and water depths in the past two seasons. The 2005-2006 rainfall pattern 
of significant, late rainfall exacerbated these conditions. The red pan condition is also highly 
conducive to spread of Agrostis avenacea, which thrives in ditch beds and seasonal pond beds 
that emerge very late in the growing season. The intensive development of red pan conditions is 
likely due to the interaction between excessive hydroperiods (extending into mid-spring, higher 
soil temperatures) and abundant organic matter in the soil that supplies microbial activity. Acid 
sulfate accumulation in soil due to excessive hydroperiods may reduce forage quality and 
productivity over time. These findings suggest that ponds should be lowered earlier in the season, 
which reduces late season habitat quantity but should improve mid-season habitat quality. 
 

5 Bird Use Monitoring 
 
For the past three years, annual springtime bird surveys have been conducted at North Parcel. In 
2005-06, bird use censuses were coordinated by Sonoma Land Trust which arranged site visits 
for qualified volunteers to perform surveys on six occasions in April. In 2003-04 and 2004-05, 
Avocet Research Associates (ARA) biologists conducted bird use censuses at North Parcel,  
during March and April. Jules Evens of ARA assisted SLT in developing bird survey data sheets 
and discussed protocols to standardize methods to the extent possible and consistency with prior 
years surveys. 
 

5.1 Methods 
For the purposes of this report, the term “waterbirds” refers to two general groups: “waders,” 
which includes shorebirds (family Scolpacidae) and egrets and herons (family Ardeidae), and 
“waterfowl,” which includes geese and ducks (family Anatidae). 
 
Volunteers conducted six absolute counts (censuses) of waterbirds within North Parcel. As in 
prior years, the seasonality of surveys was selected to coincide with the period when highest 
numbers of waterbirds were expected to occur in the region (Shuford et al. 1989, McCaskie et al. 
2000, Evens and Tate 2005). Use of volunteers allowed the total number of survey days to 
increase to six. Censuses were timed generally to correspond to high tide periods when the tidal 
flats of nearby San Pablo Bay were inundated and unavailable to foraging waders.  
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Censuses dates and surveyors for 2006 are summarized below. 
  
Date Time  Surveyor 

18-Apr 1530 - 1700 
Betty Burridge, Deyea Harper, Janet Bosshard,  
Ellen Blustein, Leah Norwood, Linda Fisher 

21-Apr Not indicated Betty Burridge  
23-Apr Not indicated Deyea Harper, Janet Bosshard 
26-Apr 1100 – 1300 Leah Norwood, Linda Fisher 
27-Apr 1135 – 1250 Betty Burridge, Deyea Harper 
30-Apr Not indicated Deyea Harper, Janet Bosshard 

 

5.2 Results 
Table 2 presents the 2003-2004, 2004-2005, 2005-2006 census reports, which display the 
number of birds of each species observed during each census. Table 3 presents the 2003-2004, 
2004-2005, 2005-2006 summary data, displaying species richness and composition (% dabblers, 
% waders) for each census.  

5.3 Discussion 
The total number of species observed and the total individuals observed in the 2006 season was 
less than 2005 and greater than 2004. However, in prior years, the greatest number of species and 
individuals were observed in March. The difference in timing, with this year’s surveys beginning 
later in spring, inhibits comparison of surveys results. Survey results on comparable dates 
(4/15/2005 to 4/18/2006) indicate a significantly greater number of species (11 versus 1) and 
individuals (139 versus 2) in 2006. 
 
New waterbird species observed this year include: Willet (Catoptrophorus semipalmatus), 
Marbled Godwit (Limosa fedoa), Black-bellied Plover (Pluvialis squatarola), and Semi-
palmated Plover (Caridrius semipalmatus). These wading waterbirds species may not have been 
observed in prior years because in 2006 ponds persisted longer and surveys were conducted later 
in spring relative to prior years. Six new species of landbirds were observed this year: Osprey 
(Pandion haliaetus), White Tailed Kite (Elanus leucurus), American Kestrel (Falco sparverius), 
Tree Swallow (Tachycineta bicolor), European Starling (Sternus vulgaris), and Northern 
Mockingbird (Mimus polyglottos).  
 
Waterbird census results indicate that in 2006, unlike 2005, there was a higher percentage of use 
by wading species (60%) compared to waterfowl (40%).  However, the number of individuals 
was greater for waterfowl (63%) than waders (37%). In 2005, the number of individuals was also 
greater for waterfowl, but there was a much greater discrepancy (91% versus 9%). This 
difference is likely a result of the timing of survey and that the two years were quite different in 
rainfall patterns affecting ponding. Both the 2005 and 2006 surveys indicated a decrease in 
waterfowl as the spring progresses, an expected result as water levels decrease on site and as 
birds migrate north. 
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Waterbird use of non-tidal wetlands in the northern reaches of San Francisco Bay, as elsewhere, 
is dependent on prey availability, proximity to other wetlands, water levels, periodicity of 
hydration and timing relative to migratory periods. Water levels at North Parcel are managed to 
promote waterfowl and shorebird habitat, with that management constrained by mosquito control 
needs especially during the late winter and early spring months. Water levels also are dependent 
upon local rainfall an inherently variable and unpredictable factor. Consequently,  
 
 
the habitat is inherently unpredictable in extent and depth and occurrence of birds at the site is 
correspondingly inconsistent. In addition to natural annual variability, site management may 
dictate rapid changes in water levels that affect census results on a given day. These factors 
complicate determining whether the difference in waterbird use between years is due to natural 
variability or selective use of the site by waterbirds. Continuation of census surveys in February 
through April and pond acreage estimates will better inform the understanding of waterbird use 
of North Parcel over time. 

6 Project Performance Summary  
The Final Enhancement Plan for the North Parcel/Leonard Ranch site (WWR 2003) contains five 
specific project goals plus two avoidance targets: 
 

1) Enhance shorebird and waterfowl habitat 
2) Enhance seasonal wetlands for other wildlife and plants 
3) Maintain limited ongoing agricultural use 
4) Minimize maintenance activities and expenses 
5) Maintain flexibility for future restoration activities 
6) Minimize mosquito production 
7) Maintain existing stormwater drainage levels 

 
An evaluation of project performance relative to these goals is detailed below.  

6.1 Project Goal 1: Enhance Shorebird and Waterfowl Habitat 
The enhancement of shorebird and waterfowl habitat is the primary goal of this project, and is 
comprised of the five components listed below. The project design anticipated a transition in 
early project years from an agricultural field to ecologically functional seasonal wetland. This 
third project year continued to indicate positive progress toward ongoing transition. 
 
1) Create a complex of ponds that provide a variety of depth and area as water levels vary 

throughout each winter 
 
As demonstrated in Figures 5 and 8, the 2005-2006 wet season successfully created a complex of 
ponds of varying depth and area. Ponding at North Parcel ranged between 0 and 169 acres (out of 
a site total of 279 acres) from late December 2005 through mid-April with ponding depths 
ranging from zero to over 2.5 feet in some areas.  
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2) Encourage low-growing vegetation within and along the margins of these ponds that 
promote invertebrate prey populations 

 
The original design envisioned that the gentle slope of the ponds would provide a range of depths 
at all stages, with the location of a particular depth expanding and contracting as ponds rise and 
fall. As a result, throughout the season a range of depths would be available with the 
acknowledgement that at maximum stage the center of the ponds would be too deep for target 
wildlife species and that those deep areas would become available later in the season during 
pond drawdown. However, achieving the desired low-vegetation edges at all pond stages 
depends on a broad expanse of such low-vegetation areas, which has not been borne out as 
described above. The mud/litter pool beds may not be available to shorebirds in winter and 
spring (high tide refuge, roost habitat) because of excessive winter-spring flood depths of ponds 
in interiors and too tall of vegetation along shallower pond perimeters. Consequently, conditions 
observed over the 2005-2006 winter and spring may have been counter-productive for wildlife 
habitat objectives. 
 
Large numbers of clam shrimp (native vernal pool invertebrates) were found in draining pools at 
the southwest end of the site. Otherwise, soil invertebrates during the emergent phase of the 
pools were very scarce.  
 
3) Discourage tall emergent vegetation within and adjacent to the ponds so that shorebirds 

have an unobstructed view for predator avoidance 
 
The abundance of Australian bentgrass (Agrostis avenacea) in and around the seasonal ponds is a 
problem because this nonnative, invasive plant can grow to a height of almost 3 feet. This height 
is too high for most shorebirds to tolerate and if not grazed, mowed, or otherwise controlled, the 
Agrostis will continue to dominate vegetation in and around the ponds, severely limiting habitat 
values for shorebirds at the site. Controlling Agrostis is a priority for SLT. Cattle grazing was 
initiated from 21 December 2005 to 13 June 2006 in part as an attempt to control the spread of 
this invasive species. 
 
 
4) Provide ponding to the extent practicable during the full range of dry to wet years 
 
Both the 2004-2005 and 2005-2006 were wet years, with over 30 inches (04-05) and 
approximately 28 inches (05-06) accounting for 123% and 115% of average vicinity rainfall. 
Ponding occurred on North Parcel from late December to mid April. It took approximately 4.5 
inches of rain to saturate the watershed and North Parcel groundwater and to generate runoff. It 
took another 4.5 inches (9 inches total) of rain for ponding to commence, and another 2 inches 
(11 inches total) to achieve the target ponding level of -2.5 Ft NAVD (Figure 5). The DEM-
calculated ponded area reached a peak of 169 acres in early March and again in early April.   
 
As discussed in the Vegetation Observations (Section 4.0), during wet years the Site is capable 
of ponding water at depths and durations greater than may be desired to realize intended wildlife 
habitat benefits. Adaptive management proposed for the 2006-07 season (see Adaptive 
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Management Measures, Section 7) includes shallower and briefer, fluctuating hydroperiods to 
more closely emulate rainfall-driven hydroperiods. 
 
No quantitative pond level or duration monitoring took place at Leonard Ranch. This portion of 
the project relies on direct rainfall only and the land is drained by one of the largest and deepest 
of the agricultural ditches on the entire site. As in prior years, some ponding did occur for brief 
periods (days-week time scale) following some of the larger storms. 
 
5) Provide ponding into the early spring (i.e., April) for spring migration, in context of 

mosquito abatement needs. 
 
As in the prior 2004-2005 season, the abundance of rainfall in the 2005-2006 season lead to 
substantial ponding on North Parcel into mid-April. Mosquito Abatement conducted control 
activities treating drainage ditches beginning in March 2006 and testing mosquito larvae for 
West Nile virus (no infected mosquitoes found). Ponds were drained in May 2006. 

6.2 Project Goal 2: Enhance Seasonal Wetlands for Other Wildlife 
and Plants 

The second ecological goal for this project is to create habitats suitable for other wildlife and 
plant species associated with seasonal wetlands. The bird surveys (Section 6 and Tables 2, 3) 
observed a number of species other than shorebirds and waterfowl utilizing the seasonal 
wetlands for both foraging and roosting purposes. The vegetation changes (Section 4) indicate a 
rebound of certain native seasonal wetland plants including Glyceria occidentalis (manna grass), 
Plagioborthrys bracteatus (popcornflower) and native grasses including Hordeum 
brachyantherum (meadow barley). Leymus triticoides (creeping wildrye) is evident in ditch-bank 
colonies in areas protected from grazing and trampling by cattle; however, it is declining from 
previous year observations in areas under the PG&E towers due to concentrated cattle grazing. 
Plagiobothrys bracteatus (popcorn flower) is extensively distributed across the Site.  

6.3 Project Goal 3: Maintain Limited Ongoing Agricultural Use 
Maintaining some amount of agricultural usage of these sites fulfills two objectives and offers 
one distinct advantage for project maintenance. First, the lease revenues provide SLT the basic 
funds necessary to cover property taxes. Second, retaining agricultural uses helps to demonstrate 
compatibility between agriculture and natural resources management, an important element in 
areas with a long farming history. Presently, oat-hay farming at North Parcel is limited to a 
narrow strip along Highway 37 within the Caltrans wide right-of-way.  Leonard Ranch, 
excluding the western 40 acres, is continuing to produce oat hay. 
 
As described in Section 2, beginning in December 2005, SLT began utilizing North Parcel as 
seasonal range for beef cattle. Marin Sun Farms, an organic, grass-fed beef cattle operation 
grazed 66 head of cattle from December 2005 to June 2006. SLT and NRCS are pleased with the 
result of the 2005-2006 grazing season, but will institute some modifications for 2006-2007 in 
the timing of grazing and number of cattle. 
 
Marin Sun Farms notes that the property presents a challenging grazing cycle since they must 
wait until the seasonal ponds recede sufficiently which may shorten the 2 – 3 month springtime 
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grazing period.  Based upon lessons learned this year about the property and timing, Marin Sun 
Farms may secure more livestock for next year to match grass production at the Site. Prior to the 
2006-2007 winter, SLT and NRCS agree it would be beneficial to introduce approximately 50 
head of cattle to the site to further graze remaining vegetation. Cattle would be removed prior to 
the rainy season and not reintroduced until ponds recede in springtime to avoid adverse impacts 
to soil and plant vigor resulting from trampling and compaction of saturated soils. However, no 
cattle grazing took place after June 2006. 

6.4 Project Goal 4: Minimize Maintenance Activities and Expenses 
Managing seasonal wetlands over the long term incurs costs for operations, monitoring and 
maintenance. SLT operates on the principle of stretching available funds as far as possible. To 
this end, the project succeeded in minimizing maintenance activities and expenses during the 
2005-2006 monitoring period. Principle maintenance expenses during this monitoring period 
include installing an electric cattle fence necessary for grazing operations. Additional expenses 
relate water level management, including installing and managing weir boards and maintaining 
flap gates, and mosquito abatement activities. More details about operation and maintenance 
activities on the site can be found in Section 2 of this report.  

6.5 Project Goal 5: Maintain Flexibility for Future Restoration 
Opportunities 

North Parcel and Leonard Ranch are located within an upland context of lands that have been 
restored and are restorable as tidal marsh – seasonal wetland complexes. Historically, the local 
area consisted of extensive tidal marshlands up to the base of Sears Point and Sonoma Mountain 
(see Figure 2). Two tidal marsh restoration projects have been completed nearby, the Sonoma 
Baylands Project to the south and the Petaluma River Marsh to the west (see Figure 1). A third 
project, the Sears Point Restoration Project, will restore a complex of tidal and diked wetlands on  
approximately 2,300 acres east (and upstream) of North Parcel and Leonard Ranch. This goal is 
met, in that a minimum of man-made structures exist at North Parcel, and none at Leonard Ranch. 
If opportunities arise to restore the sites back to their historic tidal marsh state or to integrate 
them into the Sears Point Restoration Project more effectively, a minimum of structures will 
have to be removed or altered. The inclusion of a Natural Resource Conservation Service (NRCS) 
Wetland Reserve Program (WRP) easement onto portions of North Parcel and Leonard Ranch 
may interfere with future tidal marsh restoration; if these lands are considered for tidal 
restoration, this constraint will have to be addressed.  

6.6 Project Goal 6: Minimize Mosquito Production 
Seasonal ponds and water in drainage ditches provide habitat suitable for mosquitoes. To 
minimize mosquito production while achieving seasonal ponding objectives, SLT works in 
conjunction with the Marin/Sonoma Mosquito and Vector Control District (MSMVCD) to 
manage water levels and monitor and treat mosquitoes. The communication protocol established 
by SLT and MSMVCD to monitor conditions and manage water levels has worked effectively 
during the previous two years of monitoring and the MSMVCD expressed they are pleased with 
cooperation and coordination during the previous year.  
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A benefit of cattle grazing includes reducing vegetation cover that provides mosquito habitat. 
This is particularly applicable around seasonal pond perimeters where the vegetation in this 
standing water may reduce wave action and provide cover from predators.   
 
MSMVCD periodically samples drainage ditches and seasonal ponds for mosquito larvae. Based 
upon threshold levels observed on the Site and in the adjacent pastures and seasonal wetland 
areas drainage ditches and ponds are treated with the insecticide Argo typically applied by 
helicopter and airboat.  

6.7 Project Goal 7: Maintain Pre-existing Storm Water Runoff 
Function 

Data from Culvert 2 that drains across Lakeville Highway from the adjacent Silva property onto 
North Parcel indicate that water at the culvert track patterns of water level fluctuation at North 
Parcel during the wet season (Figure 5). Comparing to pre-project data, these water levels are up 
to about 0.5 ft higher. These higher water levels remain below ground elevations of the small 
Silva field east of Lakeville Highway but likely raise seasonal shallow groundwater levels. This 
field is drained west through North Parcel and south through the Sears Point Restoration Project 
site, with the relative drainage amounts depending on downstream pump operations and 
condition of ditches and culverts between this small field and the pumps. 
 
In 2005, SLT upgraded the culvert and cleaned the ditch that connects this field south to the 
Sears Point pumps. SLT also cleaned the segment of the ditch on the west side of Lakeville 
Highway that connects the culverts draining this field to the bypass ditch at the southeast corner 
of the North Parcel site. In 2006 and early 2007, SLT further cleaned the ditch along the west 
side of Lakeville Highway and lowered the invert elevation of the bypass weir from about 1 ft 
below the Lakeville culvert invert elevations to about 2.5 ft below those culvert inverts, both to 
promote better drainage routing through the bypass ditch to the pumps to the west. Also in 2006, 
Craig Jacobsen added a weir in the ditch on the north side of the berm that defines northern 
project boundary. This new weir reduces stormwater inflow through Culvert 1 onto the Silva 
property and helps redirect those flows onto North Parcel through the inflow culverts installed 
for the enhancement project. The efficacy of these improvements will be monitored during the 
2006-2007 winter period. In addition, SLT may provide additional drainage enhancements for 
the Silva property as part of its Sears Point Restoration Project. 
 

7 Adaptive Management Measures 
As the fourth winter season of operation at North Parcel and Leonard Ranch approaches, several 
lessons learned from the prior years are available to modify site operations and management, an 
iterative process known as adaptive management. Listed here are a number of items: 
 

1) Over the first several years, SLT operated the site to maximize storage of watershed 
runoff to prolong ponding as long as possible consistent with mosquito production 
limitations. For the 2006-2007 winter season, SLT will reduce water level by 1 or 2 
weir boards (0.5 or 1ft) and explore a modified water management regime of raising 
and lowering water levels iteratively with the aim of emualating rainfall-driven 
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hydroperiods to provide shallow flooding of pond beds, with fluctuation between 
storms.  

 
 

2) For the 2006-2007 winter season, cattle grazing will not occur in flooded fields and 
will initiate only after soils are drained and firm enough to withstand trampling 
without excessive pitting of the soil surface.  Pending timing and volume of rainfall 
and site conditions, it is anticipated grazing is likely to occur beginning in April or 
May 2007 and extending until December 2007. Removing cattle during the wet 
season is intended to prevent detrimental impacts to soils, vegetation, pasture 
productivity, and forage quality. Reinstating cattle during April is anticipated to be 
highly beneficial to migratory shorebirds as grazing will limit grass growth and height. 

 
3) Collect local ecotype meadow barely (Hordeum brachyantherum) seed during spring 

2007 for subsequent scattering at North Parcel. Representative monitoring plots may 
be established to monitor distribution of meadow barley and creeping wildrye 
(Leymus triticoides). Monitoring proceedures and strategies will be developed by 
SLT based upon NRCS  protocols. 

 
4) Install burrowing owl boxes at the Site. NRCS will fund the installation of the boxes. 

SLT is determining the appropriate number of boxes and preferred location of boxes.  
 

5) Install gates in west fence at each ditch to allow excavator access to clean ditches at 
weir outlets. This measure reduces costs associated with utilizing long-reach 
excavators. 

 
6) In Fall 2006, clean out Ditch 2 (south side of north berm) as vegetation in this 

location enhanced mosquito production. A secondary benefit includes improving 
drainage from the Silva property.  
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